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differences. However, the amount of cholesterol converted by
the 2 groups differed markedly. Similar differences in
conversion patterns between the 2 groups are seen in the levels
of the plant steroids and their conversion products (Table 3).
The total plant steroid levels for the 2 groups did not exhibit a
statistically significant difference, but considerable differences
occurred in the levels of conversion products.

The average percentage conversion of cholesterol and
sitosterol for each group is given in Table 4. The percentage
conversion of cholesterol and sitosterol was essentially equal
within each group.

Conversion patterns were found to be equally distributed
with respect to sex. No statistically significant male-female
differences in any of the parameters measured were found in
either high- or low-conversion groups. Conversion patterns
were also observed to be independent of age.

In order to determine how stable the 2 conversion patterns
were, 16 subjects who, in their initial fecal samples, showed
patterns of either high (10 subjects) or low (6 subjects)
conversion were tested repeatedly for periods ranging from 3
months to 2 years. The results of this study appear in Table 5,
wherein the percentage conversion of cholesterol is given for
each sample taken. Elapsed time between samples from each
individual varied from person to person, due to difficulties in
obtaining repeated samples.

In all but 4 of the 16 subjects studied, the conversion
patterns were reasonably stable. In the high-conversion group,
1 sample of 7 from Subject 8 was characterized by a
low-conversion pattern, and Subject 10 had 2 consecutive
low-conversion samples out of 5 (Table 5). In the low-conver
sion group, Subject 13 exhibited a high-conversion pattern on
2 separate occasions out of 10, and Subject 16, after an initial
low-conversion sample, became a consistent high converter
(Table 5). If classification of subjects as high or low converters
had been based on averaged results of repeated analyses,
instead of on the results of the 1st sample, Subject 16 would
have been classified as a high-conversion type. This is the only
case in which classification based on the 1st sample was
incorrect. The lowest percentage conversion was seen in
Subject 14 in whom, in the 21-month period of these tests,
conversion of cholesterol or the plant steroids was not
detected. The highest percentage conversion observed in any
subject was 99%.

DISCUSSION

There have been few studies in which the fecal neutral
steroids of more than 10 normal humans have been separated
and identified by gas Chromatographie methods (1, 11, 12,

Table 2
Levels of cholesterol and of its conversion products, coprostanol and coprostanone, for high- and low-conversion groups

Level of

CholesterolHigh

con
verters

Low con
vertersNo.of

subjects23

8In

dry
feces

(mg/g)2.8

Â±1.9a

30.0 Â±12.9%of

total
steroids9Â±772

Â±10CoprostanolIn

dry
feces

(mg/g)21.

3 Â±8.6

4.1 Â±4.3%of

total
steroids61

Â±98Â±7CoprostanoneIn

dry
feces

(mg/g)2.0

Â±1.9

0%of

total
steroids6Â±4

0Total

animalsteroidsIn

dry
feces

(mg/g)26.1

Â±9.16

34.1 Â±16.36%of

total
steroids76

Â±6e

80 Â±10e

0 Mean Â±S.D.
b'c Difference not statistically significant.

Table 3
Levels of sitosterol and campesterol and their conversion products for high- and low-conversion groups

LevelofSitosterolHigh

con-
verters

Low con
vertersNo.

ofsub

jects23

8In

dry
feces

(mg/g)0.9

Â±0.4Â°4.8

Â±1.6%of

total
steroids3Â±2

13Â±5Ethyl-

coprostanolIn

dry % of
feces total

(mg/g)steroids4.8Â±1.8

14 Â±4

0.2 Â±0.4 <1Methyl-

CampesterolcoprostanolIn

dry
feces

(mg/g)b2.5

Â±1.5%

of In dry % of
total feces total

steroids (mg/g)steroids2.2

Â±0.86Â±27

Â±5 Â± bTotal

plant
steroidsIn

dry
feces

(mg/g)7.9

Â±2.6e

7.5 Â±2.9C%of

total
steroids24Â±6d

20 Â±10d

0 Mean Â±S.D.
6 Less than 0.1 mg/g dry feces.
c'd Difference not statistically significant.
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15). It is not too surprising, then, that there has not been
general recognition of the fact that extensive bacterial
conversion of cholesterol and the plant steroids does not occur
in all members of the North American population. Eneroth et
al. (8) did report that 1 of 5 subjects studied excreted twice as
much cholesterol as coprostanol on a high corn oil diet, but
they attributed this to dietary influence. Connor et al. (4)
noted that 2 of 6 subjects on a liquid formula diet excreted
much less coprostanol than cholesterol. Other workers also
have reported low conversion of cholesterol in people fed
chemically defined diets (6, 7). Gustafsson and Werner (10)
found that infants less that 1 year old converted little or no
cholesterol to coprostanol. It has been reported that choles
terol conversion in rats can be decreased by dietary
manipulation (17) or by removal of the cecum (9,13).

The subjects in our study who exhibited low-conversion
patterns were not on special diets. Both high and low
converters appeared to have the same dietary habits. The total
amounts of both plant steroids and animal steroids excreted
by low-conversion subjects were statistically equivalent to the
amounts excreted by high-conversion subjects. The differences

Table 4
Percentage of cholesterol and sitosterol converted in high-

and tow-conversion groups

HighconvertersLow
convertersNo.ofsubjects238%cholesterol0converted88

Â±9c-d10
Â±Se%sitosterolbconverted83Â±9d4Â±7e

" (Coprostanol + coprostanone/total animal steroids) X 100%.
b [Ethylcoprostanol/(sitosterol + ethylcoprostanol)l X 100%.
c Mean Â±S.D.
d-e Difference not statistically significant.

Neutral Steroid Conversion Patterns of Normal Feces

between the 2 types of people seem to be at the level of
microbial ecology of the colon, which could be influenced not
only by the composition of the flora but also by the physical
state of the cholesterol molecule in the lumen or by
differences in transit times between individuals.

From our study, it would appear that people whose
intestinal flora convert little or no cholesterol or plant steroids
constitute approximately one-quarter of the North American
population. The presence of such a significant proportion of
people who differ considerably from the "normal" extent of

cholesterol conversion should be taken into account in any
study designed to compare the fecal neutral steroids of
different population groups. The existence of people with
low-conversion patterns could also make it possible to conduct
tests, such as sterol balance studies, with minimal interference
from microbial conversion in the colon.

In most of the people studied, the percentage of cholesterol
converted by the intestinal flora was relatively stable. Large
changes in the percentage of conversion were usually transient,
suggesting that over a period of years a person's colon is

exposed to either high or low concentrations of cholesterol
converions products.

The presence within a single population at a fairly high risk
of large bowel cancer of 2 groups differing in the extent of
microbial activity on the neutral steroids suggests several
alternatives to us. First, the extent to which cholesterol is
degraded in the colon may be completely unrelated to
large-bowel carcinogenesis. In this case, both groups of people
should be at the same risk level with respect to large-bowel
cancer. Alternatively, the 2 groups could be at different levels
of risk. If microbial degradation of the neutral steroids leads to
the production of a carcinogenic intermediate, as other
investigators have suggested, the high-conversion group should
be at a higher risk level than the low-conversion group.
However, the low-conversion group could be at a higher level

Table 5
Stability of high- and low-conversion patterns expressed as percentage of cholesterol converted

Subject
No.High

converters12345678910Low

converters111213141516Length

of test
period
(mo.)36661112222222221(11220212122%

inSample19195939695897780806773102315289939594919482595625b48171304390b390979894809477856139b715190694&48492908585838589727413502289b58594999672957974572993b06939996849477117

8 91092

949297
9094
9456

896b15

9 9 52b%

cholesterol
converted88

Â±94
Â±9594888682686952

Â±21

Â±15
Â±23

Â±0
Â±24
Â±72bÂ±3Â°2436812279181982701333

"Meani S.D.
b Changes in conversion pattern from that determined on the basis of the initial sample.
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of risk if the microbial flora that converts cholesterol and the
plant steroids protects against carcinogenesis by degrading
potentially carcinogenic, double-bonded, ring-structured com
pounds which might be ingested in a high-meat diet. At the
present time, there is insufficient evidence to determine which
of these alternatives is the correct one. Two earlier studies
comparing the fecal steroids of people from countries known
to have a high incidence of colon cancer with those of people
from countries known to have a low incidence of colon cancer
found more extensive conversion of cholesterol in the
higher-risk population (12, 15). However, analyses of the fecal
steroids of 2 populations of Japanese-Hawaiians believed to be
at different levels of colon cancer risk (T. D. Wilkins et al,
unpublished data) indicate that higher risk of colon cancer
may be associated with lower conversion of fecal neutral
steroids in these populations. Similarly, other investigators (5)
have found lower conversion of cholesterol in the feces of
Gardner's syndrome patients, a high-risk population, compared

with normal controls. These results and the existence of 2
distinct conversion groups within a normal, otherwise homo
geneous population may point to a more complex relationship
between colon cancer risk and fecal steroid conversion than
has been previously hypothesized (12,15,16).
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