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Variability of colonic function in healthy subjects
J. B. WYMAN,' K. W. HEATON, A. P. MANNING, AND A. C. B. WICKS

From the University Department of Medicine, Bristol Royal Infirmary, Bristol

SUMMARY Twenty healthy subjects eating normal diets made repeated five-day stool collections,
the 10 females making their collections in four to six successive weeks. In most subjects there were
striking variations in transit time, measured by Hinton's method. The variability of average faecal
wet and dry weight, faecal volume, and the frequency of defaecation was equally great, suggesting
that the transit time variations were genuine. The size of individual stools varied even more, often
tenfold or more. Faecal water content was relatively constant. There were no significant differences
between males and females, and in the females there were no obvious changes related to the phases
of the menstrual cycle. The normal variability of colonic function should be taken into account in
planning experiments and in interpreting existing data.

In recent years interest has been renewed in the
bulk and consistency ofthe faeces and in the intestinal
transit time of healthy subjects, because correlations
have been pointed out between these characteristics
and the prevalence of various diseases of the large
bowel, including appendicitis, diverticular disease,
polyps, and carcinoma (Burkitt, 1971; Painter and
Burkitt, 1971; Burkitt et al., 1972; Walker et al.,
1973; Cleave, 1974). With so much emphasis being
laid on these measurements, it is obviously important
to know how much they vary from time to time in
normal subjects. Surprisingly, little has been
published on this point. When Hinton et al. (1969)
described the technique of measuring whole-gut
transit time with the use of radio-opaque plastic
pellets, they reported that, in 25 healthy men,
duplicate measurements varied by as much as three
days. This variability has sometimes been taken as
indicating poor repeatability of the method (East-
wood et al., 1974; Cummings et al., 1976). Certainly,
some variability is inevitable from the fact that the
method uses as an arbitrary end-point the time at
which the stool is passed containing the 20th of 25
ingested pellets. However, it is possible that much
of the variability is due to genuine biological varia-
tion. Common experience suggests that colonic
function does vary considerably from time to time,
especially in those who travel or lead irregular
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or stressful lives. If biological variation is the main
explanation of variable transit measurements, then
other parameters of colonic function should vary
in time to a similar degree. We have examined the
variability of faecal weight, volume, and frequency,
as well as of transit time measured by Hinton's
method, in 20 healthy subjects. Since these included
10 women, we took the opportunity of looking for
rhythmical variations of colonic function during the
normal menstrual cycle.

Methods

SUBJECTS
The subjects studied were 10 males and 10 females,
aged 24 to 43 years except for one boy aged 11 years
and one girl aged 15 years, all pursuing their normal
activities. The women were asked to eat their usual
diet but to attempt to eat about the same amount of
fibre-containing foods every day. The only drugs
taken were contraceptive pills by four and an iron
preparation and an antihypertensive by one. The
men used no medications and were given written
dietary instructions aimed at standardising their
daily intake of fibre.

PROCEDURE
Each subject was provided with a convenient odour-
free stool collection kit, contained in an unobtrusive
case which could be taken to the place of work
(Wyman et al., 1977, in preparation). This method
was similar to the systems described by Hoffman
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et al. (1973) and Glober et al. (1974). Stool collections
always began on a Sunday morning and continued
for five days. The women began their first collection
on the Sunday after menstrual flow had begun and
made further collections each week till the menses
recurred. The men each made two collections,
separated by three to 11 weeks (Wyman et al., 1976).

Transit time was determined by the method of
Hinton et al. (1969), using 25 3 mm barium-
impregnated polyethylene pellets (Portex Ltd.,
Hythe, Kent), and the time of appearance of 80%
of the pellets as the end-point. Stools were weighed
and x-rayed individually, then each five-day collec-
tion was pooled and blended with a roughly equal,
known volume of water. Subtraction of the water
volume yielded an estimate of faecal volume.
Faecal dry weight was calculated from the weight
of a freeze-dried aliquot of known volume. Defaeca-
tion frequency and the average interval between
bowel actions was calculated from the recorded dates
and times of individual stools.

Results

In all, 69 five-day stool collections from the 20
subjects were available for analysis. Table 1 sum-
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marises the individual results in the 10 females for
each of the eight parameters studied. Each female
made between four and six collections. This per-
mitted the calculation of coefficients of variation for
each subject for each measurement. These could
then be compared statistically to determine whether
transit timewasa more variable measurement than
the other parameters. Table 2 shows that there is
no significant difference between the coefficients of
variation for transit time and those for faecal wet
weight, dry weight, volume, frequency, or interval.
Individual stool size was significantly more variable,
and water content was significantly less variable
than any of the other measurements.

Table 3 shows the results of the duplicate studies
in the 10 males. In this case, the small number of
studies does not permit statistical analysis, but the
variability of the transit time data is not obviously
greater than that of the other measurements.

Figure 1 displays the results of all 69 transit time
measurements. In nine tests (all in females), 80% of
the radio-opaque pellets failedto pass during the
five-day period of the stool collection. These pro-
longed transit times, which occurred infivewomen
(three times in one of them) are recorded as the time

Table 1 Intestinal transit time andfaecal measurement of 10 females
Subject Group

mean
1 2 3 4 5 6 7 8 9 10

Transit time 81 78 82 101 57 74 61 113 88 90 82-4
(h) 36-9 24-2 27-5 21-8 14-3 20-6 13-9 12-0 14-1 40-1 SD 16 7

47-123 455-97 5 48-106-5 60-120 46-73-5 47 5-99 5 48-81-5 95-125 72-99 5 46-128 27-9
45 6 31-1 33 5 21-6 25-1 27-8 22-8 10-6 16-0 44-6 SD 11-3

Wet faecal 109 139 180 123 122 127 138 87 134 99 125-7
weight 29-7 38-1 39-2 15-8 34-6 44-8 32-5 13-3 26-4 24-7 SD 25-5
(g/24 h) 70-132 98-189 141-233 95-137 94-180 75-198 99-184 72-100 96-159 65-123 23-8

27-7 27-4 21 8 12-8 28-4 35 3 23-6 15-3 20-6 24-9 SD 6-6
Dry faecal 28-8 33-3 41-1 36-9 30-2 28-3 32-6 25-3 39-8 19-8 31-6

weight 7-6 8-8 3-7 4-6 6-3 13-2 5 4 4-9 6-7 5 6 SD 6-6
(g/24 h) 20 2-35 3 24-4-40-1 37 5-44 9 29-0-41-1 25-9-41-0 13-8-42-1 28-6-41-7 21-2-30-9 35-8-51-3 10-5-25-2 22-2

26-2 26-4 8-9 12-4 20-9 46-6 16-4 19-4 16-7 28 5 SD 10-6
Water content 73-4 76-3 76 5 69-7 74-8 77-4 75-8 70-8 68-4 80-2 74-3

(°/0) 1-7 4-5 4-1 2-3 3-6 9 7 3-7 1.9 3*9 3-3 SD 3-8
71-75 72-81 73-81 66-73 72-80 63-88 71-81 69-74 63-74 75-84 5-2
2-3 5 9 5 4 3-4 4-8 12-5 4 9 2-7 5 7 4-1 SD 1-5

Faecal volume 106 128 169 127 138 137 165 90 149 104 131
(ml/24 h) 28-2 27-6 36-8 18-3 26-9 68-2 43-1 14-2 26-0 19-4 SD 26-0

70-133 98-162 127-210 96-142 104-175 45-211 114-229 74-106 111-174 77-121 23-2
26-6 21-6 21-8 14-4 19-5 49-8 26-1 15-8 17-5 18 7 SD 10-2

Stoolfrequency 1 10 1-21 1-25 0-69 1-50 0-93 1-44 1-32 1-27 0-89 1-16
(motions/24 0-38 0-18 0-36 0-14 0 33 0.19 0-22 0-42 0 09 0 10 SD 0-26
h) 0-7-1-6 1-01-4 0-7-1 5 0 5-0 9 1 2-1 9 0-7-1-2 1-2-1-8 0-7-1-8 1 2-1 5 0-7-1-0 20-8

34 5 14-9 28-8 20-3 22-0 20-4 15-3 31-8 7-1 11-6 SD 8-9
Size of indi- 90 108 137 179 82 135 95 66 108 113 111-3

vidual stools 28-3 72-9 87-3 33-1 39-1 54-0 50-1 39-2 33-1 76-6 SD 32 5
(g) 10-4-170-4 6-7-330-1 11-6-327-1 120-6-224-319-1-167-8 61 9-229 6 8-5-201-9 7-6-175-2 39-6-208-0 17-0-331-8 49-3

31-4 67-5 63-7 18-5 60-2 40 0 52-2 59.4 31-8 67-8 SD 17-6
Interval 20-2 20-0 20-8 38-2 16-6 26-6 16-8 20-4 19-2 28-2 22-7

between 7-9 2-9 8-9 7-5 3-5 5-5 2-5 9 0 1-3 3-6 SD 6-6
motions (h) 15-34 17-24 15-34 31-52 13-20 20-35 13-20 14-36 17-20 25-33 23-4

44-0 14-7 47 0 15-7 20-7 19-6 13-1 42-8 5 9 10-2 SD 15-0

In each block are shown mean, standard deviation, range, and coefficient of variation. In the group mean column are shown the means of the
means and coefficients of variation, with standard deviations. Forty-nine five-day collections were made, with each subject making four to six
collections.
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Table 2 Coefficients of variation for transit time and
faecal measurements in 10 healthy women

Comparison with
transit time

Mean SD
t P

Transit time 27-9 11-3 - -
Wet faecal weight 23-8 6 6 1-31 NS
Dry faecal weight 22-2 10-6 1-37 NS
Water content 5-2 1-5 6 09 < 0 001
Faecal volume 23-2 10-2 1-10 NS
Stool frequency 20-8 8-9 1-69 NS
Individual stool size 49-3 17-6 - 3-54 < 0 001
Interval between
motions 23-4 15-0 0-81 NS

Each faecal measurement is compared to transit time using a paired t
test.

of the total faecal collection. Figure 2 displays the
results of 69 measurements of daily faecal wet
weight. Figure 3 shows the results of 68 measure-
ments of daily faecal dry weight. One aliquot (from
subject 2) was lost during freeze drying. The figures
show the great variability of colonic function both
within and between individuals.

Using both Student's t and rank tests there was
no significant difference between men and women in
any of these measurements. No relationship was
seen to age, body weight, or body surface area.
Only in females was there a significant negative
correlation between transit time and wet faecal
weight (r = 0-633; p < 0-05). The males demon-
strated a significant correlation between individual
stool size and dry weight (r = 0-793; p < 0-01).
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Fig. 1 Intestinal transit times in hours. Results of
69 five-day faecal collections made by 20 subjects.
Each subject made two to six collections. Each closed
circle represents an individual collection by subjects 1-20
whose results are summarised in Tables I and 3. The
double circles represent the results in five subjects making
nine collections who failed to pass 80% of the ingested
pellets; total collection time is considered transit time
in these subjects.

Table 3 Intestinal transit time andfaecal measurements of 10 males

Subject Group
-mean

11 12 13 14 15 16 17 18 19 20

Transit time 99 94 62 37 66 90 80 23 35 69 65-5
(h) 71, 125-5 71, 117 51-5, 73 34, 39 52, 80-5 73, 110 62. 97-5 22, 24 22-5, 47 62-5, 74-5 SD 26-6

Wet faecal 76 153 230 86 149 57 155 187 113 105 130-9
weight 58, 94 127, 178 177, 283 80, 91 144, 154 30, 84 133, 177 167, 206 100, 125 99, 110 SD 53-6
(g/24 h)

Dry faecal 22-1 44-7 42-5 20-6 34 9 19-6 33-8 32-8 30-0 18-7 30 0
weight 17-6, 26-5 43-8, 45 5 41-2, 43-8 17-1, 24-1 25-8, 44-0 14-8, 24-4 31-2, 36-3 30-3, 35-3 29-6, 30-4 17-8, 19-5 SD 9-5
(g/24 h)

Water content 71 70 74 76 76 71 76 83 73 82 75-0
(%) 70, 72 66, 74 73, 75 70, 81 69, 83 70, 71 74, 77 82, 83 70, 76 80, 84 SD 4-3

Faecal volume 82 181 185 98 150 85 150 196 130 127 138-2
(ml/24 h) 69, 95 139, 222 175, 195 92, 103 147, 153 65, 104 120, 180 193, 198 122, 138 120, 134 SD 41-4

Stool fre- 1-8 2-3 1.0 2-0 1-3 1.1 1-2 1-0 1-0 0-7 0-96
quency 0-6-2-9 1-9-2-9 0-5-1-7 1-9-2-1 0-9-2-0 0-3-2-0 0-3-2-8 0-9-1 0 0-9-1-1 0-1-1-0 SD 0-32
(motions/24 h)

Size of indi- 127 252 152 140 208 75 142 149 111 69 142 4
vidual stools 33-240 151-452 72-260 89-191 60-311 20-124 66-288 59-301 57-186 32-144
(g) SD 92-3 107-7 63-1 36-4 97-5 37-1 71-5 67-9 47-7 30-9 SD 55-4

Interval 43 56 25 49 30-8 26 28 24 24 16 28-0
between 14-68-5 46-5-69-5 11-40 46-51-5 21-48 6-49 6-5-67-5 22-24-5 22-25-5 3-5-28
motions (h) 8-9 5-2 3-8 1-6 6-1 6-9 8-9 0-3 0-4 2-3 SD 9-2

In each block are shown the mean and two individual values. In addition, standard deviation is shown for size of individual stools, interval
between bowel motions, and group mean. Each subject made two five-day faecal collections.

...
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Fig. 2 Faecal wet weight in g/24 hours. Results of
69 five-day faecal collections made by 20 subjects.
Each subject made two to six collections. Each closed
circle represents in individual collection by subjects
1-20 whose results are summarised in Tables I and 3.
The double circles represent the results in five subjects
who failed to pass 80% of the ingested pellets.
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Fig. 3 Faecal dry weight in g124 hours. Results of
68 five-day faecal collections made by 20 subjects.
Each subject made two to six collections. Each closed
circle represents an individual collection by subjects 1-20
whose results are summarised in Tables 1 and 3. The
double circles represent the results offive subjects who
failed to pass 80% of the ingested pellets.

Individual stool size was significantly correlated
with the interval between bowel motions in women
(r = 0 806; p < 0-01), but not in the males. There
was no correlation in either sex of transit time and
dry weight, transit time and individual stool size,
interval between bowel motions and wet faecal
weight or dry faecal weight, or individual stool size
and wet faecal weight.

In the females, there was no clear relationship
between transit time or faecal measurements and
the phases of the menstrual cycle. Endocrinologic-
ally, there are three main phases during a 28-day
menstrual cycle-the oestrogen peak phasewhichis
around ovulation, the progesterone peak phase
which is around nine days later (and is associated
with a second smaller oestrogen peak), and a low-
oestrogen, low-progesterone phase which is roughly

20 eight days in length and contains the menstrual flow.
The design of our study was such that the stool col-
lection periods were not necessarily included within
the three endocrine phases. The six women not
taking contraceptive tablets had menstrual cycles
of 22 to 35 days. If their data are related to a theo-
retical 28-day cycle, 23 of their 30 stool collections
(at least four of the five days) fell into one of the
threemenstrual endocrine phases. Ofthese 23 collect-
ions, eight were made during the low-oestrogen,
low-progesterone phase, seven during the oestrogen
peak phase, and eight during the progesterone
peak phase. Statistical comparison of the data
from the three phases showed no significant
differences.

Discussion

This study has shown wide variations in faecal
measurements and transit times, not only between
individuals but also on repeated measurement
within the same individual. These variations were
as great in average faecal wet and dry weight and
faecal volume, measured overfive days, as in transit
time measured over a similar period, and substaniti-
ally greater in the case of individual stool size.
This suggests that much if not most of the observed
variability of transit time as measured by Hinton's
method is due to genuine biological variations in
colonic function.

a0 In support of this belief is the fact that the more
complicated measurement of 'mean transit time'
does little to reduce person to person variation.
Thus, Cummings et al. (1976) found the mean transit
time to range from 0 7 to 4 0 days in their studies
on six healthy subjects, and this variability persisted
when the subjects ate a standard diet, the range
still being 1-2 to 4-8 days. Nevertheless, foraccurate
comparisons of transit time in different groups and
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on different regimes it is probably desirable to use
a mean transit time technique, because this eliminates
the arbitrariness of a particular cut-off point such
as the 80% passage of pellets. The single stool tech-
nique of Cummings and Wiggins (1976) appears
attractively simple as well as accurate.
The inherent variability of faecal and transit

measurements probably explains many apparent
inconsistencies in the reported effects of dietary
fibre on colonic function (Fantus et al., 1941;
Hoppert and Clark, 1942; Streicher and Quirk,
1943; Eastwood et al., 1973; Connell and Smith,
1974; Findlay et al., 1974; Parks, 1974; Durrington
et al., 1976). When a subject is given bran, he may,
by chance, be about to experience a large prolonga-
tion of transit time. In this event, although bran
may result in the prolongation being less than it
would have been, nevertheless, to an observer it
will seem as if bran has been responsible for pro-
longing his transit time. Experience with the mean
transit time technique, though limited, suggests that
ironing-out day to day variations in transit rate
does make the effects of bran appear more
consistent (Cummings et al., 1976).
The extraordinary variation in the size of indi-

vidual stools indicates the great importance of
collecting stools for several days when meaningful
information is required about an individual's stool
weight. In contrast, our study showed remarkably
little variation in the water content of the stools.
We are unable to explain why only in the women

was there found to be a correlation between transit
time and wet weight, and individual stool size and
the interval between bowel motions. Similarly, we
cannot explain why only in the males was there a
correlation between individual stool size and faecal
dry weight.
Our attempt to relate transit time and faecal

measurements to the phases of the menstrual cycle
was unsuccessful, but this could have been due to the
small numbers involved as well as to the unknown
variable of the time of ovulation. The assignment
of faecal collections to the various endocrine phases
was not supported by serum hormone measurements.
It has been claimed that 64% of women notice a
change in bowel habit with menstruation (Rees and
Rhodes, 1976). We found no objective evidence of
this and are not aware that any such evidence has
been published.

In conclusion, it is clear that healthy subjects
show wide spontaneous variations in colonic function.
These must be taken into account in planning
studies on the effects of drugs or diets on colonic
behaviour and in making epidemiological com-
parisons.
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