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variabi l i ty of colonic function in healthy subjects
J .  B .  w Y l v l A N , r  K .  w .  H E A T O N ,  A . P .  M A N N I N C ,  A N D  A .  C .  B .  W I C K S

From tlte Univertitl, Dcportnrcn! of l[edicine, Bristol Royal lr(irnorl', Bristol

su l \ t l \ t^RY Trventy heal thy subjects eat ing norml l  d iets  nrndc repeated f ive-day stool  co l lect ions,
the l0  females nraking thei r  co l lect ions in  lour  to s ix  successive rveeks.  I r r  most  subjects there r r .ere
s t r i k i ng  va r i a t i ons  i n  t r ans i t  t ime ,  measu red  by  l l  i n ton ' s  r r re thod .  The  va r i ab i l i t y  o i  ave raee  f t r ecn f
lve(  and dry rveight ,  laccal  vo lurr re,  and the f requency of  delaecat ion rv i ts  eqtra l ly  great ,  sugeest in_e
that  the t ransi t  t ime var iat ions were genuine.  The s ize oI indiv idt ra l  s tools  vrr ied iuen mote,  of te i
tenlo ld or  moie.  Faecel  \ \ 'a ter  conteni  rvus re lat ive ly  corrstant .  There rvere no s igni f icant  c t i f ferences
bctrveen nta lcs and females,  and in the lemales there rverc no obvious changes re lated to the phases
of  the nrenstru l l  cyc le.  The nornra l  rar iabi l i ty  of  co lonic  funct ion shoul tJ  be taken into account  in
p lann ing  e \pe r imen ts  and  i n  i n te rp re t i n_e  ex i s t i ng  da ta .

In recent  years in tcrcst  has bcen renerved in the or  s t ressfu l  l ives.  l f  b io logicat  var iat ion is  rhe main
bulkant l  cor ts is tet tcyof  thcfaeccsandintheintcst inal  cxplanat ion o[  var iuble r ransi t  nrersurenrents,  then
trunsi t  l in te of  hc i r l thy subjects,  bccause corrc lc t ions othcr  parunreters of  co lonic  funcr ion should rary
have [qqt l  poi t l (ed out  betrveen these character is t ics in  t ime to u s i rn i lar  dcgrce.  We har .e examined thc
and thc prcvalct tce of  var ious d iseascs of  thc large var iubi l i ty  of  faccal  weight ,  r 'o lumc,  and f requencl , ,
boucl ,  inc luding appcndic i l is ,  d ivcnicular  d iscasc,  as wcl l  as of  t rnnsi t  t inrc mcasured b1.  l { in ton;s
polyps,  and c i t rc inoma (Burk i t t ,  t97 l :  Painter  and nrethod,  in  20 hcul thy subjects.  Since these inc luded
Burk i t t ,  l97 l ;  Burk i t t  er  a l . ,  1972;  Walker  c l  n / . ,  t0  rvorr ren,  rve took l l re  opporruni ty  of  looking for
1973;  Clcave,  1974).  wi th so much emphasis bc ing rhythmical  var iat ions of  co lonic  funct ion dur in!  thc
la id on thcsc measurenrcnts,  i t  is  obviously  important  nornra l  n lenstrual  cyc lc .
lo knorv horv nlush thcy vary from tinre to timc in
normal  subjccts.  Surpr is ingly ,  l i t r le  has bcerr  Nlcthods
publ ishcr l  on th is  point .  When Hinton et  a l .  (19691
dcsc r i bed  thc  t cchn ique  o f  n reasu r i ng  r vho l c -gu t  _ . . _ ._  -__
transi t  t ime rv i rh rhc usc of  rac l io-opaque pta i r ic  lY:T. : l t^ . -  - . . -
pcllcts. l lrey reporred rhar, in 25 hcattht ;;;, l l^t,t l ,oit^tT,studied 

were l0 ntales and l0 females,
dupticare nrcasuremcnts varied by as much rs tit;;; i !:,t^t-t^T,11J:1r:-cxccpt 

for one bov aged ll lcars
days.  This var i : rb i l i ty  has sorncr inre,  U. .n tof .n ' i i  i " j  9 .1:  

g i r l ,a-ged l5 years,  a l l  pursuing thei r  normal
indicrrirrg poo, ,.p..r"birirv of the nrcthocr (F.asi illll.,lliJli.i,"';il';'#:tlllili:":::'}i':,,'11:iwood cr ul., lct14i{urnmings et ul., l9l6). Certainly, ;r,- '^'__'.-_,_;_-_
some var iabi l i ry  is  inevi rablc  f ronr  rhe fact  t6 , , i ' i i i ;  

f ibre-conta in ing.  foods ercry day '  The only drugs
mcr l ro<l  uscs as an arb i r rar l ,end-poinr  t r r .  r i , r . ,c  " i  l1 ! : i - : . :1 :  

torr t r ' 'scpt ive p i l ls  by fot r r  and an i ron
wtr ich rhe stool  is  passed conr l in ing the tgrh; ;  i ;  ! :^ t l t . l i : : l ' l ^ "nd 

an arr t ih l 'per tcnsive bv one.  The
ingesrcd pc l lers.  l lor , r .cver ,  i t  is  po, .s ib l :  t l . . . r t  , , * i r ,  l I :_Tt l  l : .medicat iorrs .and 

* 'cre g i ren rvr i t ten

of  t l re  var iabi t i ty  is  due to genuine b iotogicat  uai i l -  : l : l : | . f . : f ] ]c t io t ts  
a imed at  s tandardis ing thei r

tion. conrrnon expcricnce suggesrs ,no, .otl,.,L 
daily intake of f ibre'

f r rnct ion does vary considerably f rom t i rne to t ime,  pRocEr)uRE
cspeciallv in those who tra'cl or lcad irregular ;; i l i l i lwns provicrett wirh a conr.enienr odour-
,r,,(,*,r ,rrrrr,*ri rrr:r,rh6crrr crinic. Mu,rhricrd. wiscor*in, :::""tffffi"|jlil,li*"i,i".?l"ll.i,i ;[:J""?rH;l lsn 

(wynran et  u l . ,  1977,  in  prepaiar ion) .  This  nrerhod
Reccivcd ftrr publication 2 Scptcnrber 1977 was similar lo thc systems dcs:ribccl by Hofl 'man
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llariohiliry o/ colonic ftrncrion itt ltcolth.v sttbjccts

e t  o  l .  (191 ]  |  a r rd  G lober  ( .  I  t ,  l .  \ lg7  q) .Sroo l  co l l cc r  ions
: l rva ls  bcgar r  o r r  a  Sunday ,n r , . , i , . ,g  a , i l  con t i r rued

_. lbr f i re _da1s. Tlrc rr.eq16s1 [.cgarr t l rcir  f i rst col lcct ion
or r  t l r c  Sunda l  a f rc r .n rens t ru r l  l l o rv  h rd  bcg t rn  and
madc fu r ther  cor rec t io 's  eacr r  r rcck  t i t i  t t r "  rne .scs
recur red .  T l rc  r r rcn  each rpadc  tg .o  qa11aa, ,aar ,
scparared  b) .  th rcc  ro  I l  s .cc ls  lWyr r ra r r  c r  u l . ,  1976) .

Trans i t  t in rc  r r . . . rs  de ternr incd  by  t l re  n re t l rod  o f- l J in ton  c ' !  o l .  I  l9 f i9 ) ,  us ing  l5  
' i  

rn rn  l x r r iu r r r -
in rp regn-ared  po l l c rh l l c . r :e  f , c l l c ts  (p ; ; i . *  L td . ,
H1 rhe ,  Kcnr ) .  and rhe . r ime u f  opp"a io i " .  o f  g09 i
o f  rhe  pe l le ts  as  rhc  end-po in t .  Sroo ls  * .c rc  r . . , c ig t rc r l
a .nd . r : ra )ed  ind i r i rJua l l y .  ther r  cuch f i ve- tJ ly  co l l cc -
l ion  rvas  poo led  cnd b lc r rded ,u i th  a  roug- l r l y  equa l ,
knorvn  vo lu rne  o f  r ra te r .  Subt rac t ion  J t l re  n ,a tc r
r  o lunre  l  i c lded an  es t in r r te  " f  facca l  vo lunrc .
Faecul dry rtciqht rr.as calculutcd fronr the rvciglrt
of a [rcr:ze-drir.d al iquot of knorvrr uolu, i ,e. Defu.ca-
t ion  f rcqucnc l  and thc  a ls lngs  in te rva i  bc t rvccr r
borrcl ccrions rras calculutc<l froirr r t . l"  r i .or,t .O d"t.s
and r i rncs  o [  ind iv idua l  s roo ls .

Resu l ts

l r r -  a l l ,  69  f i r .e -dry  s too l  co l l cc t ions  l ronr  thc  20
s t rb jcc ts  r r .e re  a r  u i lub le  fo r  a r ra l l . s is .  Tab lc  I  sunr -
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mar iscs the indiv idual  resul rs  in  thc l0  fcr r ra les for
each of  t l re  e ig l r t  paranrctcrs s tudied.  Eacl r  fernale
mar le bc l r recn four  arrd s i r  co l lect ions.  This per-
n l i t ted the calculat iorr  of  cocl f ic icnts of  var iat ion for
cech subject for each rncllsulcmcnt. Tlrese could
t l rerr  bc corr rpared stat is t icn l l l ,  to  < lc tcrnr i t re rvhethcr
t ransi t  t i tncwi lsa n lore var iablc  nreasurcnrcnt  t l ran
lhe othcr  paranrctcrs.  Tablc 2 shorvs that  thcrc is
no significurrt di[Iercnce betrrccn thc cocfl icicrrts of
var iat ion for  t ransi l  t inrc arrd thosc lor  faefa l  wct
l. igllt l  dry r.r,eight, r,olurne, frequency, or intcrval.
lndividual stool size rvas signil icarlt ly n,ore "oiioUf",
and rvatcr corltent rvas significantiy lcss vrriable
than any of  t l rc  othcr  nre: . lsurcrnents.

Tablc I slrorvs the resulrs of the ttuplicnte studies
in t l rc  l0  nra lcs.  In  th is  cuse,  the sntc l l  nunrbcr  of
s tudies.does not  pcrmi t  s tur isr ica l  analys is ,  but  thc
var iabi l i ty  of  the t ransi t  r inre dara is  not  obviously
greutcr  than that  of  the ot l rer  n lcasurenlcnls .

F igure I  d isp lays the rcsuhs of  a l l  69 t ransi t  r ime
nreusrrrcnlcnts.  ln  n inc tests (a l l  in  lemalcs) ,  gAl  ot
the rudio-opaque pel lus fa i lc< l  to  pass dur in j  the
[ivc-day pcriod of rhe stool collcciion. Thcse-pro-
lorrgcd t r rns i t  t i r r res,  wl : ich occurrcd in  f ivewonlen
(thrcc tinrcs in onc of thcnt) urc recr:rrlcd as the tinre

Tablc I  !nt tsr inul  t runsi t  t i r t r  ut t t l  fuccal  tn(nr t ret , , t . ,nt  o l  l0 fatnr las
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Tablc 2 CocJficit'ntt of t.oriurion fttr !rat$it tirna otti
J( , t 'cnl  ntCo.t r r r t r r tcnts i t t  l0  het t l thS, r .ot t ret t

I lcan .to

Conpatircn r i t l t

-

T r r n s i t  t i m e
W q t  f ; r c c r l  r  c i l h r
D r y  f r c c r l  ' r c i g h t
W r l ( t  c o n t a n t
F r c c r l  v o h r n r c

S t o ( r l  l r r q u ( n c y
I n d i v i d u : l  ! t o u l  r i . e
I n t c r v r l  b t t w t c n

mo I  i ( tn t

l . J t  N S
l ' 1 7  N S
6.09 <  o  oo l
t . t o  N s
1 6 9  N S

- l 5 {  < O 0 O l

21.9
2J .E

J . 2

20. t
49 .1

2 l {

I t  l
6 6

t0 .6
1 . ,

1 0 2
t . 9

t  7 . 6

|  5 . 0 0 . t  I

Transil
limc,horr!

E J c D  r . E i t  n l c t r u . c n r q n t  i s  c o m p a r e d  t o  t r r n r i t  t i m c  u r i n g  |  9 r i . c d  ,lqr l .

of  the tota l  faecal  co l lect ion.  F igure 2 d isp lays theresults of 69 nreasurenrents oi daily faecai wetweight .  F igure j  shorvs lhe resul ts  o i  Oi- r . " r r r . -
.ments of  dai l l '  faecal  dry rveighr .  One at iquoi ( f ronr
subjcct 2) rvas losr during fre-ze dryint. i;; f i ;rr.,
sh.orv lhe great variabil ity ol coloni" f lrn.i ion'Uott
rv i rh in and bct , ,vecn inc l iv iduals.

Using borh Studcnt .s  I  anr l  rank tests there was
no signific:rnt diffcrcnce bcts,c.en t.n.n ,nd ,,*lon,an inany of  t l tcsc nrcusurcnlenls .  No rc lat ionst  io  . r .o ,
T" l  t9  age,  body weight ,  or  body sur face area.
Only in  fcmalcs was rhere u , ;gnin.* i -n.c . t iu .
corrc lat ion bc. t rveen t ransi t  t ime and *e i  iaccultve ight  ( r  :  0  6 l l ;  p  < 0 05) .  Thc nra les denron-
st rarcd a s igni f icant  corre lat ion bctrveen inOi . jOu. f
srool  s izc and dry rveight  ( r  = 0.79J;  p i  O.Of l .

fi9.- t Intcttinol transit tittttt in lrottrs- Retnltc of69 .fi.rc-&ry firccal collctt[ous nocle bt. 1o',,,ilr:,rl
Each tubject nnde lno to si.r collcct'ioir.'i"'r|' ,t"*Ac ir c I e r e p r e s e n t c o n i nd i, id u a t, o t t r ri l io,,i Ll'l r ii"', i' i. zox.hosc rcsults ilre surr,torisctt in Toblcs i'a;;-i: ;r;Jottble circlet rcprescnt thc resnlrs i ,  i r" ,r i i r i , r ' lmkittgnine collections nho fitilctl ro.pass gTil "f,i,iri,iirir,Apellcts; tontl colleetiott !inre is eonsirleicri tranrit'iir,l,
in these nbjccts.

Tabfc I Inrestinal tntnsit tine and fuecol n,eos,renrcnt, of I0 nnlct
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l/arialtilit.r of colotic lrtttctiotr itr lrcrtlth.v strhjt,cts

Fa+cal
slt $€{hl

9F1h

Faeral
d.y weghl

c124h

9ni.ctr

Fig. 2 Fiacal nrt r.eight in gl2l hours. Restlts of
69 litc-doS, ficcul atllcctiotrs trrttde by 20 snbj*.ts.
Euch n$jtct tttutlc tno to tix collcctlons. Eoch closcd
circle rcprcscttts irt inlit,iluttl collection h;, snbjtcts
I-)0 t,hose r<.sul!s ure tuntnrnrisel in Tubles I onl J.
Thc tlotthle cirtles rcprescnt the r?tults in J'ive suhjcctt
r,ho ltilxl to post 301 uf thc ingtstel ptllct.t.
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Indiv iducl  s tool  s ize was s igni f icant ly  corre lated
rv i th  the in tcrval  bctwecn borvc l  r r ro l ions in  rvomcn
(r  = 0.806;  p < 0.01) ,  but  not  in  rhc rnales.  There
was no corre lat ion in  c i rher  scx oI  t ransi t  t i rne and
dry weig l r t ,  t ransi t  t i r r rc  and indiv idual  s tool  s ize.
interval bctrvecn bowel nr<ltions and wet faecal
rveight  or  dry faecr l  wcight ,  or  ind iv idual  s tool  s ize
and rvet faecal rr 'cight.

In  t l re  fcmales,  there was no c lear  re lat ionship
betwecn t ransi t  t i rne oc faecal  mcasurcnrcnts and
the phascs u[ rhe nrerrstrual cycle. Endocrinologic-
ally, there are three nlain phsscs during a 28-day
menstrual cycle-the ocstrogot pcak phase rvlrich is
around ovulat ion,  the progcstcrone pcak phase
rvhich is arourrd nine da1's later (and is associated
with a second sntaller oestrogen pc:rk), and a low-
oestrogen, lorv-progeslerone phase rvhich is roughly
eight  duys in  lcngth and conta ins t l re  nrenstrual  f low.
Thc desi3n of our stuCy t..rs euclr t lrat the stcol col-
lection periods strc not nccessarily includcd rvithin
the three endocrine phascs. The six wornen not
taking contraceptive tablets had rnenstrual cycte3
of  22 to 35 da1's .  I f  rhc i r  data are re lared to a rheo-
reticrl 28-day cjvclc, 23 of thcir 30 stool collections
(at lcast four of rhe fi le rluys) fcll into one of the
three nrcnstrual cudocrine plrascs. Ofthcse 2l collect-
ions, cight were nrade during the lorv-oestrogen,
lorr'-progcstcrone phase. sevcn during l lre ocstrogen
peak phase,  and e ight  dur ing t l re  progesterone
pe:rk phasc.  Srat is t ic ; r l  corr rpnr ison of  the datr
frorn the thrcc phasca showed no significant
diflerenccs.

Discussion

This study has shown wide variations in faecal
tueasurcmcl'rls and transit t imes, not only bctweerr
individuals but also on rcpcatcd mcasurenrent
wi th in the sarue indiv idur l .  These var iat ions rvere
as great in average faecul wet and dry s,eight and
faccal volume, nleasured ovcr l ivc days, as in transit
t ime rncasurcd over  a s i rn i lar  pcr iod.  and substant i -
ally greatcr irr the case of intl ividuul stool size.
This suggcsts ihat much i[ not lrost o[ tfte obscrved

. variabil ity of transit t irne as nlelsurcd by l l irrton.r
tnethod is due to genuine biologicll variations in
colonic  lunct ion.

In support of rlr is belief is thc lact that thc morc
conrpl icatcd mcasurcnlcnt  of  ' rnenn l ransi t  t ime.

. docs l itt lc lo rcduce pcrson lo pcrson variation.
Tlrus, Cunrrnings cr a/. (1976) found the rrrcnn transit

. t inrc to rf,nge fronr 0.7 to 4'0 days irr t lrcir studics
on s;x heall.hl ' subjects, and thic varinbil ity penistcd
s'hcn thc subjccts ate I slatldnrd dict, the range
sti l l  hting 1.2 ro 4.8 d;rys. Nevcrthclcss. foruccurale
conrparisons of lransit t irnc in diffcrcnt groups and

t

!

x

I

Subieclr

fig.-l F,tecal dry n.eighr in gl).1 hours. Resttltt ol
6,i /ire<hy fut'ntl collcctions nntle lty 20 nthjects.
Euch tnbjcct r,ro.le tln.o to .ri.r collectiotrs. &,ch closer!
circle rcprcscttts urt inilitithml collcetion hy nthjeets l-20
rlnua rcntlts .tt'c .tut,nnot.ir(\l in Tublct ! anl j. Tlte
l-<tttble circlcs r.,J,r(seu! the renilts of fr.c subjccts trho
fuilul t,t ytrts 30/. of tlrc iugcstul peilos.

I
I
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on d i f l ! rent  regimes i t  is  probably desi rablc  to usc
a me: ln r rarrs i t  t inrc tcchniquc,  because th is  c l i rn i r ratcs
the arb i t l l r incss of  a par t icu l i l r  cu l -of I  point  such
as thc 80ia passige of  pel lc ts .  Thc s inglc  s tool  tech-
n ique of  Cumnr ings and Wiggins ( t976)  appears
at t ract i r  e ly  s inrp le as ' ,vc l l  as f lccurate.

Thc in l rcrcnr  var iabi l i ty  of  faecal  and t ransi t
mcasurcrncnts prot rably  cxpla ins many npparent
inconsistcncics in  thc repor tcd et tects of  d ic tary
f ibrc on colonic  funct ion (Fantus et  n l . ,  194l ;
Hoppert  and Clurk,  1942;  Srre icher  and eui rk ,

-  f  94 l ;  Eastrvood ct  u l . ,  l91J;  Connel l  and Smith,
1974;  F indlay et  a l . ,  1974;  parks,  t974;  Durr ington
et al., 1976\. When a subject is given bran, he may,
by chance, be about to experience a largc prolonga-
t ion of  t ransi t  t inre.  In  t l r is  event ,  a l tho( igh bran
may resul t  in  the pro longar ion bc ing lcss t l ran i t
would have becn,  never t l tc less,  to  an obscrver  i t
wil l scern as i[ bran has bccn responsiblc for pro-
longing his transit t ime. Expcrience rvith the mcan
transi t  i ime technique,  t l rough l i rn i tcd,  suggeststhat
i roning-out  day to day var iat ions in  t ransi t  rate
does make the ellccts of bran appc.lr more
consistent (Cunrrnings et nl., 1976).

Thc extraord in l ry  var iat ion in  the s ize of  ind i -
v idual  s tools  ind icatcs the great  importance oI
col lcct ing stools  for  scvcra l  days when nreaningfu l
in fornrat ion is  rcqui rcd about  an indiv idual 's  s tool
rveight .  ln  contrast .  our  s tudy s l rorved rcrnurkably
l i t t le  var iat ion in  t l re  rvatcr  content  of  thc stools .

We are unable to expla in why only in  the rvonren
was there lourrd to be a correlatiorr bctweert transit
l imc nrrc l  \ 'c t  weighr ,  rnt l  ind iv idual  s tool  s ize ant l
lhc in tcrval  betrvcen bouel  nrot ions.  Simi lar ly ,  rve
cannot  erp la in rvhy only in  the nra lcs was t l lere a
corre lat ion bets 'ecn indi r . idual  s tool  s ize and laecal
dry s 'e ight .

Our.  at rempt to rc late t ransi t  t ime and faecal
measurcrr lcnts to the phascs of  the nrenstrual  cyc lc
r*as unsrrccessfu l ,  but  t l r is  could have been due to thc
small nunrbers involved as r,r 'ell as to the trnknorvrr
var iable of  the t imc of  ovulat ion.  Thc assignnrcnt
of faccal collcclion-s to tl:e r.arious endocring phases
was nol supportctl by Scrum lrorntone nlcitsurements.
It has been claimcd that 64y, of rvonren noticc a
change in borvel  l rabi r  rv i th  nrcnstruat ion Utecs nnd
Rhodcs, 1976). Wc found no cbjcctive erl i<lcrrcc of
lh is  and arc not  arvarc that  any such evidence has
bccn publ ished.

In conclusion, it is clcar that he:rlthy subjects
show rvidc spontxneous r'a ri:rt ions in colorric [unciion.
Tl rcsc nrust  bc taken into account  in  p lanning
studics on the eflccts of drugs or diets ou colonic
behrrviour and in nlaking epiclcnriolcrgical com-
parisons.
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