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Transit through the gut measured by analysis of a
single stool
J. H. CUMMINGS' AND H. S. WIGGINS
From the Medical Research Council Gastroenterology Unit, Central Middlesex Hospital, London

A method is described for measuring transit time through the gut which requires the
collection of only one stool. A dose of 20 radio-opaque markers is given to the subject on each of
three consecutive days with breakfast, each dose of marker being of a different type. The first stool
passed after rising on the fourth day is collected and its marker content analysed. The method has
been validated in 15 subjects by comparing it on 36 occasions with mean transit time measured by a
continuous marker technique (MTT-C). In 35 of these studies transit measured from a single stool
(SST) and MTT-C were significantly correlated R = 0-78 P < 0 001. In one study the designated stool
contained none of the SST markers. An alternative way of validating the SST method is described
by comparing it with the average of the three mean transit times from three separate doses of marker
(MTT-S). The average MTT-S agreed very closely with MTT-C in 36 studies R = 0 94 p < 0 001
and proved a satisfactory alternative method for validating transit techniques. In a total of 66 studies
in 22 subjects average MTT-S correlated significantly with SST, R = 0'85 P < 0 001.

SUMMARY

Transit time-that is, the time it takes for a marker
to pass through the gut-has been measured using
a variety of techniques since the original observations
by Hertz using bismuth (Hertz et al., 1907). A number of authors have described methods in which a
single dose of marker is given, such as coloured
glass beads (Alvarez and Freedlander, 1924),
carmine (Mulinos, 1935), seeds, cotton, ball-bearings
(Burnett, 1923; Hoelzel, 1930), radio-isotopes
(Hansky and Connell, 1962), radio-opaque polyethylene pellets (Hinton et al., 1969), a radiotelemetering capsule (Connell and Rowlands, 1960;
Holdstock and Misiewicz, 1970) or a radio-isotope
capsule (Rosswick et al., 1967; Kirwan and Smith,
1974) and transit calculated from the appearance
of the marker on x-ray or in successive stools.
These methods require either the collection of faeces
for five to seven days or repeated x-rays of the subject
and at best give a valid measurement of only the
mean value for a group (Cummings, et al., 1975).
An accurate estimate of the average time a marker
spends in the gut may be obtained by feeding the
marker continuously to subjects for several weeks
and measuring its output in the stools (Davignon
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et al., 1968; Cummings et al., 1975). However, this
technique is too exacting for both subject and investigator for routine use. Neither this nor other techniques combine accuracy with convenience for the
subject, and those using radio-isotopes or x-rays
are unsuitable for epidemiological studies.
While looking for a suitable method for use on an
epidemiological scale, it was suggested to us that,
if separately identifiable markers were given to a
subject on successive days, it might be possible to
estimate mean transit time by analysis of a single
stool. This paper reports the development of this
technique for practical use and assesses its accuracy.

Methods
SUBJECTS

Twenty-two healthy male subjects aged 21-33 years
who were either university students or members of
staff took part in the studies. The procedure was
fully explained to them and was done with their full
consent.
MARKERS

The four markers used in the study were:
1. Radio-opaque pellets (Portex Ltd.) which were
approximately cube shaped, mean weight 31 mg,
specific gravity (SG) 1-25.
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2. The pellets in (1) were cut into four small five markers with every meal (15 markers per day)
pellets of mean weight 7-8 mg and SG 1-25.
for from four to 12 weeks (MTT-C). Throughout
3. 1 1 mm sections were cut from radio-opaque this period all the stools were collected and the
tubing, external diameter 3 0 mm (Portex R4); number of markers present in each was found by
mean weight 8 mg, SG 1-63.
x-raying the stool. MTT-C was calculated from the
4. 1 1 mm sections were cut from radio-opaque difference between the total marker input and total
tubing of external diameter 4 5 mm (Portex R5); markers recovered (Cummings et al., 1975). Eight
of the subjects were taking an ad lib diet and seven
mean weight 16 mg, SG 1-63.
All four markers could be clearly distinguished were on normal but controlled diets. While these 15
in the stool and were interchangeable, as they behaved subjects were taking the continuous marker, they
were given on 36 occasions a dose of 20 of a different
similarly in the gut (Cummings et al., 1975).
marker on three successive days with breakfastthat is, three doses each of a different marker.
DEFINITION OF TERMS
Mean transit time (MTT) is the average time A value for SST was calculated for each stool passed
which contained any of these markers.
marker takes to pass through a system.
A further group of 15 subjects (seven of whom
MTT-S Where the marker is given as a single dose
had not taken part in the rest of the study) took,
the MTT is calculated,
on 30 occasions, the three single doses of marker
i=n
on successive days and collected their stools until all
ti
Xi
2
the markers had been recovered. Overall, therefore,
MTT-S (h) = _= l
the
SST method was performed on 66 occasions in
E Xi
22 subjects. The type of marker given on each day
i=1
where xi is the number of radio-opaque pellets was randomised among the studies.
present in a stool passed after time interval ti.
MTT-C Where the marker is given continuously CALCULATION OF SST
to the subject the MTT is calculated from the turn- For each stool which contained markers the average
over time, which is the same as the MTT (Zilversmit, transit time for the markers in the stool was calculated. In order to identify the best way of calculat1960).
ing the data and which stool was the most appropriMean marker
ate to choose, the markers were analysed in two
pool size
main ways:
MTT-C = Turnover time =
Number of markers
ingested daily
1. Two-marker analysis Based on markers given
Mean marker pool (MMP) is the sum of the pro- on day I and 2 only.
ducts of the number of markers (Xi) and the period
+ t2 S2
SST = tl S1
of time (ti) during which that number of markers are
+ S2
S1
present in the gut. The total number of periods is
determined by the frequency with which the number ti = time from ingestion of day 1 markers to time
stool passed;
of markers present changes either by ingestion or
defaecation and includes the final period from the si = number of markers from day 1 in stool.
last change to midnight. It is the average number of t2 = time from ingestion of day 2 markers to time
stool passed;
markers present in the gut during the day in question.
S2 = number of markers from day 2 in stool.
X n
Two-marker analysis was done on the first stool
: xiti
passed after rising on day 2, 3, and 4.
MMP_ i = 1
nl
ti
i t=
The denominator should equal 24.
Single stool transit (SST) is the mean transit time
of marker calculated from the analysis of a single
(previously nominated) stool.
1=

i

PROCEDURE

In order to have an accurate measure of transit
with which to compare the SST, mean transit time
was estimated in 15 of the subjects by giving each

2. Three-marker analysis Based on all three
markers given
Si + t2 S2 + t3 S3
SST = t1
S1 + S2 + S3

ti siL and t2 S2 as defined above.
t3 = time from ingestion of day 3 markers to time
stool passed.
S3 = number of markers from day 3 in stool.
Three-marker analysis was done on the first stool
passed after rising on day 3, 4, and 5.
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If the first stool passed after rising on day 3 was, in
fact, passed on day 4 or even day 5, then the results
for SST assigned to all three days would be the same.
The studies were also analysed in a second way:
if there were only one or two types of marker present
in the stool then the calculation was based on all
the markers present. If all three types of marker
appeared in the stool, then the marker present in
the smallest proportion was counted as zero, and the
analysis based on the others-that is, SST was
calculated by reference to the two markers present
in the greatest numbers only. In the rare event of two
of the three markers in the stool being present in
equal numbers with more of the third marker present,
then the calculation was based on all three markers.
Results
The mean transit time measured by the continuous
marker method (MTT-C) has been used as the reference by which to compare values for transit obtained
by the simpler SST technique. The average value for
MTT-C obtained for this period during which the
SST markers were excreted is used for the comparison. During these studies, the SST markers were
given on 36 occasions. SST has been calculated from
the markers present in each of the designated stools
-that is, those passed after rising on day 2, 3, 4,
and 5-and the data for each day correlated with the
MTT-C values. The Table shows the correlation
coefficient and regression equation for each group
of SST values compared with the MTT-C. From
this, it may be seen that the day 4 stool combines
the best correlation and regression data when
analysed by the three-marker method; r = 0 78
y = 0 66x + 18.
Stool analysed

R

M

C

2-marker method
Day 2
Day 3
Day 4

0593
0 608
0-651

0 53
0 40
0 45

7
30
39

3-marker method
Day 3 i*
iit
Day 4 i*

0 764
0-791

0-44
0 47
0-62
0-66
0-67
0-68

24
22
21
18
31
29

iit

Day 5 i*
iit

0-763
0-781
0-740
0 737
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The result for SST is improved by calculating it
from the two markers present in the greatest proportion in the stool, rather than all three markers,
and this method of analysis has been adopted for the
statistical calculations in Figs. 1-3. Figure 1 shows
the SST data derived in all 36 studies from the day 4
stool calculated from the two markers present in
the greatest numbers compared with the MTT-C.
The correlation is highly significant (p < 0-001)
and the predicted values for MTT-C from the
regression equation are reasonably good at both
ends of the range; 24 h = 34 and 96 h = 81.
In this group of studies the average MTT-C is
65-8 h ± 4.5 SEM (range 35-130) and the average
SST (day 4 stool) 60 3 h ± 3-6 SEM (range 31-118).
When the designated stool contained no markers
the method was deemed to have 'failed'. The absence
of any marker in the stool indicates a transit time
of greater than the time from ingestion of the first
marker to the time the stool was passed. Therefore,
a minimum value for SST can be calculated where a
stool contains no marker. Only one stool in the day
4 SST analysis contained no markers. The minimum
value SST calculated for this stool was 96 h, at
which time the MTT-C was 130 h. This value has
been recorded in Figs. 1 and 3 by a dot and arrowed
line. It has not been included in the statistical
calculations. We have not encountered any normal
subject in a wide range of studies who completely
excreted a dose of marker between taking it at
breakfast one day and before passing their first
stool the next day. One of the 'failures' in the day 5
stool analysis was, however, because all the marker
had already been passed.
As the continuous marker technique is long and
tedious, an alternative method to use in validating
N

Values predicted from
regression equation
24 h

96 h

23
33
35

19
40
50

57
68

33

35
33
35
34
47
45

66
67
80
81
95

35
33

82

94

Number of Mean
number of
stools
with
markers
no markers in stool

17

3

21

1

22

3
3

17

Table Correlation coefficients and regression equations for M7T-C v SST for each designated stool
R:
M:
C:
N:
*:

correlation coefficient.

slope of regression line.
intercept with y axis.
number of studies included in calculation.
values based on analysis of all markers present in stool.
t: values based on analysis of two markers present in largest numbers.

8

13
3
1

16
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calculated for each of the three doses of markers
in the 36 SST studies and an average of the three
ay MTT-Ss takeh. Figure 2 shows the average MTT-S
compared with the average MTT-C for the same
period in these studies. The agreement between
*.
these two methods of measuring transit is excellent
,'
121o
and therefore the MTT-S from three consecutive
. ,,' +
,:
*:
doses provides an alternative and simpler method of
validating a transit method.
On this basis, a further 30 SST studies were done
,,' *
*
a0 ,,,
in a group of 15 subjects not taking a continuous
* * '- *marker, some of whom had participated in the earlier
S.S.T.
*j'
*.
part of the study. The average MTT-S was calculated
(h)
*
and also the SST (day 4 stool) for each subject.
0
In Fig. 3 are shown the average MTT-Ss plotted
4
against the day 4 stool SST for the whole of both
'4
R *78
groups studied; 66 SSTs in 22 persons. It may be
Y,*66x +18 seen that transit time is predicted with reasonable
accuracy by the SST method compared with data
Lo_____________________ . , ._ derived from a seven to 10 day faecal collection.
O
120
Only one stool in the whole group contained no
40
so
MTT-C |h)
markers, as already indicated.
lb

Fig. 1 Average MTT-C during the period in which the
SST markers were excreted correlated with the SST
from the day 4 stool calculated from the two markers
present in the greatest numbers. N = 36.

transit techniques was looked for. When a single dose
of marker is given and is completely recovered in
the stools, then the mean transit time may be calculated for that dose (MTT-S). The MTT-S has been

Discussion

On the basis of these results, transit time through the
gut may be found by collecting and analysing only
one stool by the following procedure:
1. A dose of 20 markers is given to the subject
on three successive days with breakfast, using a
different but comparable marker on each day.
2. The first stool passed after rising on the fourth
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Fig. 2 Average MTT-C (as Fig. 1) correlated with the
of the 3 MTT-Ss in each study. N = 36.
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Fig. 3 SSTfrom day 4 stool (as Fig. 1) correlated with
the average MTT-S in all studies. N = 66.

Downloaded from http://gut.bmj.com/ on November 19, 2017 - Published by group.bmj.com

Transit through the gut measured by analysis ofa single stool
day is collected and the amount of each marker
present is estimated.
3. The data is substituted in the equation
SST

tl
=

S1 + t2 S2
S1 + S2
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for both epidemiological studies and as a hospital
outpatient procedure.
The authors are grateful to the volunteers who took
part in the study without whose cooperation it
would not have succeeded. Dr E. N. Rowlands
has given helpful advice and criticism and Mrs
Penelope Stuart administered the project for which
we are indebted to her. The original idea came
to us via a working party on colon cancer of the
International Association for Cancer Research

where t1 and t2 are the time in hours from the ingestion of the two markers present in the greatest
number in the stool to the time the stool is passed,
and si and S2 the number of each marker present.
If no stool is passed on day 4, then the first stool to
be passed either on day 5, 6, or whenever passed is (Lyon).
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