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Nutritional factors are important determinants of colorectal cancer risk. Diets high in fat and/or low in fibre are 
especially recognised to increase risk. Dietary calcium and vitamin D have been suggested to be protective against 
colorectal cancer. With respect to calcium, its possible effect is thought to be mediated at least in part through 
intrahuninal precipitation of hydrophobic, cytotoxic substances, in particular fatty and bile acids, which can 
promote colorectal cancer development. Data from studies in vitro and in animals support a protective effect of 
calcium, but studies in humans, both epidemiological and interventional, have given inconclusive results. With 
respect to vitamin D, data from only a small number of studies are available. Results suggest a protective effect 
by inhibition of cell proliferation, mediated through specific receptors. It is concluded that there are currently 
insufficient reasons to supplement subjects at increased colon cancer risk with calcium or vitamin D, especially 
when dietary intake of these substances is in agreement with general guidelines. 
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INTRODUCTION 
EPIDEMIOL~GICAL STUDIES have shown that the composition of 
food is of major importance in determining the risk of colorectal 
cancer. A high intake of animal fat and a low intake of dietary 
fibre are risk factors in this respect, and this is not only true for 
cancer, but also for its benign precursors, colorectal adenomas 

HI. 
It is generally assumed that a high fat diet affects colorectal 

cancer risk mainly through the process of promotion, in parti- 
cular by increasing epithelial cell proliferative activity. Both in 
animals and in man a high fat intake has been shown to induce 
an increase of proliferative activity of the colorectal epithelium 
[2, 31. Hyperproliferation makes cells more susceptible to 
adverse mutations and, in addition, stimulates outgrowth of 
(pre)malignant cells into tumours. Colonic epithelial hyperprol- 
iferation has been found by many investigators to be increased 
in subjects with an increased risk of colon cancer [4]. One 
possible mechanism through which a high intake of fat induces 
an increase of epithelial proliferation is that it causes an increase 
in concentration of fatty acids and bile acids in the contents of 
the colon. Both fatty acids and bile acids have been shown 
experimentally to be cytotoxic to colonic epithelial cells and to 
stimulate compensatory mitotic activity. Also, direct stimulation 
of the mitotic process may be involved, through stimulating 
protein kinase C activity in the epithelial cells by fatty acids and 
bile acids and especially by diacylglycerol[5]. 
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CALCIUM AND COLORRCTAL CANCER 
A kyporkesis 

In 1984, Newmark and associates [6] published a hypothesis 
on the interactions of fatty and bile acids, calcium and phosphate 
in relation to colon cancer. They suggested that calcium might 
have beneficial effects on colonic epithelium by binding the fatty 
and bile acids in the colonic lumen, thus forming insoluble soaps 
that would be harmless to the colonic mucosa. Thus, increased 
oral calcium intake might be able to exert a proliferation 
inhibiting effect on colonic epithelium, and might protect against 
the development of colon cancer. The authors further hypoth- 
esised that phosphate would compete for calcium in the colon, to 
produce insoluble calcium phosphate. The proposed protective 
effect of calcium might thus be opposed by an excess of 
phosphate. This hypothesis has brought about a large number 
of investigations into the possible role of calcium as a protective 
agent against the development of colorectal neoplasms. A concise 
review of these studies will be presented in this article. 

Epidemiology 
Several epidemiological studies have provided support for the 

beneficial effects of calcium, especially studies from the U.S.A. 
and Australia [ 11. In addition, Sorensen and associates [7], found 

an inverse association between calcium consumption and age- 
adjusted colon cancer incidence rates using data from both the 
U.S.A. and Scandinavia. In contrast, a recent prospective study 
of more than 100000 American male health care professionals 
and female nurses failed to show a relation between calcium 
intake and the risk of colorectal adenomas [8]. Several European 
studies have also been unable to show an association between 
calcium intake and colorectal cancer [ 1, 81. Differences in 
dietary sources of calcium and other confounding factors may 
account for these discrepancies. 
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In vitro studies 
Calcium is an important mediator of many cellular, biological 

processes, including cell proliferation. An increased intake of 
calcium might thus affect cell proliferative activity through a 
direct effect of calcium. Contradictory results have been obtained 
in this respect, when incubating human colorectal biopsies with 
increasing concentrations of calcium: one study showing a 
decrease of cell proliferation [9], and another showing no effect 
[lo]. Other in vitro studies have focused on the interactions of 
calcium with fatty acids and especially bile acids. The binding 
of calcium to fatty and bile acids to form insoluble soaps is a well 
known phenomenon. However, the proposed role of phosphate 
in this, as formulated by Newmark and associates [6], was purely 
hypothetical. In a series of in vitro studies, it has now been shown 
that bile acids are not precipitated by soluble Ca’+, but that 
phosphate is a requisite for this [ 1 l-131. In fact, this precipitation 
is an almost unique property of freshly formed, amorphous 
calcium phosphate, and is hardly observed with aged, more 
crystalline calcium phosphates and with other insoluble calcium 
salts. The mechanism of this precipitation is by hydrophobic 
aggregation of bile acid monomers at the surface of the amorph- 
ous calcium phosphate [ 131. As fatty acids and bile acids are 
thought to promote colon carcinogenesis, at least in part, through 
their cytotoxic effects on colorectal epithelial cells, whether 
calcium could counteract these effects was studied. Soluble Ca2+ 
did not reduce the cytotoxic effect of bile acids in vitro, whereas 
calcium phosphate almost abolished it, as measured in a hae- 
molysis assay [ 141. Calcium also potently reduced the cytolytic 
effects of fatty acids and of the highly lytic mixed micelles, 
formed by the addition of small amounts of bile acids to fatty 
acids [15]. 

Studies in animals 
Studies in rodents have repeatedly shown that a high calcium 

intake causes a reduction of epithelial cell proliferation in the 
colon, whether induced by increased colonic concentrations of 
fatty and/or bile acids or not [4]. Several studies have also 
indicated that tumorigenesis is inhibited by calcium supplemen- 
tation [4]. With regard to the mechanism of the effect of calcium, 
studies by our group in rats have shown the following. First we 
determined whether insoluble calcium phosphate is formed in 
vivo in the intestine of rats. Intestinal and faecal samples of rats, 
fed low and high calcium phosphate purified diets, were analysed 
[16]. It was found that calcium and phosphate already precipi- 
tated in the small intestine, and were almost completely precipi- 
tated in colon and faeces. In addition, it was observed that the 
solubility of faecal calcium and phosphate is determined by the 
pH of its solubility product, analogous to that observed for 
amorphous calcium phosphate in vitro [ 171. Thus, the amount 
of soluble Ca2+ is low, whereas that of amorphous calcium 
phosphate is high in the colon. The colonic interactions between 
calcium, phosphate and bile acids, and their effects on colonic 
epithelial parameters were studied in rats fed a Western high 
risk control diet, containing a low amount of calcium (20 urnoh 
g) [18]. This control diet simulates a human calcium intake 
of approximately 400 mg/day (10 mmol/day). The amount of 
calcium phosphate in this diet was increased to 180 pmol/g by 
supplementing the diet with milk mineral. Faecal water was 
isolated to quantitate the physiologically relevant cytolytic sur- 
factants, as only soluble surfactants are lytic. Supplementation of 
the low calcium control diet with calcium phosphate drastically 
decreased the concentration of bile acids and fatty acids in faecal 
water and inhibited its cytolytic activity, measured with the 

same haemolysis bioassay mentioned above. Milk mineral also 
inhibited epitheliolysis, measured as the release of the epithelial 
cell marker alkaline phosphatase, as well as colonic epithelial 
proliferation. In other experiments the proposed inhibitory 
effects of dietary phosphate [16], and the effects of different 
types of dietary calcium [ 181 were studied. Taken together, these 
experiments confirm earlier studies which showed that dietary 
calcium inhibits colonic epithelial proliferation. They extend 
these studies by showing that this effect is not inhibited by 
phosphate, and that milk calcium has at least a similar protective 
effect. In addition, they show that the protective effect of 
calcium is mediated by a decrease in solubility of color& 
surfactants, such as bile acids and fatty acids, and an inhibition 
of luminal cytolytic activity, epithelial cell damage and prolifer- 
ation. It was found that cytolytic activity of faecal water, as 
well as epitheliolysis were significantly correlated with colonic 
epithelial proliferation (r = 0.97 and 0.88, respectively), sug- 
gesting cause-effect relationships. 

Studies in man 
In 1985, Lipkin and Newmark [19] published their study 

on the effect of calcium supplementation on rectal epithelial 
proliferation in subjects at increased risk of colorectal cancer. 
They showed that increasing oral calcium intake by approxi- 
mately 1200 mg was associated with a marked decrease of 
epithelial proliferation. This study prompted a series of studies 
by other investigators on the effect of calcium in high risk 
subjects. Most of the early studies were not placebo-controlled. 
Almost invariably they showed a decrease of rectal cell prolifer- 
ation after a supplementation period of 1 or more months 
[4]. Only in one study were biopsies for determination of 
proliferation taken proximal to the rectum, namely from the 
sigmoid colon. Surprisingly, in that study, proliferative activity 
increased during calcium therapy [20]. Recently, the results of 
several placebo-controlled studies have been reported. Two 
placebo-controlled crossover studies [2 1, 221 showed a reduction 
of rectal epithelial proliferation during calcium supplementa- 
tion, whereas one placebo-controlled parallel groups study 
showed no appreciable effect [23]. We performed a placebo- 
controlled parallel groups study in subjects at 50% lifetime 
risk of hereditary nonpolyposis colorectal cancer, measuring 
proliferation in rectum, sigmoid and descending colon [24]. 
Only in the rectum was a slight beneficial effect of calcium 
found, whereas in the sigmoid and descending colon no effect of 
calcium was observed. Nevertheless, there is still great interest 
in the possible beneficial effect of calcium, and currently some 
large multicentre studies are being performed to evaluate the 
potential role of calcium in the prevention of colorectal cancer 
and adenomas. 

With regard to the mechanisms through which calcium might 
affect colorectal carcinogenesis, our group has performed a 
number of studies. To ascertain the relevance of the results of 
our biochemical and animal studies for human physiology, we 
first studied the intestinal association of calcium, phosphate and 
bile acids [12]. Because, in human diets, phosphate is far 
in excess of calcium, supplemental dietary calcium (without 
phosphate) may stimulate complexation with phosphate and/or 
bile acids. This increased complexation can only be measured as 
an increase in faecal excretion of phosphate and bile acids, 
provided that the intake of phosphate is kept constant. In healthy 
subjects, supplementary calcium carbonate increased the faecal 
excretion of both phosphate and bile acids, which indicates 
the intestinal formation of an insoluble complex of calcium, 
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phosphate and bile acids. Also, in humans, the solubility of 
faecal calcium and phosphate is determined by the solubility 
product of amorphous calcium phosphate [25]. Using the cal- 
cium chelator, EDTA, we found that resolubilisation of calcium 
resulted in an increase of soluble phosphate and of soluble bile 
acids. This shows that calcium, phosphate and bile acids are 
present in faeces as an insoluble complex. We also studied the 
effects of calcium on duodenal bile acid composition, and showed 
that calcium decreased the hydrophobic and cytolytic dihydroxy 
bile acids, chenodeoxycholate and deoxycholate, and increased 
the hydrophilic, less cytolytic trihydroxy bile acid, cholate. 
These results suggest that calcium lowers the cytolytic activity 
of the soluble bile acids in the intestinal lumen. In line with 
this, we found that calcium decreased the concentration of 
hydrophobic surfactants in faecal water, and significantly 
inhibited the cytolytic activity of faecal water [25]. Similar effects 
of supplementary calcium on faecal bile acid excretion, duodenal 
bile acid composition and cytolytic activity of faecal water were 
obtained in patients with colonic adenomas [26]. 

shown that these subjects have an increased rectal epithelial cell 
proliferative activity [28], and have very high diacylglycerol 
concentrations in their faeces [29], both of which are reduced by 
calcium supplementation, suggesting an association between the 
two. The precipitation of fatty acids and bile acids by calcium 
might also be involved in the reduction of cell proliferation in 
these cases. 

Taken together, the studies in humans indicate that calcium 
supplementation strongly reduces several metabolic risk factors 
in the color& lumen. However, to what extent this reduces 
epithelial cell proliferation, and whether this may affect colorec- 
tal carcinogenesis, is still the subject of study. 

VITAMIN D AND COLORECTAL CANCER 

These effects of calcium supplementation of the diet prompted 
us to study whether calcium in the habitual diet has similar 
protective effects on luminal metabolic risk factors. In a typical 
Western diet, approximately 70% of dietary calcium is derived 
from milk and dairy products. Therefore, we studied the effects 
of habitual dietary calcium in a double-blind crossover exper- 
iment using specially prepared milk products [27]. During the 
experimental period of 2 weeks, the male volunteers consumed 
a constant habitual diet in which all liquid dairy products were 
replaced by either placebo milk/yoghurt or regular, high calcium 
containing, milk/yoghurt. These products differed only in cal- 
cium content and provided 3 and 30 mm01 of Ca2+/day for the 
placebo and calcium period, respectively. At the end of each 
period, faeces were quantitatively collected for 3 days and urine 
for 1 day. Minerals were measured in faeces and urine to 
determine whether the total daily output was in accordance with 
the designed intake of nutrients. Faecal water was prepared 
by centrifugation of homogenised faeces and its composition 
determined by standard procedures. Cytolytic activity was meas- 
ured as lysis of erythrocytes by faecal water. The measured total 
excretion of calcium differed by 27 mmoYday which is exactly 
the difference in calcium content of the supplied placebo and 
calcium milk products. Milk calcium significantly increased 
faecal pH and the faecal excretion of phosphate, bile acids, and 
fatty acids, indicating intestinal calcium phosphate formation 
and precipitation of bile acids and fatty acids. Calcium approxi- 
mately halved the concentration of bile acids and fatty acids in 
faecal water which indicates that it precipitates these lipids. 
Neutral steroids and phospholipids are probably solubilised by 
hydrophobic bile acids and thus also precipitated by calcium. 
To quantitate the effects on hydrophobicity of bile acids, we also 
determined their composition in faecal water by capillary gas 
chromatography. On placebo milk, faecal water bile acids mainly 
consist of the secondary bile acids, deoxycholate and lithocholate 
(approximately 80%). Only the concentration of these bile acids 
was significantly decreased by milk calcium. Our in vitro work 
shows that these hydrophobic secondary bile acids particularly 
have very severe cytolytic effects [ 141. In line with these in vitro 

results, we found that milk calcium drastically inhibited the 
cytolytic activity of faecal water. 

Because of the role of vitamin D in calcium homeostatis, 
possible effects of calcium and of vitamin D on colorectal 
carcinogenesis have been evaluated together, particularly in 
epidemiological studies. Studies by Garland and associates [30] 
have indicated that vitamin D consumption is inversely corre- 
lated with colon cancer incidence. Studies in vitro have sub- 
sequently shown that vitamin D3 has antiproliferative effects on 
human colon cancer cells in oirro, and the same was found for 
analogues of vitamin D3, which were devoid of any hypercalca- 
emit effect [31]. Similarly, in vitro incubation of human rectal 
biopsies with the vitamin D analogue, calcipotriol, reduced cell 
proliferative activity compared with control values [32]. Also, in 
rats, vitamin D3 significantly affects cellular kinetic indices, 
especially a decrease of the proliferative zone [33]. The effects of 
vitamin D are probably due to direct binding of the substance to 
specific receptors on the epithelial cells, and are independent of 
intraluminal factors, including calcium. 

CONCLUSION 
Calcium supplementation would be a very attractive option to 

prevent colorectal cancer in high risk subjects. It is easy to 
administer, well tolerated and non-toxic. It may easily be 
incorporated into the diet by increasing consumption of dairy 
products. Concerning possible adverse effects, only interference 
with iron absorption has been well documented [4]. Biochemical 
studies and metabolic studies in animals and man are all in 
accordance with each other, and indicate that calcium precipi- 
tates ltinal cytolytic substances, such as bile acids and fatty 
acids, thus reducing luminal cytolytic activity. In rats, this 
reduction correlates well with the reduction of parameters of 
intestinal epitheliolysis and colonic cell proliferation. In 
addition, colonic tumorigenesis is generally inhibited by calcium 
in animal models. Studies on the effects of calcium on human 
colorectal epithelium are not as uniform in their conclusions, 
and the same is true for epidemiological studies. Thus, currently, 
the role of calcium in the prevention of colorectal carcinogenesis 
is still unclear, and results of current and future studies are 
awaited before this can be concluded. This is even more true of 
vitamin D and its analogues, for which so far only very few data 
are available. 

As mentioned previously, a high fat intake might also stimu- 
late proliferation by increasing the activity of protein kinase C 
by fat-derived substances such as diacylglycerol. Studies in 
patients with an intestinal bypass for morbid obesity, have 
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