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eHOLESTEROL (Group 3)
A. Evidence for carcinogenicity to humans (inadequate)

Intake of dietary cholesterol was greater in premenopausal cases than controls in a
case-control study of diet and breast cancer; however, this finding was not statistically
significant, and the association was less strong than that with dietary fat 1. ln a reanalysis of

the same data, dietary cholesterol did not have an effect independent of saturated fat
intake2. Further, in a cohort study of89 538 US nurses, there was no increased risk ofbreast

cancer associated with dietary fat or dietary cholesteroP. Dietary cholesterol intake was
greater in cases than in controls in a case-control study of colorectal cancer, but the risk
ratios were lower than for saturated fat intake4. Risk ratios were also elevated for dietary
cholesterol and colon cancer in a second case-control study, although they were lower for

rectal cancer and risk ratios were elevated to a greater extent for dietary protein5. ln a study
in which cholesterol intake of Seventh-Day Adventists was compared with that of lactoovo-vegetarians and nonvegetarians, differences for colon cancer risk were not 'striking'6.

However, a study using food disappearance data from 20 countries showed that, when
dietary cholesterol was controlled for, the partial correlations of dietary fat and fibre with
colon cancer mortality were no longer significant. Cross-classification showed a significant,
main effect for cholesterol but not for fat or fibre7.

Dietary cholesterol was associated with increased risk of lung cancer in a case-control
study. The association was found in all subjects, in smoking subjects and in males, but not in
females8. Dietary cholesterol was also found to be weakly associated with increased risk of
bladder cancer in a further case-control study9. These studies involved the use of relatively

restricted dietary questionnaires, and it was not possible to determine whether the
association with dietary cholesterol was part of a stronger association with other dietary
factors with which the intake of cholesterol is associated.
of

Dietary cholesterol was analysed in relation to cancer mortality in a ten-year follow-up
the Honolulu Heart Program in the USA. There was no significant association, but data

for individual cancer sites were not reportedlO.

The available data on serum cholesterol levels and cancer have been consideredll, and
subsequently reported independently12. It was concluded that observational studies afford
substantial evidence that preclinical cancer causes a lowering of blood cholesterol, and
limited, but biologically plausible evidence that males with naturally low blood cholesterol
levels are at increased risk of colon cancer. Since then, there have been reports of seven
studies primarily related to follow-up of cohorts established for the study of cardiovascular

disease13-2o. A study of 4035 residents of California, USA, aged 40-89, showed no
association between plasma cholesterol and cancer morbidity or mortality over a seven-year
period for either men or women for any cancer sitel3. ln a five-year follow-up of 10 940
participants in the Hypertension Detection and Follow-up Program in the USA, a small but

statistically significant inverse relationship was found between baseline serum cholesterol
level and cancer incidence. When cases diagnosed in the first two years were excluded, the
association was similar in magnitude but no longer statistically significant. The numbers of
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cases did not permit analysis by cancer sitel4. Up to six years of follow-up (mean, three
years) were reported for io 000 middle-aged men in the Malmö Preventive Program in
Swedenl5. Serum cholesterol was inversely related to cancer mortality (44 deaths) - a

relationship seen also for the 25 cancer deaths that occurred more than 2.5 years after
screeningl5. Serum urate levels at screening were correlated with early but not late (more
than 2.5 years after screening) cancer mortality. As urate levels might indicate proliferation
te deaths may be due to
of cancer cells, the association of raised serum cholesterol with la

another mechanism than cancer present at the time of screeningl6.

ln the Busselton community study in Western Australia, 1564 subjects have been
followed for 13 years. ln men aged 60-74, but not in men aged 40-59 or in women, a negative

association between serum cholesterol level and cancer mortality was foundl7. It was not
indieated if the association persisted when early cancer deaths were excluded. ln New
Zealand, 630 Maoris aged 25-74 were followed for over 17 years. A significant inverse
relationship between cancer mortality and serum cholesterol was found for men and women

considered together. The relative risk in the pooled data, derived by comparing the
approximate 10th and 90th percentiles of serum cholesterol concentration, decreased from
3.0 to 2.4 after excluding deaths in the first five yearsl8. Fifteen years offollow-up of 11 325
healthy men aged 40-59 in the Seven Countries Study has also been reported. Among 477
cancer deaths five or more years after cholesterol measurement, there was a significant

excess of deaths from lung cancer in the lower 20% of the cholesterol distribution in the
populations. N evertheless, regional comparisons of cancer mortality showed highest cancer
rates in northern Europe, where the cholesterol levels were highestl9. ln contrast, in a cohort
study in Sweden of 92 000 subjects less than 75 years old examined in 1963-1965 and
followed by linkage to the Swedish Cancer Registry until 1979, there was a positive
association between serum cholesterol level and risk of rectal cancer in men. When serum
cholesterol and ß-lipoprotein levels were considered together, the risk for men with elevated
serum cholesterol (~ 2.5 gj 1) and ß-lipoprotein (~ 2.2 gj l), relative to those with lower.
levels, was 1.6 for colon cancer (95% confidence interval, 1.2-2.2) and 1. 7 for rectal cancer
(1.2-2.4)20. ln the largest study so far reported, the incidence of cancer was determined in

160 135 male and female members of a prepaid health plan in California, USA, for whom
serum cholesterol levels were determined as part of a multiphasic health examination.
Follow-up was for eight to 16 years. No consistent association oflow cholesterol with cancer
incidence was found, although cancer incidence was highest in those in the lowest quintile of
serum cholesterol levels in the first two years after the measurement21.

Five case-control studies have been reported in which serum cholesterol was assessed22-26. A case-control study of 37 cases of primary brain tumours and two controls per
case found elevated levels of serum cholesterol in the cases compared to the controls. The
difference was not reduced by controlling for potential confounders (including weight)22. ln

the second study, serum cholesterol was measured in 244 patients with adenomatous polyps
of the colon, 182 patients with Dukes' A or B colon cancer and 688 hospital controls. The

mean serum cholesterol levels were lower for the Dukes' B cases, accounting for most of the
difference. There was no difference in mean levels between those with adenomatous polyps
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and their controls. After adjustment for nutritional status using serum albumin level,
however, there was no difference between any ofthe groups23. ln a nested case-control study
within a cohort, 245 newly-diagnosed cases of large-bowel cancer in members of a prepaid

health care plan and five matched controls for each case were compared, on the basis of
serum cholesterol measurements performed as part of a multiphasic health examination
prior to the diagnosis of the cases. No direct or inverse relationship between serum

cholesterol and large-bowel cancer was found24. A fourth case-control study was based on a
cohort of 18 995 people examined at a health centre between 1970-1973, where medical

records were found for 100 of 176 cancer cases who had died by 1979, for 393 of900 control
subjects still alive in 1979, and for 69 of 153 people who had died of cardiovascular disease in

the same period. Serum cholesterol levels in the cancer cases were significantly lower than
those in controls only in the two-year period prior to death and were inconsistently

depressed three to six or seven to 16 years prior to death25. ln a fifth study, a positive
association was found between serum cholesterol levels and the prevalence of adenomatous

polyps at colonoscopy performed in 842 patients. The odds ratio for large-bowel adenoma
between the highest and lowest quintiles of serum cholesterol was 1.9 (95% confidence
interval, 1. 1 -3.5) after adjustment for age and 2.0 (1. 1 -3.6) after adjustment for body-mass

index26. Serum cholesterol was assessed in relation to disease-free survival of 279 colon
cancer patients. There was an 11% (nonsignificant) lower cumulative disease-free survival at
five years in those with serum cholesterol levels below the median than in those with levels

above the median27. ln a further study, family history of cancer was found to be positively
associated with serum cholesterol levels in young adults28.

Thus, although studies of cohorts assembled to study cardiovascular disease risk
continue to show associations oflow serum cholesterol with cancer incidence and mortality,

the studies designed specifically to assess the relationship do not in general confirm the
association. When site-specifie data are available, they are not consistent. Nevertheless, a
plausible mechanism exists - namely, that those who maintain a low serum cholesterol in

face of a possibly elevated fat intake increase the concentration of cholesterol metabolites
(especially bile acids) in the intestine and thus increase their risk for colon cancer29.

B. Evidence for carcinogenicity to animais (inadequate)

Cholesterol was tested for carcinogenicity in mice by administration in the diet, by
subcutaneous administration and by bladder implantation. These studies were all inadequate
for evaluation. Cholesterol has also been tested in combination with various carcinogens,
but the results were inadequate to assess the carcinogenesis-enhancing potential of the

compoundll. Feeding of cholesterol to rats exposed to a mammary carcinogen did not affect

the incidence of mammary tumours30, while feeding after administration of a colon
carcinogen resulted in a lower incidence of colon tumours3l.

C. Other relevant data
No data were available on the genetic and related effects of cholesterol in humans. It did
not transform Syrian hamster embryo cells and was not mutagenic to bacteria32.
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eHROMIUM AND eHROMIUM eOMPOUNDS:
eHROMIUM METAL (Group 3)
TRIVALENT eHROMIUM COMPOUNDS (Group 3)
HEXAVALENT eHROMIUM eOMPOUNDS (Group 1*)
A. Evidence for carcinogenicity to humans (inadequate for chromium metal and trivalent
chromium compounds; suffcient for hexavalent chromium compounds)
An increased incidence of lung cancer has been observed among workers in both the
bichromate-producing industry and chromate-pigment manufacturing. There is evidence of
"This evaluation applies to the group of chemicals as a whole and not necessarily to ail individual chemicals within the group (see
also Methods, p. 38).

