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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 Dcpartment of Afédit‘iue, Bristol Royal Infirmary, Bristol 3

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, faccal 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. Faccal water content was relatively constant. There were no significant differences
between males and females, and in the females there werc 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 of the facces and in the intestinal
transit time of healthy subjects, because correlations
have been pointed out between these characteristics
and the prevalence of various diseascs of the large
bowcl, including appendicitis, diverticular discasc,
polyps, and carcinoma (Burkitt, 1971: Painter and
Burkitt, 1971; Burkitt er al,, 1972; Walker et al,
1973; Clcave, 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
pclicts, they reported that, in 25 healthy men,
duplicate measurements varied by as much as three
days. This variability has somctimes becn taken as
indicating poor repeatability of the method (East-
waod ef «l., 1974; Cummings et «l., 1976). Certainly,
some variability is inevitable from the fact that the
method uses as an arbitrary end-point the time at
whicl the stool is passed containing the 20th of 25
ingested pellets. However, it is po-sible that much
of the variability is due to genuine biological varia-
tion. Comumon expcricnce suggests that colonic
function does vary considerably from time to time,
especially in those who travel or icad irregular
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or stressful lives. If biological variation is the main
cxplanation of variable transit measurements, then
other parumeters of colonic function should vary
in time to a similar degree. We have examined the
variability of faccal 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 cycie.

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
activitics. The women were asked to eat their usual
dict but to attemnt (o eat about the same amount of
fibre-containing loods every day. The only drugs
taken were contraceptive pills by four and an iron
preparation and an antihypertensive by one. The
nen used no medications and were given written
dictary 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 ep al., 1977, in preparation). This method
was similar to the systems deszribed by Hoffman
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eral. (1973) and Glober et of. (1974). Stool collections
always began on a Sunday morning and continued
‘Tor five days. The women began their fiest collection
on the Sunday after menstrual flow had begun and
made further collections each week till the menses
recucred. The men each made two collections,
separated by three to 11 weeks {Wyman er al., 1976).

Transit time was determined by the mcthod of
-Hinton et al. (1969), using 25 3 mm barium-
impregnated polyethylene pellets  (Portex L.,
Hythe, Kent), and the time of appearance of 80%;
of the pellets as the end-point. Stools were weighed
and x-rayed individually, then cach five-day collee-
tion was pooled and blended with 2 roughly equal,
Known volume of water, Subtraction of the water
volume yielded an estimate of faccal volume,
Faecul dry weight was calculuted from the weight
of a freeze-dried aliquot of known volume, Defaeca-
tion frequency and the average interval befween
bowel actions was calculated from the recorded dates
and times of individual stools,

Results

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

.and water content was significantly less variable

than any of the other measurcments.

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

Figure I displays the results of all 69 transit time
measurciients. In nine tests (all in femalcs), 80% of
the radio-opaque pellets failed to pass during the
five-day period of the stoo! collection. These pro-
longed transit times, which occurred in five women
{three times in one of them) are recorded as the time

Table | Intestinat transit time qud Jaccal measurement of 10 females

Subjece

Group
- nwan
1 2 3 4 5 6 7 8 9 io
Transit time  §1 78 42 101 57 74 61 13 33 %0 . 82-¢
th) 36y 232 21-5 218 143 20-6 39 120 (L8} 401 SD 16-7
47123 $5-5-97-§ 48.106-S  £0-120 36-73-3  47-599-5 43.81-5 95125 73.99-§ 46-128 279
%6 3t 13§ 216 251 2718 22-8 106 16:0 446 SO 11-3
Wet faecal 100 139 150 123 122 127 138 87 134 99 . 128-7
weight 347 384 3.2 15-8 346 438 325 13-3 26-4 247 SD -8
(8124 h) 70-132 98- 14y 121-233  95.137 94-180 75-198 99-184 72-100 96-159 65-123 238
277 274 3-8 128 234 383 2)-6 15-3 206 249 SDé&6
Dry fascal hE K 333 -t 169 Jo-2 2333 326 253 19-8 19-8 3t-6
weight 76 LR ] 3-7 46 63 13-2 54 49 67 56 SD 66
(g/24 h) 20°2-35-3 24:4.40-1 37-8.44-9 29.9.49-( 25:9-31-0 13-842-) 286-41-7 21-2.309 358.5-3 10-5-28-2 222
26-2 26-4 89 12-4 209 466 16-4 19-4 16-7 28§ SD 106
Water content 733 76-3 768 69-7 748 77-4 75-8 70-8 68-4 80-2 74-3
($24] -7 45 41 23 36 9-7 37 19 39 33 SD 38
71-18 72.31 73-81 66-73 72-30 63-38 71-8¢ 69-74 63-74 7584 32
3 59 54 34 48 12-8 49 2-7 57 41 sSoD s
Faecal volume 106 128 169 127 133 137 168 %0 149 104 131
{ml;23 h) 242 316 %63 18-3 269 68-2 431 14-2 260 19-4 SD 260
T0-11) 98-162 127.210  v6-142 104-178  48.211 114-229  74.106 11174 77928 232
26 26 218 14-4 19:s 193 26°1 15-8 17-s 18-7 SD 10-2
Stovl frequency 1-10 -2t 1-25 0-69 1-50 093 i-44 1-32 1-27 0-8% 116
- (motions 23 0 3R 018 0-36 0-14 0-13 . 019 0-22 0-42 009 0-10 SD 026
hy Q-1-1-6 1-0-1-4 0-7-1-§ 0-5-0-9 1-2-1-9 0-7-1-2 1-2-1-8 0-7-1-8 1-2-1-§ 0-7-1-0 20-8
. 338 13:9 88 20-3 220 20-3 15-3 318 71 116 SD 39
Size of indi- Y9 108 137 179 12 138 98§ 66 108 113 1nt-3
vidual stools 2§-3 29 a7-3 AR | 19-1 540 50-1 39-2 331 %6 SD 32-8
() 10-4-170 4 6-7.330-1 1y 6-327-1 120-6-224-3 19-1.167-8 61-9-229-6 8-3-201-9 7-6-175-2 39-6.208-0 17-0-331-8 49-3
313 67§ 63-7 18-5 60-2 . 40-0 522 59-4 s &7-% SD 176
taterval 0 . wmoe 208 JR-3 166 . 266 16-8 20-4 19-3 28-2 22-7
between 79 29 89 73 3-8 S5 2-$ 9-0 13 36 SD 6§
motians (h) 1%.34 17-24 15.3¢ Ji.s2 13-20 20-38 13-20 14-36 17-20 25.33 23-4
410 147 47-0 15-7 20-7 19-6 131 428 59 10-2 SD 150

. In each block are shown mean, standurd deviation, range, and coziticien
means and coellicients of variation, with standard dzviations. Forty-nine

collcctions.

t of varintion, In the

Eroup mean culumn are shown the means of the
five-day collcctions were made, with each subject miaking four to six
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Table 2 Cocfficicnts of variution Jor transit time amd
Saecal measurements in 10 health 3 wonnen

Comparison with
transit time
Alean

SO —_————
s [ 4 14

Transit time 279 11-3 — —_
Wet fuccal weight 23-8 66 1-3t NS
Dry faccal weight 22:2 10-§ 1-37 NS
Watee content” 32 1-5 6-09 <0001
Facecal volume 23-2 102 1-10 NS
Stool fregueney 20-8 89 1-69 NS
Individual stoul size  49-3 17-6 ~-3-34 <0-00t
Interval between -

motions 234 15-0 081 NS

Each faccal
test,

cent is pared to transit time using 3 paired ¢

of the total faecal collection. Figure 2 displays the
results of 69 mecasurcments 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 frecze drying. The figures
show the great variability of colonic function both
within and between individuals.

Using both Student’s ¢ and rank tests there was
no significant difference between men and women in
any of these mcasurements. No relationship was
scen to age, body weight, or body surface area,
Only in females was there a significant negative
correlation between transit time and wet faccal
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).

8 .,

10 ( b

Transit
time.hours

I
" |
i

]
lillst’l'ﬂll!ull'!."
Subjects

Fig. 1 Imtestinal transit times in hours. Resulrs of

69 five-day fuceal collections made by 20 subjects. -

Each subject made two to six collections, Each closed
circle represents an individual colfection by subjects 1-20
whose results are summarised in Tables 1 and 3. The
double circles represent the resules in five subjects making
nine collections who fuiled to pass 80%; of the ingested
pellets; total collection time is considered transit tinme

in these subjects.

Table 3 Inrestinal transit time and Juecal measurements of 10 males

Subject Group
mean
1 12 13 14 15 16 17 18 19 20

Truansit time 99 94 62 37 68 90 20 23 33 69 63-8
(h) 71285 70,117 51-5,73 14,39 52,808 73,110  62,97-8 22,23 22-5, 47 623, 74-8 SD 266

Wet faceat 76 153 230 86 149 57 153 187 113 108 130-9
weight 58.94 127,178 177, 283 30, 91 144, 184 30, 33 133,177 167, 206 100, 125 99, t10 SD 536
(g/24 n) -

Dry faecal 221 43-7 425 20-6 349 19-6 338 328 Jo-o 18-7 Jo-o
weight 17-6,26-S 43-8,43-5 412, 438 17-1,24-1 25-8,44-0 148, 244 31-2, 367 3v-3,38-3 29-6, 30-¢ 17-8, 19-$ SD 9:%
(/24 h) g, 3

Water content 71 S 7. 74 76 76. 7" 76 83 73 82 75-0
[ $24 70, 72 66, 74 73,78 70. 81 89, 8 70, 7¢ 74,77 82, 83 70, 76 20, 83 $D4)

Faccal volume 82 (-4 188 k3 150 83 150 196 130 127 138-2
(mi723 h) 69. 98 139,222 175,193 92,103 147, 183 65,104 20, 180 193, 198 122, 138 120,138 SD 414

Stoo! fre. 18 23 10 20 < 1-3 1-1 12 1-0 1o o7 - 0-96
qucncy 06-2-9 1-9-2.9 0-S-1-7 1-9.2-¢ 0-9-2-0 0-3-20 0-3-28 0-9-1-0 0-9-4-1 0-1-1-9 SD o3

. {motions/24 h) :

Siee of indi- 127 282 152 140 208 78 142 149 1$1 62 1323
vidual stoals 33-240 151432 72-260 89-191 60-31¢ 20-124 66-288 59-301 37-186 32,148
(2 SN 92-3  107-7 63-1 36-¢ 97-5 37-1 71-8 679 477 309 SD 534

Interval 43 s6 2s 49 . Jos 26 23 24 b} 16 230
between 13.68-5  46-5-69-3 11-40 46-51-5 248 6-49 6-5-67-8  22.33-3  23.35.8 3-5-28
motions (h) B-9 32 38 -6 6-1 69 3-9 0-) 0-4 23 $D 92

In each block are shown the m2an and twe individual vajues. In addition, standaed deviation i
between bowel motinns, and group muan. Each subjeet made two five-day faceal coflcetions.

s shown fue size of individual stools, iniervat
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Fig. 2 Fuecal wet weight in gf24 hours. Results of
69 five-day fuecal collections mude by 20 subjects.
Euch subject made two to six collections. Each closed
circle represents in individual collection by subjects
1-20 whose results ure sunnnarised in Tables 1 and 3.
The double cireles represent the results in five subjects
who failed to pass 30, of the ingested pellets,
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Fig. 3 Fuccal dry weight in g[24 hours. Resulrs of

63 five-duy fuecal collections made by 20 subjects.

Euach subject made two to six collections, Euch closed
circle represents an individual collection by subjecrs [-20
whase results are sunmarised in Tubles I and 3. The
double circles represent the results of five subjects who
Juiled to pass 80, of the ingested pellets,
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Individual stool size was significantly correlated
with the interval between bowel motions in women
(r = 0-806; p < 0-01), but not in the malcs. There
was no correlation in cither sex of transit time and
dry weight, transit timc 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 ol the meustrual cycle. Endocrinologic-
ally, there are three main phases during a 28-day
menstrual cycle—the ocstrogen peak phase whichis
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
eight days in length and contains the menstrual flow.
The design of our study was such that the steol 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'3$5 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
three menstrual endocrine phases. Of these 23 collect-
ions, cight were made during the low-cestrogen,
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
difTerences.

Discussion

This study has shown wide variations in faccal
measurements and transit times, not only between
individuals but also on repeated measurement
within the sume individual. These variations were
as great in average faecal wet and dry weight and
faecal volume, measured over five days, as in transit
time measured over a similar period, and substanti-
ally greater in the case of individual stool size.
This suggests that much if not most of the observed

. variability of transit timc as measured by Hinton's

method is due to genuine biological variations in
colonic function, ;

In support of this belief is the fact that the more
complicated measurement of ‘mean fransit lime'

- -does little to reduce person to person variation.

Thus, Cununings et al. (1976) found the mean transit
time to rarige from 0-7 to 4-0 days in their studics
on six healthy subjects, and this variability persisted
when the subjects ate a standard dict, 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 8097 passage of pelicts. 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 appacent
inconsistercies in the reported effects of dictary
fibre on colonic function (Fantus et af., 1941;
Hoppert and Clark, 1942; Sireicher and Quirk,
1943; Eastwood ¢# 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, althoiugh bran
may result in the prolongation being less than it
would have been, nevertheless, to an observer it
will scem as il 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 (Cumuinings cf 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.

e 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
corrclation between individual stool size and faecal
dry weight.

Our. attempt to relate transit time and faecal
measurements to the phascs of the menstrual eycle
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 faccal colicctions to the various endocrine phases
was not supportcd by scrum hormone measurements.
It has been claimed that 64% of women notice a
change in bowel habit with menstruation (IRees and
Rhodes, 1976). We found no cbjcctive evidence of
this and arc not aware that any such evidence has
been published. . . i

In conclusion, it is clcar that healthy subjects
show wide spontancous variations in colonic function.
These must be taken into account in planning
studics on the effects of drugs or diets on colonic
behaviour and in making epidemiological com-
parisons. i
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Required Number Of Sponges Based On Stool Size

Table Men:

Coufidence Level Stool Size Number Of Sponges
Average 250 | I e
90 % 291 R &
95 % 305 L3
99.5 % 346 15
Table Women:
Confidence Level Stool Size Number Of Sponges
Average 237 K ()~_ __—;
90 % 266 A o
95 % 275 N
99.5 % 304 13

. Table People:

Confidence Level Stool Size Number Of Sponges
Average 243 “—.A___..:] !
90 % 267 12 _
95 % 275 2z
99.5 % 295 13
Note: -

Sponge Size - 20 * 20 * 57 un
Saturated Weight - 23 gm

Source Of Data - Variability of Colonic Function in Healthy Subjects by 113, Wyman,

K.W. Heaton, A.P. Manning & A.C.B. Wicks from the Ustiversity Departiment of
Medicine. Bristol Roval lufirmary, Bristol.
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