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Fig. 2. A model illustrating factors in the circulation, which may link environmental factors to colorectal cancer risk.

hormones, serum triglycerides, plasma glucose, foods, and

colorectal neoplasia require further study.

Second, an association between coborectal neoplasia

and circulating levels of serum triglycerides and/or plasma
glucose could arise if triglycerides or glucose was an mdi-

cator of energy available for neoplastic cells.
Normal cells of the colonic epitheliurn are capable of

both aerobic and anaerobic metabolism, using short chain
fatty acids, amino acids, and glucose as fuel (1 34). How-
ever, short chain fatty acids are the predominant energy
source (135, 136). lndeed, availability of the short chain
fatty acid, butyrate, as a fuel suppresses glucose utilization,

especially in the left side of the bowel (1 36). Butynate may
be an especially important source of energy because it has
regulatory effects on nucleic acid metabolism (137, 138)
and acts as a differentiating agent (1 39), so it may assist in
maintaining the health of the large bowel epitheliurn (135).

In contrast to the normal colonic epithelium, neoplas-

tic cells switch from aerobic to anaerobic metabolism (140,
141), and anaerobic metabolism uses glucose rather than
fatty acids for fuel. Thus, plasma glucose might be associ-

ated with colorectal neoplasia by acting as direct source of
energy for neoplastic cells. In contrast to plasma glucose,
the fats transported by serum triglycerides could not provide

energy for neoplastic cobonic cells. However, fasting serum
triglycerides may be a general marker of energy availability

because VLDL triglycerides (the major component of serum
triglycerides) represent the triglycerides which are being

sent from the liver to the adipose tissues for long-term
storage, as well as to peripheral tissues for energy.

Because diets which increase plasma glucose are those
which tend to be low in plant food, the high levels of
colorectal cancer in the Western world might anise from the
low levels of plant food in the Western diet and from
corresponding increases in availability of plasma glucose as
an energy source for neoplastic cells. Further, there is a
preponderance of left-sided colon cancer in Western pop-
ulations. This might be explained by the increase of glucose
availability to the area of the colon which is the most
vasculanized (the left side), and by depletion of butyrate

formed from fermentation of fiber from plant foods, a fuel
on which the left side ofthe colon is especially reliant (1 36).

Thus, several biological mechanisms involving either
luminal or circulatory paths could account for associations

between the risk of colonectal neoplasia and serum tniglyc-

erides and plasma glucose.

Research Implications

A first step in examining the hypothesis that serum tniglyc-
erides and/or plasma glucose may be associated with the
risk of colorectal cancer is to establish directly that an

association exists between these blood characteristics and

colonectal neoplasia. Observational epidemiobogical inves-

tigations could establish such associations. However, to

ensure that either triglycerides or glucose was not merely
correlated with some ultimate biological causes of malig-

nant disease which had not yet been recognized, human

trials would need to demonstrate that reduction in levels of

serum triglycerides or plasma glucose could reduce the risk

of colorectal neoplasia, just as experimental studies were

needed to examine the possibility of a direct association

between serum cholesterol and coronary heart disease.

Understanding the biology of associations between

triglycerides, glucose, and coborectal neoplasia would re-

quire studies to determine the relative importance of lumi-

nal and circulatory factors. If fecal bile acids or other lumi-

nal factors were the major determinant of colorectal

neoplasia (Fig. 1), associations between coborectal neopla-

sia and circulatory factors would occur only because the
circulatory and Iuminal factors shared common environ-

mental risk factors or common biological pathways; no

direct biological association would exist between coborec-
tab neoplasia and serum triglycerides and/or plasma glu-

cose. In contrast, serum triglycerides and/or plasma glucose

could be the major determinant of colorectal neoplasia,

acting directly on the metabolism of neoplastic cells or

through insulin or other hormones. In this case, lurninal
factors would have no direct biological association with

colonectal neoplasia; associations would occur only be-
cause fecal bile acids shared common environmental or

biological determinants with serum triglycerides and/or
plasma glucose (Fig. 2). Distinguishing the relative contri-
butions of these models of colorectal neoplasia will be the
next major challenge.

Understanding the development of colorectal cancer,
and its relationship to pobyps, will ultimately require under-
standing the relationship between physiological mecha-
nisms and the genetics of neoplasia. Fearon and Vogelstein
(1 42) have postulated a sequence of genetic changes which
occur as polyps develop through the proposed adenoma-

carcinoma sequence. It would be of considerable interest to
determine whether these genetic changes are associated
with the changes in enzyme profiles involved in the switch
from aerobic to anaerobic metabolism described by Jass as

associated with increasing dysplasia in polyps (1 40, 1 41 ). It
would also be of interest to examine the relationship be-

tween the genetic changes and the ability of the cell to
respond to insulin and related growth factors.

The possibility that factors in the circulation may be
associated with the risk of colorectal cancer is appealing
because it could bead to research which might explain the
correlations between coborectal cancer and cancers of the
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breast, endometrium, ovary, and prostate, sites which share

some risk factors (1 , 2) and which might be influenced by
biological mechanisms affecting proliferation such as those
described for coborectal cancer. Because serum tniglycer-
ides and plasma glucose have also been positively associ-

ated with cardiovascular disease (69-72), these factors
might account for associations between colorectal cancer

and heart disease (68). However, much remains to be un-
derstood about the relationship between colorectal cancer
and cardiovascular disease. Because circulatory risk factors
for cardiovascular disease, cholesterol, and other blood

components share some dietary and lifestyle risk factors
with serum triglycerides and plasma glucose, a positive

association might be expected between serum cholesterol
and the risk of coborectal cancer. In the 1 980s, however,

some studies reported increased colorectal cancer risk as-
sociated with low cholesterol levels (143-146). In 1990, a
conference was held to evaluate the evidence on associa-
tions between cholesterol and a number of diseases, includ-
ing large bowel cancer, from a meta-analysis of 19 of 20
cohort studies with relevant data (147). Because it was
recognized that a negative association would be observed if

malignancy caused a drop in cholesterol in the years before
diagnosis, this analysis considered only deaths occurring at
least 5 years after baseline cholesterol measurement. The
analysis found that there was little evidence of a gradient of

risk of colon cancer across cholesterol classes, although
there was some evidence of variability among studies. The
authors recognized that information was needed about the
time course of cholesterol change in disease, and there is

still a need for studies which can distinguish cleanly be-
tween the biological effects of early disease and the effects
of factors which influence tumor growth in the period be-
fore diagnosis. While the meta-analysis of the relationship
between cholesterol and colon cancer took account of a
number of demographic and lifestyle-confounding van-
ables, it was not able to consider the effects of other blood
lipids or measures of glucose metabolism. Reduction in the

risk of colonectal and other cancers will require determina-

tion of optimal levels of blood lipids, glucose, and insulin,
in combination as well as singly. In this context, the syn-

drome of insulin resistance is of interest because it is a
multifaceted syndrome with a combination of dyslipidemia

and hypeninsulinemia and it has been associated with ath-
erosclerotic cardiovascular disease, noninsulin-dependent
diabetes rnellitus, hypertension, and obesity (148). Further
research appears justified to explore the relationship of
cancers to the abnormal lipids and increased levels of in-

sulin in the insulin-resistance syndrome.
Epiderniological research has made great progress in

identifying dietary and other lifestyle risk factors associated

with colonectal cancer and other malignancies. Future re-
search will require collaboration between basic scientists

and epidemiologists in order to determine the relative im-
portance of luminal and circulatory factors in colorectal

neoplasia, to develop an understanding of the effects of

dietary and lifestyle risk factors on the relevant biological
and metabolic processes, to link these models with an
understanding of the genetics of neoplastic cells, and to
develop an understanding of biological processes which
may be common to a number of sites of cancer.
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