
	  
	  

SYMPTOMS	  OF	  IRRITABLE	  BOWEL	  SYNDROME	  IN	  PATIENTS	  WITH	  
INFLAMMATORY	  BOWEL	  DISEASE	  

	  
	  

	  
	  
	  
	  

James	  William	  Berrill	  MB	  BCh	  MRCP	  

	  
	  
	  

	  
	  
	  
	  

A	  thesis	  submitted	  to	  Cardiff	  University	  
for	  the	  degree	  of	  Doctor	  of	  Medicine	  

	  
June	  2014	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	   iii	  

Contents	  
	  
Thesis	  Summary	   	   	   	   	   	   	   	   vi	  
	  
Acknowledgements	   	   	   	   	   	   	   	   vii	  
	  
Publications	  and	  Presentations	   	   	   	   	   	   viii	  
	  
Abbreviations	  	   	   	   	   	   	   	   	   ix	  
	  
Preface	   	   	   	   	   	   	   	   	   xii	  
	  
Chapter	  1:	  Introduction	   	   	   	   	   	   	   	  
	  
	  	  	  	  	  1.1	  Inflammatory	  Bowel	  Disease	   	   	   	   	   	   	  
	   1.1.1	  Introduction	   	   	   	   	   	   	   2	  
	   1.1.2	  Epidemiology	   	   	   	   	   	   	   2	  
	   1.1.3	  Pathophysiology	  	   	   	   	   	   	   6	  
	   	   1.1.3.1	  Environmental	  Factors	   	   	   	   6	  
	   	   1.1.3.2	  Genetics	   	   	   	   	   	   8	  
	   	   1.1.3.3	  Intestinal	  Microbes	   	   	   	   	   9	  
	   	   1.1.3.4	  Dysregulated	  Immune	  Response	   	   	   10	  
	   1.1.4	  Clinical	  Features	  and	  Diagnosis	  	   	   	   	   13	  
	   1.1.5	  Management	   	   	   	   	   	   	   16	  
	   1.1.6	  Disease	  Course	  and	  Monitoring	  	   	   	   	   18	  
	   1.1.7	  Psychological	  Factors	  in	  Inflammatory	  Bowel	  Disease	   	   21	  
	  
	  	  	  	  	  1.2	  Irritable	  Bowel	  Syndrome	   	   	   	   	   	   	  
	   1.2.1	  Introduction	   	   	   	   	   	   	   24	  
	   1.2.2	  Pathophysiology	  	   	   	   	   	   	   26	  
	   	   1.2.2.1	  Central	  Mechanisms:	  The	  Brain-‐Gut	  Axis	   	   26	  
	   	   1.2.2.2	  Peripheral	  Mechanisms	   	   	   	   29	  
	   1.2.3	  Management	   	   	   	   	   	   	   32	  
	   	   1.2.3.1	  Dietary	  Modification	   	   	   	   	   32	  
	   	   1.2.3.2	  Medication	   	   	   	   	   	   34	  
	   	   1.2.3.3	  Psychological	  Intervention	   	   	   	   36	  
	  
	  	  	  	  	  1.3	  Irritable	  Bowel	  Syndrome	  in	  Inflammatory	  Bowel	  Disease	  
	   1.3.1	  Introduction	   	   	   	   	   	   	   37	  
	   1.3.2	  Aetiology	  of	  IBS-‐type	  symptoms	  in	  patients	  with	  IBD	   	   37	  
	   1.3.3	  Pitfalls	  of	  IBS-‐type	  symptoms	  in	  IBD	   	   	   	   38	  
	   	   	  
	  	  	  	  	  1.4	  Objectives	   	   	   	   	   	   	   	   41	  
	  
	  	  	  	  	  1.5	  Overall	  Hypothesis	   	   	   	   	   	   	   41	  
	  
	  	  	  	  	  1.6	  Study	  Design	   	   	   	   	   	   	   	   42	  



	   iv	  

Chapter	  2:	  Methods	  
	  
	  	  	  	  	  2.1	  Introduction	   	   	   	   	   	   	   	   45	  
	  
	  	  	  	  	  2.2	  Ethical	  Approval	   	   	   	   	   	   	   45	  
	  
	  	  	  	  	  2.3	  Recruitment	   	   	   	   	   	   	   	   45	  
	  
	  	  	  	  	  2.4	  Participant	  Definitions	   	   	   	   	   	   	   46	  
	  
	  	  	  	  	  2.5	  Questionnaires	  	   	   	   	   	   	   	   47	  
	  
	  	  	  	  	  2.6	  Measurement	  of	  Faecal	  Calprotectin	   	   	   	   	   49	  
	  
	  	  	  	  	  2.7	  Statistics	   	   	   	   	   	   	   	   50	  
	  
	  
	  
Chapter	   3:	   IBS-‐type	   symptoms	   in	   patients	   with	   IBD:	   the	   role	   of	   sub-‐clinical	  
inflammation	  and	  the	  impact	  on	  clinical	  assessment	  of	  disease	  activity	  
	  
	  	  	  	  	  3.1	  Introduction	   	   	   	   	   	   	   	   52	  
	  
	  	  	  	  	  3.2	  Methods	   	   	   	   	   	   	   	   53	  
	  
	  	  	  	  	  3.3	  Results	   	   	   	   	   	   	   	   	   55	  
	  
	  	  	  	  	  3.4	  Discussion	   	   	   	   	   	   	   	   60	  
	  
	  
	  
Chapter	  4:	  Albumin	  catalysed	  coelenterazine	  chemiluminescence	  as	  a	  biomarker	  of	  IBS	  
	  
	  	  	  	  	  4.1	  Introduction	   	   	   	   	   	   	   	   67	  
	  
	  	  	  	  	  4.2	  Methods	   	   	   	   	   	   	   	   74	  
	  
	  	  	  	  	  4.3	  Results	   	   	   	   	   	   	   	   	   85	  
	  
	  	  	  	  	  4.4	  Discussion	   	   	   	   	   	   	   	   101	  
	  
	  
	  
	  
	  
	  
	  



	   v	  

Chapter	  5:	  Cognitive	  function	  in	  IBS	  and	  IBD	  patients	  
	  
	  	  	  	  	  5.1	  Introduction	   	   	   	   	   	   	   	   107	  
	  
	  	  	  	  	  5.2	  Methods	   	   	   	   	   	   	   	   109	  
	  
	  	  	  	  	  5.3	  Results	   	   	   	   	   	   	   	   	   113	  
	  
	  	  	  	  	  5.4	  Discussion	   	   	   	   	   	   	   	   119	  
	  
	  
	  
Chapter	   6:	   A	   randomised	   controlled	   trial	   of	   mindfulness-‐based	   therapy	   for	   IBD	  
patients	  with	  IBS-‐type	  symptoms	  or	  high	  perceived	  stress	  levels	  
	  	  	  	  	  	  
	  	  	  	  	  6.1	  Introduction	   	   	   	   	   	   	   	   125	  
	  
	  	  	  	  	  6.2	  Methods	   	   	   	   	   	   	   	   127	  
	  
	  	  	  	  	  6.3	  Results	   	   	   	   	   	   	   	   	   135	  
	  
	  	  	  	  	  6.4	  Discussion	   	   	   	   	   	   	   	   146	  
	   	   	   	   	   	  
	  
	  
Chapter	  7:	  General	  Discussion	   	   	   	   	   	   	  
	   	   	   	   	  
	  	  	  	  	  	  7.1	  Overall	  Conclusions	   	   	   	   	   	   	   154	  
	  
	  	  	  	  	  	  7.2	  Future	  Prospects	   	   	   	   	   	   	   158	  
	  
	  
	  
Appendices	   	   	   	   	   	   	   	   	   160	  
	  
	  
	  
References	   	   	   	   	   	   	   	   	   191	  
	  
	  
	  
	  
	  
	  
	  
	  



	   vi	  

Thesis	  Summary	  
	  

Irritable	   bowel	   syndrome	   (IBS)	   and	   inflammatory	   bowel	   disease	   (IBD)	   are	   both	  
chronic	   relapsing	   intestinal	   disorders.	   Their	   symptom	   profiles	   overlap	   in	   terms	   of	  
abdominal	   discomfort	   and	   altered	  bowel	   habit.	  Meta-‐analysis	   of	   patients	  with	   IBD	  
demonstrates	  that	  25-‐46%	  of	  those	  in	  clinical	  remission	  have	  symptoms	  compatible	  
with	   IBS.	   These	   patients	   report	   lower	   quality	   of	   life	   scores	   compared	   to	   their	  
asymptomatic	  counterparts.	  There	  is	  uncertainty	  as	  to	  the	  cause	  of	  these	  symptoms,	  
and	  concern	  for	  the	  influence	  they	  may	  exert	  on	  clinical	  management.	  	  
	  

The	   work	   described	   in	   this	   thesis	   investigated	   the	   nature	   of	   IBS-‐type	   symptoms	  
occurring	   in	   patients	   with	   IBD,	   examined	   potential	   diagnostic	   tools	   to	   distinguish	  
between	   the	   respective	   conditions,	   and	   conducted	   a	   therapeutic	   trial	   for	   the	  
management	  of	  functional	  symptoms	  in	  this	  setting.	  
	  

IBS-‐type	  symptoms	  were	  observed	  to	  occur	  more	  commonly	  in	  female	  IBD	  patients,	  
were	   associated	   with	   high	   anxiety	   levels,	   and	   occurred	   in	   patients	   with	   no	   active	  
inflammation	  as	  confirmed	  by	  a	  normal	  faecal	  calprotectin	  level.	  These	  findings	  are	  
characteristic	  of	  irritable	  bowel	  syndrome,	  and	  suggest	  that	  this	  disorder	  may	  cause	  
persistent	  symptoms	  during	  IBD	  remission.	  
	  

Two	  potential	  biomarkers	  of	   IBS	  were	   investigated.	  The	   first	  explored	  a	  hypothesis	  
that	  IBS	  may	  be	  a	  systemic	  condition	  caused	  by	  the	  absorption	  of	  toxic	  metabolites	  
produced	   by	   the	   bacterial	   fermentation	   of	   dietary	   carbohydrates.	   This	  mechanism	  
would	  potentially	  explain	  both	  the	  gastrointestinal	  and	  the	  systemic	  symptoms	  that	  
are	   observed	   in	   patients	   with	   IBS.	   It	   was	   proposed	   that	   toxic	   metabolites	   may	  
covalently	   modify	   albumin	   in	   patients	   with	   IBS,	   however	   on	   investigation	   of	   this	  
theory	  there	  was	  no	  significant	  difference	  observed	  between	  the	  plasma	  samples	  of	  
IBS	  patients,	  IBD	  patients	  and	  healthy	  controls.	  The	  presence	  of	  systemic	  symptoms	  
in	  patients	  with	  IBS	  and	  IBD	  was	  associated	  with	  higher	  anxiety	  levels.	  
	  

Cognitive	   function	   was	   also	   assessed	   as	   a	   potential	   biomarker	   of	   IBS	   following	  
anecdotal	  reports	  that	  IBS	  patients	  experience	  impaired	  concentration.	  However	  no	  
significant	  difference	  between	   IBS	  patients,	   IBD	  patients,	   and	  healthy	   controls	  was	  
identified.	   Concurrent	   mood	   disorders,	   in	   particular	   depression,	   were	   associated	  
with	  impaired	  performance	  of	  specific	  tasks	  in	  patients	  with	  IBD.	  	  
	  

A	  randomised-‐controlled	  trial	  of	  a	  mindfulness-‐based	  psychological	  intervention	  was	  
performed	   in	   IBD	  patients	  with	   IBS-‐type	   symptoms	  or	  high	  perceived	   stress	   levels.	  
Sub-‐group	  analysis	  demonstrated	  a	  significant	   improvement	   in	  quality	  of	   life	   in	  the	  
intervention	  group	  in	  those	  patients	  who	  were	  experiencing	  IBS-‐type	  symptoms.	  	  
	  

Overall,	  these	  findings	  support	  the	  theory	  that	  IBS	  can	  cause	  persistent	  symptoms	  in	  
IBD	   patients	   who	   are	   in	   remission.	   However,	   until	   the	   molecular	   mechanisms	  
underlying	   IBS	   are	   identified	   and	   reliable	   biomarkers	   are	   developed,	   a	   systematic	  
diagnostic	  approach	  is	  required	  to	  evaluate	  these	  patients.	  IBS-‐type	  symptoms	  in	  IBD	  
patients	  represent	  a	  therapeutic	  target	  to	  improve	  quality	  of	  life	  and	  further	  trials	  of	  
psychological	  intervention,	  medication	  and	  dietary	  modification	  are	  required.	  	  
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Preface	  
	  
	  
Inflammatory	   bowel	   disease	   is	   a	   chronic	   relapsing	   disorder	   that	   is	   associated	  with	  

significant	  morbidity.	   Active	   disease	   is	   characterised	   by	   the	   presence	   of	   intestinal	  

inflammation	   and	   typically	   causes	   symptoms	   of	   abdominal	   pain,	   diarrhoea,	   and	  

weight	   loss.	   During	   remission	   a	   proportion	   of	   patients	   continue	   to	   experience	  

abdominal	   symptoms,	   that	   are	   compatible	   with	   a	   diagnosis	   of	   irritable	   bowel	  

syndrome,	   despite	   there	   being	   no	   clinically	   apparent	   active	   inflammation.	   These	  

persistent	   symptoms	   can	  be	  difficult	   to	  manage	  and	   frequently	  do	  not	   respond	   to	  

conventional	  inflammatory	  bowel	  disease	  therapies.	  Further	  characterisation	  of	  this	  

group	   of	   patients	   may	   provide	   an	   insight	   into	   the	   aetiology	   of	   these	   persistent	  

symptoms	  and	  assist	  in	  the	  development	  of	  therapeutic	  strategies	  to	  alleviate	  them.	  	  
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1.1	  Inflammatory	  Bowel	  Disease	  

	  

1.1.1	  Introduction	  

It	  is	  one	  hundred	  years	  since	  Thomas	  Dalziel	  provided	  the	  first	  report	  of	  a	  condition	  

that	  he	  referred	  to	  as	  chronic	  interstitial	  enteritis,	  making	  a	  memorable	  comparison	  

of	  the	  affected	  intestine	  to	  “An	  eel	  in	  a	  state	  of	  rigor	  mortis”	  (1).	  Twenty	  years	  later,	  

in	  1932,	  Burrill	  Crohn	  published	  a	  case	  series	  of	  ‘regional	  enteritis’	  that	  subsequently	  

dictated	  the	  eponym	  ‘Crohn’s	  disease’	  by	  which	  the	  disease	  is	  now	  known	  (2).	  	  

	  

Ulcerative	   colitis	   was	   first	   described	   by	   the	   physician	   Sir	   Samuel	   Wilks	   in	   1859,	  

although	  documented	  cases	  of	  non-‐infectious	  diarrhoea	  date	  back	  as	  far	  as	  Roman	  

literature	   (3).	   Together	   these	   two	   conditions,	   Crohn’s	   disease	   (CD)	   and	   ulcerative	  

colitis	  (UC),	  form	  the	  chronic	  relapsing	  disorder	  termed	  inflammatory	  bowel	  disease	  

(IBD).	  	  

	  

	  

1.1.2	  Epidemiology	  

Historically	   IBD	  has	  been	  considered	  a	  disease	  of	  western	  society,	  with	  the	  highest	  

incidence	  and	  prevalence	   rates	   in	  northern	  Europe,	   the	  United	  Kingdom	   (UK),	   and	  

North	   America	   (Figures	   1.1	   and	   1.2).	   However	   more	   recently	   there	   have	   been	  

reports	  of	  an	  increasing	  burden	  in	  other	  parts	  of	  the	  world	  including	  Asia	  and	  Africa	  

that	  appear	  to	  correlate	  with	  the	  industrialisation	  of	  these	  areas	  (4,	  5).	  	  
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Figure	   1.1	  Worldwide	   Crohn’s	   disease	   incidence	   and	   /	   or	   prevalence	   for	   countries	  
reporting	   data	   after	   1980.	   Taken	   with	   permission	   from	   Molodecky,	  
Gastroenterology,	  2012	  (6).	  	  
	  

	  

	  
	  
Figure	  1.2	  Worldwide	  ulcerative	   colitis	   incidence	  and	   /	  or	  prevalence	   for	   countries	  
reporting	   data	   after	   1980.	   Taken	   with	   permission	   from	   Molodecky,	  
Gastroenterology,	  2012	  (6).	  	  
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In	  general,	  those	  high-‐incidence	  areas	  experienced	  a	  marked	  increase	  in	  the	  number	  

of	  cases	  between	  the	  1950s	  and	  1980s	  but	  since	  then	   it	  appears	  to	  have	  stabilised	  

(Figures	  1.3	  and	  1.4).	  A	  systematic	  review	  of	  more	  than	  200	  reports	  on	  the	  incidence	  

of	   IBD	  in	   locations	  throughout	  the	  world	  demonstrated	  that	  since	  1980,	  56%	  of	  CD	  

and	  29%	  of	  UC	  studies	  have	  identified	  a	  statistically	  significant	  increasing	  incidence,	  

whereas	  a	   significant	  decrease	   in	   incidence	  was	   reported	   in	  only	   six	  percent	  of	  UC	  

studies	  and	  in	  no	  CD	  studies	  (6).	  	  

	  

Considering	   that	  mortality	   in	   IBD	   is	   low	  and	   that	  diagnosis	   is	   frequently	  made	  at	  a	  

young	  age,	  the	  global	  prevalence	  of	  IBD	  is	  expected	  to	  increase	  substantially.	  In	  the	  

UK,	  the	  prevalence	  of	  IBD	  is	  approximately	  400	  per	  100,000	  (CD	  =	  145	  per	  100,000,	  

and	  UC	  =	  243	  per	  100,000),	  with	  an	  equal	  distribution	  between	  males	  and	  females	  

(7).	   The	   onset	   may	   occur	   at	   any	   age,	   but	   it	   is	   most	   commonly	   diagnosed	   in	   late	  

adolescence	  and	  early	  adulthood.	  	  

	  

Studies	   of	  migrating	   populations	   imply	   that	   environmental	   factors	   associated	  with	  

geographic	   location	   are	   an	   important	   factor	   in	   the	  development	  of	   IBD.	   Emigrants	  

from	   countries	   with	   a	   low	   prevalence	   of	   IBD	   who	   move	   to	   areas	   with	   a	   high	  

prevalence	  have	  been	  observed	  to	  have	  similar	  incidence	  rates	  of	  IBD	  to	  that	  of	  their	  

new	   local	   population	   (8,	   9).	   	   The	   risk	   of	   developing	   IBD	   is	   greater	   for	   those	   who	  

migrate	  during	  childhood	  suggesting	  that	  age	  at	  the	  time	  of	  migration	  is	  influential.	  
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Figure	   1.3	   Temporal	   trends	   in	   incidence	   rates	   (cases	   per	   100,000	   person-‐years)	   of	  
Crohn’s	   disease	   in	   selected	   areas	   (Olmsted	   County;	   Cardiff;	   Rochester;	   Iceland;	  
Aberdeen;	  Helsinki;	  Florence).	  Taken	  with	  permission	  from	  Loftus,	  Gastroenterology,	  
2004	  (4).	  
	  

	  

	  
	  
Figure	   1.4	   Temporal	   trends	   in	   incidence	   rates	   (cases	   per	   100,000	   person-‐years)	   of	  
ulcerative	  colitis	  in	  selected	  geographic	  regions	  (Olmsted	  County;	  Rochester;	  Iceland;	  
Florence;	   Malmo;	   Heraklion;	   Seoul).	   Taken	   with	   permission	   from	   Loftus,	  
Gastroenterology,	  2004	  (4).	  
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1.1.3	  Pathophysiology	  

In	  his	  first	  description,	  Thomas	  Dalziel	  wrote:	  “I	  can	  only	  regret	  that	  the	  etiology	  of	  

the	  condition	  remains	  in	  obscurity,	  but	  I	  trust	  that	  ere	  long	  further	  consideration	  will	  

clear	  up	  the	  difficulty”	  (1).	  A	  century	  later,	  and	  after	  much	  consideration,	  the	  exact	  

pathophysiology	   of	   IBD	   still	   remains	   unclear,	   but	   several	   factors	   including	   the	  

environment,	   genetics,	   intestinal	   microbes,	   and	   a	   dysregulated	   immune	   response	  

have	  been	  implicated	  as	  having	  major	  causative	  roles.	  

	  

1.1.3.1	  Environmental	  Factors	  

The	   variation	   in	   IBD	   incidence,	   both	   geographically	   and	   chronologically,	   has	   led	   to	  

many	   potential	   environmental	   causes	   being	   studied.	   Diet,	   antibiotic	   usage,	  

vaccinations,	   appendectomy,	   oral	   contraception,	   cigarette	   smoking,	   and	   perinatal	  

factors	  have	  all	  been	  examined,	  but	  currently	  only	  cigarette	  smoking	  (predisposing	  in	  

CD,	  but	  protective	  in	  UC)	  is	  offered	  as	  lifestyle	  advice	  (4).	  

	  

Both	   patients	   and	   clinicians	   have	   frequently	   considered	   diet	   as	   an	   environmental	  

cause	  of	  IBD,	  but	  most	  of	  the	  studies	  have	  been	  retrospective	  and	  therefore	  prone	  

to	  recall	  bias.	  Physicians	  typically	  inform	  patients	  to	  eat	  a	  ‘normal	  diet’	  without	  any	  

specific	   exclusion,	   on	   the	   basis	   that	   there	   is	   no	   proven	   connection	  with	   any	   food	  

group.	  However	  two	  recent	  prospective	  studies	  have	  suggested	  firstly	  an	  association	  

between	   the	   intake	   of	   polyunsaturated	   fatty	   acids	   and	   onset	   of	   UC	   (10),	   and	  

secondly	   an	   association	   between	   higher	   vitamin	   D	   levels	   and	   a	   reduced	   risk	   of	  

developing	   Crohn’s	   disease	   (11).	   Further	   prospective	   studies	   are	   underway,	   and	  
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together	  with	  randomised	  controlled	  trials,	  the	  results	  will	  enable	  further	  insight	  into	  

whether	  or	  not	  a	  protective	  diet	  for	  IBD	  patients	  can	  be	  constructed	  (12).	  

	  

The	   introduction	   and	   escalation	   in	   use	   of	   antibiotics	   throughout	   the	   20th	   century	  

coincided	  with	  the	  increasing	  incidence	  of	  IBD,	  and	  a	  retrospective	  study	  of	  general	  

practice	  records	  has	  demonstrated	  a	  significant	  association	  between	  CD	  and	  the	  use	  

of	  antibiotics	  2	  -‐	  5	  years	  prior	  to	  the	  onset	  of	  diagnosis	  (odds	  ratio	  =	  1.53;	  1.12-‐2.07).	  

Yet	  the	  lack	  of	  specificity	  to	  any	  particular	  subgroup	  of	  antibiotics	  raises	  uncertainty	  

as	  to	  whether	  this	  relationship	  was	  actually	  causal	  or	  may	  reflect	  reverse-‐causation	  

or	  the	  side-‐effect	  of	  other	  concurrent	  medication	  (13).	  

	  

The	   appendix	   may	   play	   a	   role	   in	   the	   developing	   mucosal	   immune	   system.	   Meta-‐

analysis	   has	   demonstrated	   that	   appendicectomy	   reduces	   the	   risk	   of	   developing	  

ulcerative	  colitis	  by	  69%	  (OR	  =	  0.31,	  95%	  CI	  0.26-‐0.37)	  but	  possibly	  increases	  the	  risk	  

of	  CD	  (4,	  14).	  In	  UC	  the	  benefits	  are	  mainly	  limited	  to	  those	  in	  whom	  it	  is	  performed	  

for	  acute	  appendicitis	  under	  the	  age	  of	  20	  years	  (15).	  

	  

A	  meta-‐analysis	   to	  evaluate	   the	   relationship	  between	   smoking	  and	   IBD	   found	   that	  

current	   smoking	  had	  a	  positive	   association	  with	  CD	   (OR	  =	  1.76,	   95%	  CI	   1.40-‐2.22),	  

and	  a	  negative	  association	  with	  UC	  (OR	  =	  0.58,	  95%	  CI:	  0.45-‐0.75)	  (16).	  However	  it	  is	  

clear	  that	  smoking	   is	  neither	  necessary	  nor	  sufficient	  to	  cause	  CD,	  and	  it	   is	  notable	  

that	   countries	  with	   the	  highest	   smoking	   rates	   frequently	  have	  amongst	   the	   lowest	  

rates	  of	  CD	  (17).	  As	  a	  result,	   it	   seems	   likely	   that	  smoking	   interacts	  with	  other	  non-‐

environmental	  factors	  to	  influence	  the	  development	  and	  course	  of	  CD.	  
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1.1.3.2	  Genetics	  

A	  genetic	  component	  to	  IBD	  was	  implicated	  by	  the	  familial	  aggregation	  of	  cases,	  and	  

studies	   confirmed	   a	   higher	   concordance	   rate	   amongst	  monozygotic	   twins	   (36%	   in	  

CD,	   and	  16%	   in	  UC)	   compared	   to	  dizygotic	   twins	   (4%	   in	  CD	  and	  UC)	   (18).	   In	  1996,	  

genome-‐wide	   linkage	   analysis	   examining	   multiple	   affected	   families	   discovered	  

several	  susceptible	  loci	  for	  Crohn’s	  disease	  (19).	  Five	  years	  later,	  fine	  mapping	  of	  the	  

IBD1	   locus	  on	   chromosome	  16	   identified	   the	   first	   susceptibility	   gene	   for	  CD	   in	   the	  

form	  of	  nucleotide-‐binding	  oligomerisation	  domain	  2	  (NOD2),	  a	  gene	  that	  codes	  for	  

an	  intracellular	  receptor	  for	  bacterial	  cell	  wall	  peptidoglycan	  (20,	  21).	  

	  

Since	  then,	  the	  development	  of	  genome-‐wide	  association	  studies	  (GWAS),	   in	  which	  

the	  entire	  genome	  of	  cases	  and	  controls	  are	  compared,	  has	  demonstrated	  that	  IBD	  is	  

a	  complex	  genetic	  condition,	  with	  many	  genes	  involved.	  A	  meta-‐analysis	  of	  Crohn’s	  

disease	  and	  ulcerative	  colitis	  GWAS	  identified	  a	  total	  of	  163	  IBD	  susceptibility	  loci,	  a	  

substantially	  higher	  number	  than	  that	  reported	  for	  any	  other	  complex	  disease	  (22).	  

Interestingly,	   most	   of	   the	   loci	   were	   associated	   with	   both	   CD	   and	   UC	   (Figure	   1.5),	  

suggesting	   that	   in	   terms	  of	   genetic	   variations	   they	  are	   similar	   conditions,	   and	   that	  

other	   factors	   such	   as	   rarer	   genetic	   variation	   (not	   identified	   by	   GWAS)	   or	  

environmental	  aspects	  make	  a	  considerable	  contribution	  to	  determining	  phenotype.	  

The	   genes	   identified	   imply	   the	   interaction	   between	   host	  mucosal	   immune	   system	  

and	  intestinal	  microbes	  is	  integral	  to	  IBD	  pathogenesis.	  	  
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Figure	   1.5	   The	   163	   independent	   signals	   plotted	   by	   total	   IBD	   odds	   ratio	   and	  
phenotypic	   specificity	   (measured	   by	   the	   odds	   ratio	   of	   CD	   relative	   to	   UC),	   and	  
coloured	  by	  their	   IBD	  phenotype	  classification.	  Taken	  with	  permission	  from	  Jostins,	  
Nature,	  2012	  (22).	  
	  

	  

	  

	  

1.1.3.3	  Intestinal	  Microbes	  

The	   human	   gut	   is	   colonised	   by	   thousands	   of	   species	   of	   predominantly	   anaerobic	  

bacteria	   that	   fall	   into	   four	   major	   phyla	   (Bacteroidetes,	   Firmicutes,	   Actinobacteria,	  

and	   Proteobacteria).	   Several	   specific	   micro-‐organisms	   have	   been	   proposed	   as	  

pathogenic	  in	  IBD,	  with	  Mycobacterium	  avium	  subspecies	  paratuberculosis	  being	  the	  

most	   intensively	   investigated,	  but	  none	  have	  any	  definitive	  evidence	  to	  prove	  their	  

causative	  role	  (23).	  
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Variations	   in	   the	   intestinal	   microbial	   composition	   have	   been	   identified	   when	  

comparing	   healthy	   controls	   to	   IBD	   patients,	   but	   it	   has	   been	   difficult	   to	   determine	  

whether	   these	   alterations	   contribute	   to	   the	   disease	   or	   simply	   reflect	   secondary	  

changes	   due	   to	   inflammation	   (23).	   Studies	   examining	   the	   siblings	   of	   CD	   patients	  

suggest	   that	   it	   is	   likely	   to	   be	   a	   primary	   event	  with	   changes	   occurring	   prior	   to	   the	  

onset	  of	  inflammation	  (24).	  However	  many	  studies	  have	  used	  faecal	  microbiota	  as	  a	  

representation	   of	   mucosal-‐associated	   microbiota	   and	   yet	   these	   populations	   differ	  

significantly.	   Indeed,	   it	   remains	  uncertain	  as	   to	  which	  population	  or	   location	   is	   the	  

most	  critical	  in	  causing	  IBD	  (23).	  

	  

The	  most	  striking	  evidence	  for	  the	  role	  of	  gut	  bacteria	  in	  the	  development	  of	  IBD	  is	  

from	   animal	   models,	   in	   which	   genetically	   susceptible	   animals	   reared	   in	   a	   sterile	  

environment	   only	   developed	   colitis	   after	   the	   introduction	   of	   bacteria	   into	   the	  

intestines	  (25).	  However	  the	  fact	  that	  IBD	  responds	  to	  immunosuppression	  indicates	  

that	  bacteria	  do	  not	  seem	  to	  be	  acting	  as	  conventional	  pathogens.	  

	  

1.1.3.4	  Dysregulated	  Immune	  Response	  

The	  intestinal	  mucosa	  is	  constantly	  exposed	  to	  a	  great	  number	  of	  microbial	  antigens,	  

and	  its	   immune	  response	   involves	  a	  complex	  balance	  between	  tolerance	  of	  normal	  

commensal	   organisms	   and	   an	   ability	   to	   respond	   to	   an	   infectious	   insult.	   In	   normal	  

function,	   pathogenic	   microbes	   are	   identified	   from	   commensals	   through	   pattern	  

recognition	   receptors	   that	   recognise	   specific	  molecular	  markers.	   Toll-‐like	   receptors	  

and	   nucleotide	   oligomerisation	   domains	   are	   receptors	   that	   can	   initiate	   signalling	  

cascades	   including	   the	   nuclear	   factor-‐κB	   pathway	   provoking	   a	   pro-‐inflammatory	  
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response.	  In	  IBD	  abnormalities	  have	  been	  observed	  in	  both	  the	  innate	  and	  adaptive	  

immune	  systems	  and	  these	  result	  in	  a	  dysregulated	  response	  against	  the	  commensal	  

bacteria	  of	  the	  gut	  (26,	  27).	  An	  illustration	  of	  the	  pathophysiology	  of	  ulcerative	  colitis	  

is	  shown	  in	  Figure	  1.6	  (28).	  	  

	  

Figure	  1.6	  Pathophysiology	  of	  ulcerative	  colitis.	  TLR,	   toll-‐like	   receptor;	  HLA,	  human	  
leucocyte	  antigen;	  IL,	  interleukin;	  TNF,	  tumour	  necrosis	  factor;	  NF-‐κB,	  nuclear	  factor-‐
κB;	  Th,	  T-‐helper;	  NKT,	  natural	  killer	  T-‐cell;	  CXCL,	  chemokine;	  Treg,	  regulatory	  T	  cell,	  
MAdCAM-‐1,	   mucosal	   addressin-‐cell	   adhesion	   molecule	   1.	   Taken	   with	   permission	  
from	  Ordas,	  Lancet,	  2012	  (28).	  

	  

	  

	  

In	   the	   innate	   immune	   system	   the	   epithelial	   barrier	   represents	   the	   first	   line	   of	  

mucosal	   defence	  and	  patients	  with	   IBD	  exhibit	   a	   reduction	   in	   the	  overlying	  mucus	  

layer	  and	  deficits	  in	  the	  tight	  junctions	  between	  cells	  (29,	  30).	  Consequently	  there	  is	  

increased	   epithelial	   permeability	   and	   exposure	   of	   the	   luminal	   antigens	   to	   host	  
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immune	  cells	  situated	  in	  the	  lamina	  propria.	  Deletion	  of	  the	  MUC2	  gene	  that	  codes	  

for	  mucin	  has	  been	  shown	  to	  predispose	  to	  the	  onset	  of	  experimental	  colitis	  in	  mice	  

(31).	  

	  

Defects	  in	  the	  function	  of	  specialised	  innate	  immune	  cells	  have	  also	  been	  identified.	  

These	   include	   Paneth	   cells	   which	   secrete	   antimicrobial	   peptide	   granules,	   and	  

dendritic	   cells	   which	   analyse	   the	   molecular	   pattern	   of	   microbes	   and	   determine	  

whether	   to	   evoke	   an	   immune	   response	   or	   follow	   a	   path	   of	   tolerance.	   Their	  

malfunction	  can	  lead	  to	  inappropriate	  immune	  responses	  to	  non-‐pathogenic	  insults	  

(32).	  Both	  of	  these	  cell-‐types	  express	  NOD2	  and	  provide	  functional	  examples	  of	  the	  

genetic	  risk	  factors	  that	  have	  been	  identified	  in	  IBD.	  

	  

A	   variety	   of	   macrophages	   provide	   a	   further	   level	   of	   innate	   mucosal	   immunity.	  

Normally	  intestinal	  macrophages	  exert	  bactericidal	  and	  phagocytic	  functions	  but	  are	  

largely	   refractory	   to	   inflammatory	   stimulation	   by	   microbial	   antigens,	   and	   actually	  

express	   anti-‐inflammatory	   molecules.	   However	   in	   CD	   macrophages	   have	   been	  

observed	   to	   produce	   large	   amounts	   of	   pro-‐inflammatory	   cytokines	   such	   as	   IL-‐23,	  

TNFα,	  and	  IL-‐6,	  thereby	  escalating	  the	  inflammation	  cascade	  (33).	  

	  

When	  an	  immune	  response	  is	  evoked,	  abnormalities	  in	  the	  adaptive	  immune	  system	  

appear	   to	   maintain	   the	   response.	   Imbalances	   in	   the	   amounts	   of	   effector	   T-‐cells	  

(predominantly	   T-‐helper	   cells)	   compared	   to	   regulatory	   T-‐cells	   have	   been	   reported	  

and	   this	   results	   in	   abnormal	   cytokine	   secretion.	   Excessive	   T	   cell	   responses	   occur,	  

with	  T	  helper	  1	  cells	  producing	  interferon-‐γ	   in	  CD,	  and	  natural	  killer	  cells	  producing	  
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IL-‐13	   in	   UC.	   The	   release	   of	   pro-‐inflammatory	   cytokines	   and	   chemokines	   recruits	  

more	   leucocytes	   from	   the	   systemic	   circulation.	   These	   enter	   the	   inflamed	  mucosa,	  

amplifying	  tissue	  injury	  and	  perpetuating	  the	  inflammatory	  cycle	  (28,	  34).	  

	  

	  

1.1.4	  Clinical	  Features	  and	  Diagnosis	  

Ulcerative	   colitis	   is	   an	   inflammatory	   disorder	   of	   the	   colonic	  mucosa.	   Typically	   the	  

inflammation	  starts	   in	   the	  rectum	  and	  extends	  proximally	   in	  a	  continuous	  manner.	  

The	   extent	   of	   colon	   affected	   varies	   between	   individuals	   and	   the	   disease	   has	   been	  

graded	   accordingly	   (Table	   1.1)	   (35).	   In	   general,	   patients	   present	   with	   a	   history	   of	  

diarrhoea	   and	   visible	   blood	   loss.	   Inflammation	   limited	   to	   the	   rectum	   causes	   rectal	  

bleeding,	  mucous	  discharge	  and	  urgency	  to	  defecate.	  	  

	  

Inflammation	   in	   Crohn’s	   disease	  may	   occur	   at	   any	   location	   in	   the	   gastro-‐intestinal	  

tract,	  and	  consequently	  the	  presentation	  is	  more	  variable.	  It	  is	  classified	  with	  regards	  

to	  age	  of	  onset,	  location	  and	  behaviour	  (Table	  1.2)	  (35).	  These	  factors	  help	  to	  predict	  

disease	  course	  and	  guide	  management.	  The	  most	  common	  sites	  for	  CD	  to	  affect	  are	  

the	  ileum	  and	  colon,	  and	  so	  patients	  can	  present	  with	  abdominal	  pain,	  weight	  loss,	  

or	  diarrhoea.	  In	  contrast	  to	  UC,	  inflammation	  in	  Crohn’s	  disease	  extends	  deep	  to	  the	  

mucosa	   and	   may	   penetrate	   through	   the	   intestinal	   wall.	   Complications	   such	   as	  

fistulae,	  abscesses	  and	  strictures	  may	  occur	  as	  a	  result.	  	  

	  

Both	  UC	  and	  CD	  are	  associated	  with	  several	  extra-‐intestinal	  manifestations	  that	  may	  

occur	  during	  the	  initial	  presentation	  or	  later	  on	  in	  the	  disease	  course.	  These	  include	  
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oral	  ulcers,	  iritis,	  uveitis,	  erythema	  nodosum,	  and	  arthritis	  of	  the	  peripheral	  or	  axial	  

joints.	  	  

	  

Table	  1.1	  Montreal	  classification	  of	  ulcerative	  colitis	  (35).	  
	  
Classification	   Maximal	  extent	  of	  inflammation	  at	  colonoscopy	  

	  
E1	   Proctitis	  (Limited	  to	  rectum)	  

	  
E2	   Left-‐sided	  (Limited	  to	  proportion	  of	  colon	  distal	  to	  splenic	  flexure)	  

	  
E3	   Extensive	  (Inflammation	  extends	  proximal	  to	  splenic	  flexure,	  including	  pan-‐

colitis)	  
	  
	  
	  
	  
Table	  1.2	  Montreal	  classification	  of	  Crohn’s	  disease	  (35).	  
	  
Age	  of	  onset	   Location	   Behaviour	  
A1:	  ≤	  16	  years	  
	  
A2:	  17	  –	  40	  years	  
	  
A3:	  >	  40	  years	  
	  
	  

L1:	  Terminal	  Ileum	  
	  
L2:	  Colon	  
	  
L3:	  Ileo-‐Colonic	  
	  
L4:	  Upper	  Gastrointestinal	  
	  

B1:	  Non-‐stricturing,	  Non-‐penetrating	  
	  
B2:	  Stricturing	  
	  
B3:	  Penetrating	  
	  
Addition	  of	  ‘p’	  denotes	  peri-‐anal	  disease	  

Note:	   For	   location	  a	   combination	  of	   codes	   can	  be	  used	   (e.g.	   L1+L4	   for	  proximal	   and	  distal	  
ileal	  disease)	  
	  

	  

In	   diagnosing	   IBD,	   clinical	   symptoms	   need	   to	   be	   integrated	   with	   the	   results	   of	  

endoscopic,	   radiological,	   histopathology,	   and	   biochemical	   investigations.	   Its	   initial	  

presentation	   can	   be	   difficult	   to	   differentiate	   from	   alternative	   non-‐inflammatory	  

gastrointestinal	  (GI)	  disorders	  such	  as	  irritable	  bowel	  syndrome	  (IBS).	  Consequently,	  

a	  variety	  of	  non-‐invasive	  markers	  of	  gut	  inflammation	  have	  been	  examined	  (36,	  37).	  

Potentially	   the	  most	  applicable	  of	   these	   is	   calprotectin,	   a	   calcium	  and	   zinc	  binding	  
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protein	  found	  predominantly	   in	  neutrophils	   that	  can	  be	  quantitatively	  measured	   in	  

faeces	  by	  enzyme	  linked	  immunosorbent	  assay	  (ELISA)	  (38).	  Faecal	  calprotectin	  (FC)	  

has	   been	   shown	   to	   have	   a	   sensitivity	   and	   specificity	   of	   over	   80%	   in	   distinguishing	  

organic	  bowel	  disease	  from	  functional	  bowel	  disease,	  and	  it	  has	  been	  recommended	  

for	   screening	   patients	   with	   symptoms	   suggestive	   of	   irritable	   bowel	   syndrome	   in	  

primary	   care	   (39).	   A	   raised	   FC	   level	   in	   this	   setting	   indicates	   the	   possibility	   of	  

intestinal	  inflammation	  and	  so	  diagnoses	  other	  than	  IBS	  should	  be	  considered.	  	  

	  

Examination	  and	  biopsy	  of	   the	  colon	   is	  achieved	  through	  flexible	  sigmoidoscopy	  or	  

colonoscopy.	   Occasionally	   the	  macroscopic	   and	  microscopic	   features	   identified	   do	  

not	   allow	   a	   definite	   diagnosis	   of	   either	   UC	   or	   CD,	   and	   such	   cases	   are	   labelled	  

‘unclassified	  IBD’.	  Evaluation	  of	  the	  small	  bowel	  can	  be	  achieved	  via	  radiological	  or	  

endoscopic	  means,	  with	  choice	  of	  investigation	  depending	  on	  patient	  factors	  and	  the	  

availability	   of	   facilities.	   Barium	   studies	   involve	   a	   significant	   amount	   of	   radiation,	   a	  

particular	   concern	   in	   young	   patients	   at	   risk	   of	   repeated	   investigations,	   and	   this	  

together	   with	   its	   higher	   quality	   images	   make	   magnetic	   resonance	   imaging	   the	  

preferred	  option.	  Ultrasound	  and	  computed	  tomography	  scanning	  are	  also	  used	  to	  

evaluate	   IBD,	   the	   latter	   especially	   useful	   in	   excluding	   extraluminal	   complications	  

such	   as	   abscess	   formation.	   In	   addition,	   capsule	   endoscopy	   can	   examine	   the	   small	  

bowel,	   although	   it	   is	   not	   advisable	   if	   stenosis	   is	   suspected	   (40).	   An	   assessment	   of	  

disease	   activity,	   together	  with	   knowledge	   of	   the	   phenotypic	   classification,	   enables	  

clinicians	  to	  direct	  appropriate	  therapy	  for	  their	  patients.	  	  
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1.1.5	  Management	  

The	  aims	  of	  therapy	  are	  to	  induce	  and	  maintain	  a	  state	  of	  disease	  remission,	  thereby	  

improving	  quality	  of	  life	  and	  preventing	  disability.	  

	  

In	   ulcerative	   colitis	   5-‐aminosalicylates	   represent	   the	   first-‐line	   therapy	   for	   mild	   to	  

moderate	   disease.	   They	   act	   topically,	   and	   can	   be	   administered	   via	   oral	   or	   rectal	  

routes.	   If	   symptoms	   do	   not	   improve	   then	   corticosteroids	   are	   introduced	  with	   the	  

aim	   of	   using	   a	   short	   course	   that	   gradually	   tapers	   over	   a	   period	   of	   weeks.	  

Approximately	  one	  half	  of	  patients	  will	  have	  a	  prolonged	  response	  to	  corticosteroids,	  

remaining	   in	   remission	   at	   1	   year	   (41).	   Patients	   who	   need	   repeated	   courses	   of	  

corticosteroids	   to	   maintain	   remission	   are	   considered	   for	   thiopurine	  

immunosuppressive	  medication.	   In	   cases	   that	   are	   refractory	   to	   this	   regimen,	   anti-‐

tumour	   necrosis	   factor	   (anti-‐TNF)	   medication	   can	   be	   used,	   although	   there	   are	  

restrictions	  on	  its	  use	  in	  the	  UK	  (42).	  

	  

In	   acute	   severe	   colitis	   patients	   are	   admitted	   to	   hospital	   and	   receive	   intravenous	  

steroids.	   If	   there	   is	   a	   poor	   response	   after	   3-‐5	   days	   then	   ‘rescue	   therapy’	   with	  

ciclosporin,	  anti-‐TNF,	  or	  surgery	  is	  indicated.	  In	  the	  first	  10	  years	  after	  diagnosis	  16%	  

of	   patients	   with	   UC	   require	   colectomy	   (43).	   This	   generally	   involves	   a	  

proctocolectomy	   with	   either	   ileostomy	   or	   the	   formation	   of	   an	   ileal-‐pouch	   anal	  

anastomosis.	   In	   the	  acute	  setting,	  a	   two-‐stage	  surgical	  procedure	   is	  usually	  carried	  

out,	   with	   sub-‐total	   colectomy	   performed	   initially	   and	   then	   after	   recovery	   a	  

completion	  proctectomy	  or	  pouch	  formation	  is	  achieved.	  	  
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The	  management	  of	  Crohn’s	  disease	  is	  influenced	  by	  multiple	  factors	  and	  should	  be	  

tailored	   to	   the	   individual	   patient.	   Traditionally	   a	   ‘step-‐up’	   approach	   to	   medical	  

therapy	   has	   been	   implemented,	   in	   which	   more	   potent	   medication	   is	   gradually	  

introduced	  if	  disease	  activity	  is	  not	  sufficiently	  controlled.	  However,	  the	  recognition	  

of	   patient	   and	  disease	   characteristics	   that	   can	  predict	   an	  unfavourable	   course	  has	  

led	  to	  some	  centres	  adopting	  an	  ‘accelerated	  step-‐up’	  or	  even	  a	  ‘step-‐down’	  regimen	  

with	   the	   aim	   of	   reducing	   long-‐term	   morbidity	   (44,	   45).	   For	   example,	   a	   trial	   of	  

budesonide	  (a	  moderate-‐strength	  steroid	  preparation)	  may	  be	  appropriate	  first-‐line	  

treatment	   in	  an	  elderly	  patient	  with	  only	  mild	  terminal	   ileal	   inflammation,	  but	   in	  a	  

young	  patient	  with	  extensive	  ileo-‐colonic	  disease	  then	  early	  anti-‐TNF	  therapy	  should	  

be	  considered.	  	  

	  

Most	  CD	  patients	  will	  require	  long-‐term	  immunosuppressive	  medication	  (thiopurine,	  

methotrexate,	  or	  anti-‐TNF)	   to	  prevent	  disease	  recurrence	  once	  remission	  has	  been	  

achieved.	   In	   severe	  CD,	   a	   combination	  of	   thiopurine	  and	  anti-‐TNF	  medication	  may	  

achieve	   better	   results	   (46),	   however	   the	   benefits	   of	   these	   potent	  

immunosuppressive	  therapies	  need	  to	  be	  balanced	  against	  their	  associated	  risks	  of	  

infection	  and	  malignancy	  (47,	  48).	  

	  

The	   rate	   of	   surgical	   intervention	   is	   higher	   in	   CD	   compared	   to	  UC,	  with	   47%	  of	   CD	  

patients	  undergoing	  surgery	  in	  the	  first	  10	  years	  after	  diagnosis	  (43).	  Indications	  for	  

surgery	   include	   fibrostenotic	   strictures	   causing	   obstructive	   symptoms,	   complex	  

perianal	  or	  internal	  fistulas	  that	  do	  not	  respond	  adequately	  to	  medical	  therapy,	  and	  

abscess	   formation.	   Unfortunately	   surgery	   is	   not	   curative	   in	   Crohn’s	   disease	   as	   it	  
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recurs	   in	  a	  great	  number	  of	  patients.	  The	   recurrence	   rate	  varies	  depending	  on	   the	  

definition	  used,	  but	  in	  those	  patients	  not	  on	  therapy	  clinical	  recurrence	  rates	  of	  20-‐

25%	   per	   year	   have	   been	   reported	   (49).	   Patients	   are	   at	   risk	   of	   recurrent	   surgical	  

resection	   and	   so	   judicious	   decision-‐making	   is	   required	   to	   avoid	   the	   nutritional	  

complications	   of	   extensive	   small	   bowel	   resection.	   Stricturoplasty	   can	   offer	   a	   safe	  

alternative	  to	  resection	  for	  short	  ileal	  strictures.	  	  

	  

Other	   important	   aspects	   of	   management	   include	   nutritional	   support,	   smoking	  

cessation	  in	  Crohn’s	  disease,	  and	  psychological	  care.	  	  

	  

	  

1.1.6	  Disease	  Course	  and	  Monitoring	  

The	  course	  of	  IBD	  varies	  greatly	  between	  individuals.	  At	  one	  end	  of	  the	  spectrum	  it	  

will	   occur	   as	   a	   single	   mild	   episode	   that	   does	   not	   recur,	   and	   at	   the	   other	   end	   it	  

presents	   as	   a	   rapidly	   progressive	   colitis	   unresponsive	   to	   medical	   therapy.	   The	  

different	  patterns	  of	  disease	  activity	  are	  illustrated	  in	  Figure	  1.7.	  	  

	  

In	  the	  majority	  of	  cases	  IBD	  is	  a	  lifelong	  condition	  that	  consists	  of	  episodes	  of	  active	  

intestinal	  inflammation	  known	  as	  a	  relapse	  or	  flare,	  followed	  by	  periods	  of	  remission	  

during	   which	   the	   inflammation	   is	   quiescent	   and	   symptoms	   improve.	   A	   Danish	  

population-‐based	  study	  observed	  that	  in	  the	  initial	  5	  years	  after	  diagnosis	  of	  UC	  13%	  

had	  no	  relapses,	  74%	  had	  two	  or	  more	  relapses	  but	  not	  in	  every	  year,	  and	  13%	  had	  

active	   disease	   every	   year	   (50).	   The	   proportions	   were	   similar	   in	   CD	   patients,	   with	  

18%,	  57%,	  and	  25%	  in	  the	  same	  respective	  groups.	  
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With	   regards	   to	   overall	  mortality	   rates,	   a	  meta-‐analysis	   reported	   the	   standardised	  

mortality	  ratio	  for	  UC	  was	  1.19	  (95%	  CI	  =	  1.06-‐1.35)	  and	  for	  CD	  was	  1.38	  (95%	  CI	  =	  

1.23-‐1.55)	   indicating	   higher	   rates	   of	   death	   in	   both	   types	   of	   IBD	   relative	   to	   the	  

general	  population	  (51).	  

	  

Figure	  1.7	  Differing	  patterns	  of	  disease	  activity	   in	   IBD	  in	  terms	  of	  severity	  of	  bowel	  
symptoms	  from	  diagnosis	  to	  10-‐year	  follow-‐up.	  Taken	  with	  permission	  from	  Solberg,	  
Clinical	  Gastroenterology	  and	  Hepatology,	  2007	  (52).	  	  
	  

	  
	  



	   20	  

The	   relapsing-‐remitting	  nature	  of	   IBD	  dictates	   that	  patients	   frequently	   seek	  advice	  

from	   health	   professionals	   when	   they	   experience	   an	   increase	   in	   their	   abdominal	  

symptoms.	  In	  this	  situation,	  an	  accurate	  assessment	  of	  disease	  activity	  is	  essential	  to	  

planning	   appropriate	   management.	   Clinicians	   face	   a	   difficult	   balance	   between	  

prescribing	   empirical	   immunosuppressive	   medication	   and	   organising	   multiple	  

investigations,	   some	  of	  which	  may	  be	   invasive	  or	   involve	  exposure	   to	   radiation.	   In	  

general	  treatment	  is	  guided	  by	  patients’	  symptoms,	  however	  there	  is	  evidence	  that	  

the	  correlation	  between	  symptom-‐based	  assessment	  and	  disease	  activity	   is	   limited	  

(53).	  More	  accurate	  assessment	  may	  be	  achieved	  by	  using	  a	  non-‐invasive	  marker	  of	  

inflammation	   such	   as	   faecal	   calprotectin,	  which	   has	   been	   shown	   to	   correlate	  well	  

with	  disease	  activity	  in	  UC	  and	  CD,	  especially	  in	  colonic	  disease	  (54-‐57).	  If	  diagnostic	  

uncertainty	   still	   remains	   then	   endoscopic	   or	   radiological	   investigation	   may	   be	  

required.	  	  

	  

Several	  non-‐inflammatory	  conditions	  that	  can	  mimic	  active	  disease	  may	  need	  to	  be	  

excluded,	   particularly	   in	   patients	   with	   Crohn’s	   disease.	   Bile	   salt	   malabsorption	   is	  

common	  in	  patients	  with	  terminal	  ileal	  resection.	  Small	  bowel	  bacterial	  overgrowth	  

is	  associated	  with	  CD,	  especially	  in	  the	  presence	  of	  fistula	  or	  previous	  bypass	  surgery	  

with	   blind	   loop	   formation.	   High	   rates	   of	   lactose	   malabsorption	   have	   also	   been	  

reported	   (58).	   Lastly,	   there	   are	   functional	   disorders	   such	   as	   irritable	   bowel	  

syndrome,	   and	   these	   chronic	   conditions	   have	   the	   potential	   to	   cause	   diagnostic	  

uncertainty	  in	  patients	  with	  IBD.	  
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1.1.7	  Psychological	  Factors	  in	  Inflammatory	  Bowel	  Disease	  

Psychological	   disorders	   commonly	   exist	   in	   association	   with	   inflammatory	   bowel	  

disease.	   During	   remission	   29-‐35%	   of	   patients	   are	   reported	   to	   have	   anxiety	   or	  

depression,	   and	   in	   active	   disease	   rates	   as	   high	   as	   80%	   for	   anxiety	   and	   60%	   for	  

depression	  have	  been	  observed	  (59).	  Whilst	  these	  rates	  are	  higher	  than	  that	  found	  in	  

the	  general	  community,	   they	  are	  actually	  quite	  similar	  to	   levels	  present	   in	  patients	  

with	   other	   chronic	   illnesses	   such	   as	   rheumatoid	   arthritis	   and	   diabetes	   (60).	  Much	  

debate	  has	  occurred	  as	  to	  whether	  the	  psychological	  comorbidity	  occurs	  as	  a	  result	  

of	  having	  IBD,	  or	  whether	  it	  may	  actually	  have	  an	  aetiological	  role	  in	  the	  condition.	  

	  	  

Animal	   models	   have	   enabled	   the	   physiological	   mechanisms	   by	   which	   stress	   may	  

adversely	  impact	  on	  IBD	  to	  be	  examined	  in	  more	  detail.	  In	  rats,	  stress	  increased	  the	  

severity	  of	  hapten-‐induced	   colitis	   compared	   to	   controls	   (61),	   and	   in	  mice	   that	  had	  

recently	   recovered	   from	  colitis	   a	  period	  of	   stress	   increased	   the	   susceptibility	   to	   its	  

reactivation	  (62).	   In	  the	   latter	  study	  stress	  was	  associated	  with	   increased	   intestinal	  

permeability.	   Interestingly	   stress	   did	   not	   reactivate	   colitis	   in	   athymic	   or	  

immunodeficient	  mice,	   however	   when	   CD4	   T-‐cells	   taken	   from	  mice	  with	   previous	  

colitis	  were	   injected	   into	   immunodeficient	  mice,	   the	  colitis	  could	  be	  reactivated	  by	  

stress.	   This	   suggests	   that	   colitis	   reactivation	   by	   stress	   is	   immune	   mediated,	   and	  

indicates	   the	   ability	   of	   psychological,	   immune	   and	   luminal	   factors	   to	   interact	   and	  

reactivate	  quiescent	  colitis.	  

	  

Opinions	  on	  IBD	  have	  changed	  since	  the	  1950s	  when	  IBD	  was	  regarded	  by	  some	  as	  a	  

psychosomatic	   disorder.	   Early	   studies	   investigating	   the	   temporal	   relationship	  
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between	   psychological	   factors	   and	   IBD	   produced	   mixed	   conclusions	   and	   many	   of	  

these	   have	   subsequently	   been	   reviewed	   and	   found	   to	   contain	   significant	  

methodological	  flaws	  (63).	  Investigating	  psychiatric	  illness	  as	  a	  risk	  factor	  for	  disease	  

onset	   ideally	   requires	   the	   prospective	   study	   of	   affected	   individuals	   and	   matched	  

controls	  to	  identify	  if	  a	  difference	  in	  IBD	  incidence	  occurs,	  but	  the	  low	  prevalence	  of	  

IBD	   makes	   this	   impractical	   and	   so	   no	   such	   studies	   have	   been	   performed.	  

Consequently	  no	  convincing	  evidence	  exists	  to	  support	  psychological	  illness	  as	  a	  risk	  

factor	  for	  IBD	  onset	  (60).	  	  

	  

Examining	   the	   relationship	   between	  psychological	   factors	   and	   the	   course	  of	   IBD	   is	  

less	   complex	   and	   several	   prospective	   studies	   have	   suggested	   an	   unfavourable	  

association	   (64).	   In	   a	   study	   of	   62	   UC	   patients,	   high	   levels	   of	   long-‐term	   perceived	  

stress	  more	   than	   tripled	   the	   risk	   of	   relapse	   in	   the	   following	   8	  months	   (Figure	   1.8)	  

(65).	   Similarly	   in	   Crohn’s	   disease,	   perceived	   stress	   increased	   the	   risk	   of	   relapse,	  

whereas	  certain	  styles	  of	  coping	  mechanism	  reduced	  the	  risk	  (66).	  The	  presence	  of	  

depression	  has	  also	  been	  shown	  to	  predict	  a	  poorer	  course	  of	  disease	  (67).	  However	  

there	   are	   still	   problems	   with	   these	   studies	   in	   that	   frequently	   disease	   activity	   is	  

defined	   using	   clinical	   activity	   scores	   that	   can	   be	   influenced	   by	   subjective	   rating	   of	  

symptoms,	   as	   opposed	   to	   using	   objective	   markers	   of	   inflammation	   such	   as	  

endoscopy	  or	   faecal	   calprotectin.	   It	  has	  been	  suggested	   that	   the	   increased	   relapse	  

rate	   observed	   in	   those	   groups	   with	   high	   levels	   of	   anxiety	   and	   depression	   may	  

actually	  represent	  functional	  symptoms	  (known	  to	  be	  associated	  with	  psychological	  

comorbidity),	  rather	  than	  true	  inflammatory	  bowel	  disease	  activity	  (68).	  
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Figure	   1.8	   Kaplan-‐Meier	   analysis	   of	   cumulative	   rates	   of	   exacerbation	   in	   ulcerative	  
colitis	   patients	   with	   high,	   middle,	   and	   low	   tertile	   scores	   on	   long-‐term	   Perceived	  
Stress	   Questionnaire	   Scores	   (PSQ)	   at	   enrolment.	   Risk	   of	   exacerbation	   was	   higher	  
among	  patients	  with	  high	  long-‐term	  stress	   levels	  than	  among	  those	  with	  low	  levels	  
(p=0.03).	   Taken	   with	   permission	   from	   Levenstein,	   American	   Journal	   of	  
Gastroenterology,	  2000	  (65).	  
	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  

	  



	   24	  

1.2	  Irritable	  Bowel	  Syndrome	  

	  

1.2.1	  Introduction	  

The	  expression	   ‘functional	  disorder’	  has	  conventionally	  been	  used	  by	  physicians	   to	  

describe	  those	  symptoms	  that	  appear	  to	  lack	  a	  structural	  pathology.	  These	  disorders	  

are	   frequently	   encountered	   in	   the	   general	   population	   and	  prove	   less	   amenable	   to	  

explanation	  or	  effective	  treatment.	   In	  the	  field	  of	  gastroenterology	  they	  have	  been	  

classified	   using	   symptom	   based	   diagnostic	   criteria,	   produced	   by	   the	   Rome	  

Foundation,	   an	   organization	   set	   up	   to	   assist	   on	   the	   diagnosis	   and	   treatment	   of	  

functional	  gastrointestinal	  disorders	  (FGIDs).	  In	  adults,	  twenty-‐eight	  FGIDs	  have	  been	  

presented	   in	   six	   domains;	   oesophageal,	   gastroduodenal,	   bowel,	   abdominal	   pain,	  

biliary,	  and	  anorectal	  (69).	  

	  

The	  most	   common	   FGID	   in	   the	   bowel	   domain	   is	   irritable	   bowel	   syndrome.	   It	   is	   a	  

chronic	   gastrointestinal	   condition	   characterised	   by	   abdominal	   pain,	   bloating,	   and	  

alterations	   in	   bowel	   habit.	   It	   has	   been	   defined	   as	   “a	   functional	   bowel	   disorder	   in	  

which	   abdominal	   pain	   or	   discomfort	   is	   associated	   with	   defecation	   or	   a	   change	   in	  

bowel	  habit,	  and	  with	  features	  of	  disordered	  defecation”	  (70).	  	  

	  

Within	   this	   diagnosis	   of	   IBS,	   patients	   can	   be	   further	   classified	   according	   to	   the	  

consistency	  of	  their	  stools:	  IBS	  with	  constipation	  (IBS-‐C),	  IBS	  with	  diarrhoea	  (IBS-‐D),	  

mixed	   IBS	   (IBS-‐M),	   or	   unsubtyped	   IBS	   (IBS-‐U),	   (Table	   1.3).	   These	   subtypes	   are	  

unstable	  and	  in	  a	  patient	  population	  with	  equal	  proportions	  of	  IBS-‐D,	  IBS-‐C	  and	  IBS-‐

M,	  approximately	  75%	  of	  patients	  changed	  subtypes	  over	  a	  1-‐year	  period	  (71).	  
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Table	  1.3	  Subtyping	  IBS	  by	  predominant	  stool	  pattern	  (70).	  
	  
IBS	  Subtype	   Symptom	  Classification	  

	  
IBS	  with	  constipation	   Hard	  stools	  ≥25%,	  Loose	  stools	  <25%	  of	  bowel	  movements	  

	  
IBS	  with	  diarrhoea	   Loose	  stools	  ≥25%,	  Hard	  stools	  <25%	  of	  bowel	  movements	  

	  
Mixed	  IBS	   Hard	  stools	  ≥25%	  +	  Loose	  stools	  ≥25%	  of	  bowel	  movements	  

	  
Unsubtyped	  IBS	   Insufficient	  abnormality	  of	  stool	  consistency	  to	  subtype	  

	  
Hard	  Stools	  =	  Bristol	  Stool	  Form	  Scale	  1-‐2	  
Loose	  Stools	  =	  Bristol	  Stool	  Form	  Scale	  6-‐7	  
	  

	  

The	   Rome	   foundation	   has	   created	   a	   symptom-‐based	   questionnaire	   to	   provide	   a	  

clinical	   standard	   for	  diagnosis	   (70).	  Although	   this	  questionnaire	   is	   a	  useful	   tool	   for	  

research,	   many	   patients	   will	   undergo	   a	   series	   of	   investigations	   before	   being	  

diagnosed	  with	   IBS,	   and	   consequently	   in	   clinical	   practice	   it	   is	   often	   a	   ‘diagnosis	   of	  

exclusion’.	  

	  

Epidemiological	  studies	  have	  estimated	  the	  prevalence	  of	   IBS	   in	  western	  society	  to	  

be	  10-‐20%	  (72).	  Prevalence	  is	  higher	  in	  females	  (odds	  ratio	  =	  1.67;	  95%	  CI:	  1.53-‐1.82)	  

(73),	  and	  it	   is	  frequently	  associated	  with	  co-‐existing	  mood	  disorders	  (74-‐76).	  Whilst	  

there	  is	  no	  association	  between	  IBS	  and	  increased	  mortality,	  it	  does	  have	  a	  negative	  

impact	  on	  quality	  of	  life	  and	  leads	  to	  significant	  healthcare	  expenditure	  (77,	  78).	  
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1.2.2	  Pathophysiology	  

Several	   physiological	   abnormalities	   have	   been	   identified	   in	   patients	   with	   IBS.	  

Alterations	   in	   colonic	   motility	   have	   been	   observed	   and	   appear	   to	   depend	   on	   IBS	  

subtype.	   Increased	   motility	   and	   a	   greater	   number	   of	   high	   amplitude	   propagating	  

contractions	   occur	   in	   diarrhoea-‐predominant	   IBS,	   with	   the	   opposite	   occurring	   in	  

constipation-‐predominant	  patients	  (79,	  80).	  However	  these	  patterns	  of	  motility	  can	  

also	   occur	   in	   the	   asymptomatic	   population	   and	   so	   it	   is	   thought	   that	   visceral	  

hypersensitivity	   has	   a	   fundamental	   role	   in	   causing	   IBS	   symptoms	   (81,	   82).	   This	   is	  

supported	   by	   several	   studies	   in	   which	   IBS	   patients	   exhibited	   enhanced	   pain	  

sensitivity	  compared	  to	  controls	  in	  response	  to	  distension	  of	  the	  gut	  lumen	  (83,	  84).	  	  

	  

These	   physiological	   abnormalities	  were	   considered	   to	   be	   driven	   predominantly	   by	  

central	   factors	   via	   a	   neurohumoral	   communication	   known	   as	   the	   ‘brain-‐gut	   axis’.	  

This	   pathway	   facilitates	   the	   influence	   of	   psychological	   stress	   on	   gastrointestinal	  

physiology.	  However	  research	  during	  the	  last	  decade	  has	  raised	  awareness	  regarding	  

the	  involvement	  of	  peripheral	  factors	  in	  the	  development	  of	  IBS.	  	  

	  

1.2.2.1	  Central	  Mechanisms:	  The	  Brain-‐Gut	  Axis	  

Bidirectional	  communication	  occurs	  between	  the	  central	  nervous	  system	  (CNS)	  and	  

the	  gastrointestinal	  tract	  through	  a	  neurohumoral	  system	  that	  has	  been	  termed	  the	  

brain-‐gut	  axis	  (Figure	  1.9).	  	  Inside	  the	  wall	  of	  the	  gut	  exists	  a	  substantial	  amount	  of	  

neural	   tissue	  which	   is	   known	  as	   the	  enteric	  nervous	   system	   (ENS).	   This	   consists	  of	  

the	  myenteric	  and	  submucosal	  plexuses	  and	  contains	  around	  500	  million	  neurones.	  

It	   possesses	   internal	   reflex	   circuits	   that	   can	   regulate	   digestive	   function	   without	  
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direction	   from	   the	   brain,	   however	   this	   independence	   is	   modulated	   by	   the	   CNS	  

through	   connections	   via	   the	   autonomic	   nervous	   system	   (ANS)	   (85).	   Through	   this	  

pathway	  GI	  motility	  and	  secretions	  can	  be	  influenced.	  	  

	  

Figure	   1.9	   Pathways	   mediating	   the	   effects	   of	   stress	   on	   the	   gastrointestinal	   tract.	  
ACTH,	   adrenocorticotrophic	   hormone;	   CRF,	   corticotrophin	   releasing	   factor.	   Taken	  
with	  permission	  from	  Mawdsley,	  Gut,	  2005	  (63).	  
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The	   stress	   response	   is	   formed	   by	   elements	   located	   in	   the	   CNS	   and	   in	   peripheral	  

organs.	  The	  two	  principal	  neuroendocrine	  systems	   involved	   in	  producing	  the	  stress	  

response	   are	   the	   hypothalamic-‐pituitary-‐adrenal	   (HPA)	   axis	   and	   the	   ANS.	   Upon	  

evaluating	  a	  situation	  to	  be	  stressful,	  inputs	  from	  both	  limbic	  circuits	  and	  brainstem	  

centres	   instigate	   neurosecretory	   cells	   in	   the	   paraventricular	   nucleus	   of	   the	  

hypothalamus	   to	   release	   corticotrophin-‐releasing	   hormone	   (CRH)	   and	   arginine	  

vasopressin	  (AVP)	  (86).	  In	  the	  HPA	  axis,	  CRH	  and	  AVP	  act	  on	  the	  anterior	  pituitary	  to	  

increase	   adrenocorticotrophic	   hormone	   secretion	   into	   the	   systemic	   circulation,	  

which	   consequently	   stimulates	   glucocorticoid	   production	   from	   the	   adrenal	   cortex.	  

CRH	   also	   activates	   nuclei	   of	   the	   ANS	   in	   the	   brainstem.	   This	   leads	   to	   release	   of	  

catecholamines,	   both	   from	   the	   adrenal	   medulla	   via	   the	   sympathetic-‐adrenal-‐

medullary	   axis,	   and	   directly	   from	   postganglionic	   sympathetic	   nerve	   fibres.	  

Glucocorticoids	  and	  catecholamines	  are	  the	  main	  peripheral	  mediators	  of	  the	  stress	  

response	  and	  their	  actions	  are	  exerted	  on	  systems	  throughout	  the	  body	  (87).	  

	  

In	   healthy	   human	   volunteers	   stress	   has	   been	   shown	   to	   enhance	   colonic	   motility,	  

increase	  jejunal	  water	  and	  ion	  secretions,	  and	  intensify	  the	  sensation	  of	  urgency	   in	  

response	  to	  rectal	  distension	  (88-‐90).	  Studies	  using	  animal	  models	  demonstrate	  that	  

stress	   also	   increases	   intestinal	   permeability,	   potentially	   facilitating	   exposure	   of	  

luminal	  macromolecules	  and	  antigenic	  factors	  to	  the	  mucosal	  immune	  system	  (91).	  It	  

is	   apparent	   that	   both	   the	   HPA-‐axis	   and	   the	   ANS	   are	   involved	   in	   producing	   these	  

changes	  (63,	  92).	  
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1.2.2.2	  Peripheral	  Mechanisms	  

A	  direct	  relationship	  has	  been	  reported	  between	  episodes	  of	  gastroenteritis	  and	  the	  

subsequent	   development	   of	   IBS.	   This	   specific	   form	   of	   IBS	   has	   been	   termed	   post-‐

infectious	   IBS	   (PI-‐IBS).	   Risk	   factors	   for	   developing	   PI-‐IBS	   include	   toxicity	   of	   the	  

infecting	   organism	   and	   the	   presence	   of	   psychological	   comorbidity.	   Typically	  

infections	   associated	   with	   mucosal	   ulceration	   such	   as	   Campylobacter	   jejuni	   are	  

associated	   with	   subsequent	   PI-‐IBS,	   whereas	   it	   occurs	   much	   less	   frequently	   after	  

episodes	   of	   viral	   gastroenteritis.	   The	   observation	   that	   anxious	   and	   depressed	  

patients	   are	   more	   likely	   to	   develop	   PI-‐IBS	   potentially	   suggests	   an	   interaction	  

between	  central	  and	  peripheral	  factors	  in	  developing	  this	  condition.	  Examination	  of	  

colonic	   mucosa	   in	   patients	   with	   PI-‐IBS	   reveals	   persistent	   enterochromaffin	   cell	  

hyperplasia	   and	   raised	   levels	   of	   lymphocytes	   suggestive	   of	   ongoing	   inflammation;	  

changes	  that	  are	  present	  even	  at	  1	  year	  after	  the	  initial	  infection	  (93).	  

	  

Observations	  of	  intestinal	  dysbiosis	  in	  patients	  with	  IBS	  may	  provide	  further	  support	  

for	   the	   pathological	   role	   of	   gut	  microbes,	   however	   it	   remains	   difficult	   to	   establish	  

whether	   these	   differences	   in	   the	  microbiota	   are	   primary	   or	   secondary	   events.	   An	  

increased	  ratio	  of	  firmicutes	  bacteria	  to	  bacteroidetes	  has	  been	  reported	  in	  patients	  

with	   IBS,	  but	   this	  has	  also	  been	   shown	   to	  occur	   in	   rats	  after	   the	  administration	  of	  

excess	   bile	   acids.	   (94-‐96).	   Potentially	   intestinal	   dysbiosis	   could	   have	   functional	  

impacts	  in	  the	  form	  of	  an	  increased	  synthesis	  of	  short	  chain	  fatty	  acids	  (SCFAs)	  and	  

intestinal	  gas	  (95,	  97).	  	  
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Dietary	   carbohydrates	   that	   are	   not	   digested	  or	   absorbed	   in	   the	   small	   bowel	   enter	  

the	  colon	  and	  undergo	  bacterial	   fermentation.	  This	  produces	  SCFAs	  which	  are	  able	  

to	   alter	   colonic	   motility	   and	   secretion.	   Animal	   models	   demonstrate	   that	   SCFAs	  

stimulate	   colonic	   transit	   and	   initiate	   high	   amplitude	   propagating	   contractions	  

through	   the	   release	   of	   serotonin	   from	  mucosal	   enterochromaffin	   cells	   (98,	   99).	   In	  

addition	  they	  induce	  transepithelial	  ion	  and	  fluid	  transport	  in	  the	  distal	  colon	  (100).	  

Serotonin	  acts	  through	  receptors	  located	  on	  the	  submucosal	  and	  myenteric	  neurons	  

of	   the	   enteric	   nervous	   system,	   and	   can	   stimulate	   contraction	   or	   relaxation	   of	   the	  

intestinal	  smooth	  muscle.	  	  

	  

Levels	  of	  serotonin	  have	  been	  observed	  to	  vary	  depending	  on	  IBS-‐subtype;	  with	  IBS-‐

D	  patients	  having	  raised	  concentrations	  of	  plasma	  serotonin	  whereas	  IBS-‐C	  patients	  

exhibited	  a	  reduced	  serotonin	  response	  to	  meal	  ingestion	  (101).	  Further	  variations	  in	  

the	   gut	   endocrine	   system	   of	   IBS	   patients	   have	   been	   identified,	   in	   particular	   with	  

regards	   to	   cholecystokinin	   activity,	   however	   reports	   have	   been	   inconsistent	   and	  

more	  research	  into	  the	  role	  of	  enteroendocrine	  cells	  is	  required	  (102).	  	  

	  

Low-‐grade	   mucosal	   inflammation	   appears	   to	   be	   a	   feature	   in	   post-‐infectious	   IBS,	  

however	   its	   role	   in	   the	   general	   IBS	   population	   has	   yet	   to	   be	   established.	   Several	  

studies	  have	  reported	  an	  increase	  in	  mucosal	  mast	  cell	  activity	  and	  plasma	  levels	  of	  

pro-‐inflammatory	  cytokines,	  particularly	   in	  diarrhoea	  predominant	  cases,	  but	  these	  

findings	  have	  not	  been	  consistently	  replicated	  (103).	  Activation	  of	  mast	  cells	  causes	  

release	   of	  mediating	   compounds	   such	   as	   histamine	   and	   tryptase	   that	   can	   activate	  

sensory	  nerves	  innervating	  the	  GI	  tract.	  The	  proximity	  of	  mast	  cells	  to	  mucosal	  nerve	  
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fibres	  correlated	  with	  the	  frequency	  and	  severity	  of	  abdominal	  pain	  in	  IBS	  patients,	  

and	   in	   rat	  models	   the	   release	  of	  mast	   cell	  mediators	  excited	  nociceptive	  neurones	  

indicating	  a	  potential	  mechanism	  for	  visceral	  hypersensitivity	  (104,	  105).	  

	  

Visceral	   sensations	   are	   transmitted	   from	   the	   gut	   via	   afferent	   nerves	   travelling	  

through	   the	   spinal	   cord	   to	   the	   brain.	   The	   sensation	   of	   pain	   arises	   when	   noxious	  

stimuli	   activate	   ion	   channels	   located	   on	   nociceptor	   terminals	   and	   cause	   the	  

nociceptive	   afferent	   neurone	   to	   be	   depolarised.	   These	   ion	   channels	   include	   the	  

transient	  receptor	  potential	  vanilloid	  1	  (TRPV1)	  channel,	  a	  member	  of	  the	  transient	  

receptor	  potential	  family	  of	  ion	  channels	  that	  mediate	  a	  variety	  of	  sensations.	  TRPV1	  

can	   be	   activated	   by	   capsaicin	   and	   inflammatory	  mediators,	   and	   data	   from	   animal	  

studies	  have	  suggested	  a	  role	  in	  visceral	  hypersensitivity	  (106).	  Interestingly,	  TRPV1	  

nerve	  fibres	  have	  been	  found	  to	  be	  present	  in	  significantly	  greater	  numbers	  on	  the	  

colonic	  biopsies	  of	  IBS	  patients	  compared	  to	  controls	  (107).	  	  They	  were	  observed	  in	  

all	   IBS	   subtypes	   and	   their	   presence	   correlated	   with	   abdominal	   pain	   scores.	   This	  

finding	   represents	   a	   further	   explanation	   for	   the	   visceral	   hypersensitivity	   that	   is	  

present	  in	  IBS.	  	  
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1.2.3	  Management	  

	  

1.2.3.1	  Dietary	  Modification	  

A	  considerable	  proportion	  of	  patients	  with	  IBS	  believe	  that	  diet	  has	  a	  causative	  role	  

in	   their	   symptoms	   and	   as	   a	   result	   many	   will	   exclude	   certain	   foods	   from	   their	  

nutrition	  (108-‐110).	  There	  is	  recognition	  in	  the	  general	  public	  that	  ‘dietary	  fibre’	  can	  

influence	  bowel	  habit	  and	  so	  many	  will	  try	  increasing	  their	  levels	  of	  fibre	  intake	  as	  a	  

first	  step	  in	  their	  management.	  The	  term	  ‘fibre’	  refers	  to	  soluble	  and	  insoluble	  non-‐

starch	  polysaccharides	  which	  are	  plentiful	   in	  fruit,	  vegetables	  and	  cereals.	  However	  

there	   is	   actually	   little	   data	   supporting	   this	   approach,	   and	   paradoxically	   it	   may	  

exacerbate	   symptoms.	   Current	   recommendations	   are	   that	   a	   trial	   of	   cereal	   fibre	  

exclusion	   should	   be	   considered,	   but	   that	   if	   fibre	   supplementation	   is	   thought	  

necessary	  then	  soluble	  forms	  such	  as	  ispaghula	  are	  probably	  the	  best	  choice	  (81).	  	  

	  

Malabsorption	  of	  individual	  carbohydrates	  such	  as	  lactose	  and	  fructose	  is	  known	  to	  

cause	   abdominal	   symptoms,	   but	   their	   respective	   exclusion	   diets	   have	   had	   limited	  

success	   (111-‐113).	   Consequently,	   a	   new	   approach	   that	   involves	   excluding	   a	  much	  

broader	   range	   of	   short	   chain	   carbohydrates	   has	   been	   developed.	   This	   reduces	  

dietary	  intake	  of	  fermentable	  oligosaccharides,	  disaccharides,	  monosaccharides	  and	  

polyols	   and	   has	   been	   called	   the	   FODMAP	   diet	   (114).	   In	   addition	   to	   lactose	   and	  

fructose	   are	   fructo-‐	   and	   galacto-‐oligosaccharides,	   and	   sugar	   alcohols	   (sorbitol,	  

mannitol,	   xylitol	   and	   maltitol).	   These	   compounds	   share	   three	   common	   functional	  

properties	   in	   that	   they	   are	   poorly	   absorbed	   in	   the	   intestines,	   they	   are	   osmotically	  

active,	   and	   they	   are	   rapidly	   fermented	   by	   gut	   bacteria.	   This	   leads	   to	   excess	   SCFA	  
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production,	  together	  with	  an	  increase	  in	  the	  volume	  of	   intestinal	  fluid	  and	  gas	  that	  

distends	  the	  lumen.	  

	  

These	   physiological	   properties	   have	   been	   demonstrated.	   A	   high	   FODMAP	   diet	   has	  

been	  shown	  to	  increase	  delivery	  of	  fluid	  and	  fermentable	  substrate	  to	  the	  proximal	  

colon	  (115).	  It	  also	  led	  to	  increased	  hydrogen	  gas	  production	  in	  both	  IBS	  and	  healthy	  

populations	   compared	   to	   the	   low	   FODMAP	   diet	   (116).	   Interestingly,	   in	   this	   latter	  

study,	   patients	   with	   IBS	   produced	   significantly	   more	   hydrogen	   gas	   than	   healthy	  

volunteers	   suggesting	   that	   there	   is	   indeed	   increased	   fermentation	   in	   this	   group,	  

possibly	   as	   a	   result	   of	   altered	  motility	   or	   intestinal	   dysbiosis.	   Therefore	   it	   appears	  

that	   FODMAPs	   produce	   gut	   distension	   in	   both	   healthy	   and	   IBS	   populations	   but	  

symptoms	  are	  of	  a	  higher	  severity	  in	  the	  IBS	  group	  partly	  due	  to	  a	  greater	  amount	  of	  

fluid	  and	  gas	  production	  and	  partly	  due	  to	  visceral	  hypersensitivity.	  	  

	  

Whereas	   the	   success	   of	   exclusion	   diets	   which	   focused	   on	   just	   one	   form	   of	  

carbohydrate	  may	  have	  been	  limited	  by	  the	  effects	  of	  other	  sugars,	  the	  emphasis	  of	  

the	  low	  FODMAP	  diet	  is	  that	  it	  restricts	  all	  short	  chain	  carbohydrates	  that	  are	  poorly	  

absorbed	   and	   in	   this	   way	   aims	   to	   improve	   efficacy	   in	   symptom	   control.	   Certainly	  

early	  studies	  suggest	  a	  benefit	  in	  IBS	  patients	  (117-‐119).	  	  
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1.2.3.2	  Medication	  

The	  symptomatic	  treatment	  of	  abnormal	  transit	  with	  laxatives	  or	  anti-‐motility	  agents	  

is	   relatively	   straightforward,	   but	   identifying	   an	   effective	   therapy	   for	   the	   cardinal	  

symptoms	  of	  abdominal	  pain	  and	  bloating	  remains	  more	  difficult.	  

	  

Antispasmodics	   such	   as	   mebeverine	   or	   hyoscine	   aim	   to	   reduce	   the	   increased	  

contractility	  that	  is	  seen	  particularly	  in	  IBS-‐D	  patients.	  A	  meta-‐analysis	  showed	  56%	  

patients	  on	  active	  drug	  reported	  global	  improvement	  versus	  38%	  for	  placebo	  (NNT	  =	  

5.5),	   and	   53%	   v	   41%	   for	   abdominal	   pain	   (NNT	   =	   8.3)	   (120).	   A	  more	   recent	  meta-‐

analysis	   reported	   similar	   results	  with	  a	  NNT	   to	  prevent	  a	  patient	  having	  persistent	  

symptoms	  being	  five	  (121).	  	  

	  

Antidepressant	   medication	   is	   used	   in	   the	   treatment	   of	   IBS	   due	   to	   their	   potential	  

modulation	   of	   pain	   perception.	   Additional	   psychological	   benefits	  may	   occur	   in	   the	  

presence	  of	  concurrent	  mood	  disorder.	  The	  most	  commonly	  used	  forms	  are	  tricyclic	  

antidepressants	   (TCAs)	   and	   selective	   serotonin	   reuptake	   inhibitors	   (SSRIs).	   Meta-‐

analysis	  has	  reported	  that	  they	  are	  equally	  effective	  and	  provide	  significant	  benefit	  

compared	  to	  placebo	  in	  patients	  with	  IBS,	  with	  a	  NNT	  of	  4	  (122).	  	  

	  

Serotonin	  (5-‐HT)	  is	  involved	  in	  the	  regulation	  of	  gastrointestinal	  secretion,	  sensation	  

and	  motility.	  Of	  the	  seven	  5-‐HT	  receptor	  subtypes,	  5-‐HT3	  and	  5-‐HT4	  appear	  to	  be	  the	  

most	   important	   in	   this	   particular	   role	   and	   have	   thus	   been	   identified	   as	   possible	  

therapeutic	  targets	  (123).	  Alosetron,	  a	  5-‐HT3	  receptor	  antagonist	  has	  been	  shown	  to	  

improve	   symptoms	   in	   IBS-‐C	   compared	   to	  placebo	  with	  a	  NNT	  of	  8	   (122).	   Similarly,	  
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Tegaserod,	  a	  5-‐HT4	  agonist	  was	   reported	  to	   improve	   IBS-‐C	  with	  a	  NNT	  of	  10	   (122).	  

However	   in	  both	  cases	   there	  are	  concerns	   regarding	   their	   long-‐term	  safety,	  with	  a	  

small	  number	  of	  patients	  developing	  ischaemic	  colitis	  on	  alosetron,	  and	  an	  increased	  

number	  of	  cardiovascular	  and	  cerebrovascular	  events	  with	  tegaserod.	  Highly	  specific	  

5-‐HT4	   agonists	   such	   as	   prucalopride	   have	   been	   developed	   for	   treating	   chronic	  

constipation	   and	   may	   prove	   to	   be	   a	   safe	   effective	   treatment	   in	   constipation	  

predominant	  IBS	  in	  the	  future	  (124).	  

	  

Trials	  of	  antibiotics	  and	  probiotics	  have	  investigated	  manipulation	  of	  intestinal	  flora.	  

A	   two-‐week	  course	  of	   the	  non-‐absorbable	  antibiotic	   rifaximin	  showed	  benefit	  over	  

placebo	  with	  a	  NNT	  of	  10	  (125).	  Probiotics	  may	  offer	  some	  benefit	  with	  symptoms	  of	  

bloating	  but	  larger	  trials	  are	  required	  before	  definitive	  conclusions	  are	  made	  (126).	  	  

	  

Trials	   of	   anti-‐inflammatory	   agents	   have	   generally	   involved	   small	   numbers	   of	  

participants	  and	  produced	  mixed	  results	  (127-‐129).	  They	  are	  not	  currently	  employed	  

in	  normal	  clinical	  practice.	  Other	  potential	  new	  therapies	  include	  intestinal	  chloride	  

secretagogues,	  bile	  acid	  modulation,	  and	  mast	  cell	  stabilisers	  (126).	  

	  

Many	  of	  the	  therapeutic	  studies	  described	  in	  this	  section	  have	  used	  meta-‐analysis.	  It	  

is	  important	  to	  reflect	  that	  despite	  the	  obvious	  advantages	  of	  this	  method	  there	  are	  

also	  potential	  flaws,	  such	  as	  the	  studies	  included	  in	  the	  analysis	  being	  influenced	  by	  

personal	  or	  publication	  bias.	  Thus,	  caution	  is	  required	  when	  interpreting	  the	  quoted	  

NNT	   figures,	   particularly	  when	   it	   is	   being	   used	   in	   such	   a	   heterogeneous	   condition	  

such	  as	  IBS.	  	  
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1.2.3.3	  Psychological	  Interventions	  

The	   theory	   that	   IBS	   is	   a	   centrally	   driven	   disorder	   facilitated	   by	   the	   brain-‐gut	   axis,	  

together	  with	  the	  frequent	  co-‐existence	  of	  mood	  disorders,	  has	  led	  to	  psychological	  

interventions	  being	  employed	  in	  its	  management.	  

	  

A	   variety	  of	   techniques	  have	  been	   studied	   including	   cognitive	  behavioural	   therapy	  

(CBT),	   relaxation	   training,	   hypnotherapy,	   mindfulness	   based	   therapy,	   dynamic	  

psychotherapy,	   and	   a	   combined	  multi-‐therapy	   approach.	   Typically	   these	   consist	   of	  

face-‐to-‐face	   sessions	   with	   therapists	   on	   an	   individual	   or	   group-‐based	   format,	  

however	  more	   recently	  options	   for	   self-‐taught	  or	   internet-‐based	   intervention	  have	  

been	  developed	  (130,	  131).	  

	  

A	  meta-‐analysis	  of	  psychological	   interventions	   in	   this	  setting	  concluded	  that	  a	  NNT	  

to	  prevent	  IBS	  symptoms	  persisting	  in	  one	  patient	  was	  four	  (75).	  CBT	  had	  the	  most	  

evidence	   available,	   but	   all	   forms	   appeared	   to	   have	   similar	   efficacy,	   except	   for	  

relaxation	   training	   which	   showed	   no	   statistically	   significant	   benefit.	   There	   were	  

several	   limitations	   of	   this	   analysis	   with	   the	   studies	   examined	   having	   inadequate	  

power	  calculations,	  variable	  definitions	  of	  IBS,	  and	  short	  follow-‐up	  periods	  with	  the	  

majority	  only	  being	  for	  8	  to	  12	  weeks.	  	  

	  

The	  views	  of	  patients	  on	   the	  use	  of	  psychotherapy	  will	   vary	  and	  can	   influence	   the	  

outcome.	  It	  is	  important	  to	  discuss	  the	  options	  available	  and	  elicit	  their	  preferences	  

before	  referral.	  The	  most	  benefit	  is	  likely	  to	  come	  from	  those	  patients	  who	  are	  keen	  

to	  pursue	  psychological	  intervention	  or	  those	  with	  concurrent	  anxiety	  or	  depression	  

(81).	  	  
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1.3	  Irritable	  Bowel	  Syndrome	  in	  Inflammatory	  Bowel	  Disease	  

	  

1.3.1	  Introduction	  

Considering	  the	  prevalence	  of	  IBS	  in	  the	  general	  population,	  it	  is	  to	  be	  expected	  that	  

a	   proportion	   of	   patients	   with	   IBD	   will	   also	   have	   co-‐existing	   IBS.	   Indeed,	   when	  

patients	  whose	  IBD	  is	  in	  remission	  as	  defined	  by	  clinical	  criteria	  are	  assessed	  for	  the	  

presence	  of	   IBS-‐type	  symptoms,	   the	  prevalence	   is	  32-‐39%	   in	  UC	  and	  42-‐60%	   in	  CD	  

(132-‐134).	  Anxiety	  levels	  are	  higher,	  and	  quality	  of	  life	  scores	  are	  lower	  in	  this	  group	  

when	   compared	   to	   those	   asymptomatic	   patients	   whose	   IBD	   is	   in	   remission	   (133-‐

135).	  	  

	  

	  

1.3.2	  Aetiology	  of	  IBS-‐type	  symptoms	  in	  patients	  with	  IBD	  

The	   reported	  prevalence	  of	   IBS-‐type	   symptoms	   in	  patients	  with	   IBD	   is	   higher	   than	  

that	  observed	  in	  the	  general	  population	  and	  so	  there	  is	  uncertainty	  as	  to	  the	  exact	  

nature	   of	   these	   symptoms.	   An	   obvious	   consideration	   in	   IBD	   is	   whether	   active	  

inflammation	   may	   be	   responsible;	   even	   those	   patients	   who	   appear	   to	   be	   in	  

remission	   clinically	  may	   have	   ongoing	   sub-‐clinical	   inflammation.	   The	   only	   previous	  

study	   to	   evaluate	   this	   hypothesis	   found	   that	   FC	   levels	  were	   significantly	   higher	   in	  

patients	   in	   clinical	   remission	   with	   IBS-‐type	   symptoms	   compared	   to	   those	   without	  

(132).	   The	   authors	   concluded	   that	   IBS-‐type	   symptoms	   reflected	   subclinical	  

inflammation,	   however	   no	   analysis	   of	   those	   patients	   with	   a	   normal	   FC	   level	   was	  

reported.	  
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Evidence	   that	   IBS-‐type	   symptoms	   in	   IBD	   patients	   are	   not	   simply	   due	   to	   ongoing	  

inflammation	   has	   come	   from	   the	   study	   of	   pain	   receptors	   in	   these	   patients.	   The	  

presence	  of	  TRPV1	  receptors,	  known	  to	  be	  associated	  with	  IBS,	  has	  been	  studied	  in	  

IBD	  patients	  who	  were	  confirmed	  to	  be	   in	  complete	   remission	  with	  normal	  clinical	  

activity	  scores,	  FC	   level,	  and	  mucosal	  appearance	  on	  colonoscopy.	  Colonic	  biopsies	  

revealed	   a	   significant	   increase	   in	   TRPV1	   fibres	   in	   those	   patients	   with	   IBS-‐type	  

symptoms	  compared	  to	  those	  who	  were	  asymptomatic.	  The	  increased	  TRPV1	  levels	  

were	   considered	   to	   be	   driven	   by	   nerve	   growth	   factor,	   which	   in	   turn	   can	   be	  

influenced	  by	  psychosocial	   aspects,	  with	  higher	   levels	   found	   in	   stress.	  Anxiety	   and	  

depression	   scores	   in	   this	   group	   were	   indeed	   significantly	   higher	   than	   in	  

asymptomatic	   patients	   (136).	   It	   is	   clear	   that	   further	   investigation	   of	   IBS-‐type	  

symptoms	   in	   IBD	   patients	   is	   required	   to	   establish	   the	   contribution	   of	   sub-‐clinical	  

inflammation	  compared	  to	  ‘true	  IBS’.	  

	  

	  

1.3.3	  Pitfalls	  of	  IBS-‐type	  symptoms	  in	  IBD	  

The	  overlapping	  spectrum	  of	  symptoms	  that	  IBS	  and	  IBD	  share,	  make	  this	  cohort	  of	  

patients	   that	   report	  bloating,	  discomfort	  and	  altered	  bowel	  habit	  despite	   their	   IBD	  

being	   in	   remission,	  a	   complex	   situation	   to	  manage.	  This	   is	  particularly	  problematic	  

given	  the	  fluctuating	  activity	  of	  IBD	  in	  which	  it	  can	  be	  difficult	  to	  determine	  if	  a	  true	  

relapse	  is	  occurring.	  Significant	  functional	  symptoms	  in	  a	  patient	  with	  quiescent	  IBD	  

may	  lead	  to	  the	  overuse	  of	  potent	  immunosuppressive	  medication,	  but	  alternatively	  

a	  clinician’s	  suspicion	  of	  IBS	  in	  a	  patient	  with	  persistent	  inflammation	  could	  lead	  to	  

under-‐treatment	  of	  active	  disease.	  The	  possibility	  of	  coexistent	  IBS	  affecting	  clinical	  
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activity	  indices	  for	  IBD	  such	  as	  the	  Harvey-‐Bradshaw	  index	  (HBI)	  or	  the	  simple	  clinical	  

colitis	   activity	   index	   (SCCAI)	   that	   rely	   on	   clinical	   symptoms	   to	   determine	   whether	  

patients	  are	  in	  remission	  is	  also	  a	  concern	  (137,	  138).	  It	  has	  been	  speculated	  that	  this	  

may	  account	  for	  apparent	  discrepancies	  in	  some	  therapeutic	  IBD	  trials.	  

	  

Various	  potential	  biomarkers	  for	  IBS	  have	  been	  studied,	  including	  measurements	  of	  

intestinal	  motility	  (139),	  visceral	  sensory	  perception	  (83),	  and	  imaging	  of	  the	  central	  

nervous	   system	   (140).	  As	  knowledge	  of	   the	  pathophysiology	  of	   IBS	  has	  developed,	  

interest	   has	   now	   been	   directed	   towards	   identifying	   molecular	   markers	   of	   gene	  

expression	  and	  immune	  mediators	  such	  as	  cytokines	  (105).	  However	  these	  methods	  

have	   not	   been	   introduced	   into	   routine	   practice	   as	   the	   techniques	   involved	   are	  

complex	   and	   expensive,	   and	   have	   not	   yet	   produced	   consistent	   results	   in	  

discriminating	  IBS	  from	  controls.	  

	  

The	  benefit	   of	   identifying	   a	   reliable	   biomarker	   for	   IBS	   in	   the	   general	   population	   is	  

obvious.	   However,	   in	   a	   similar	   fashion	   it	   would	   be	   extremely	   useful	   in	   the	  

management	  of	  IBD	  patients	  in	  whom	  IBS-‐type	  symptoms	  were	  present.	  The	  ability	  

to	   positively	   diagnose	   IBS	   in	   this	   setting	   would	   reduce	   the	   amount	   of	   invasive	   or	  

radiological	  investigation,	  and	  enable	  treatment	  to	  be	  directed	  more	  effectively.	  	  	  

	  

The	  management	  of	  IBS-‐type	  symptoms	  in	  patients	  with	  inflammatory	  bowel	  disease	  

has	  never	  been	  addressed	  directly.	  Whether	   those	  strategies	   that	  are	  employed	   in	  

managing	  IBS	  in	  the	  general	  population	  would	  also	  be	  effective	  in	  the	  IBD	  population	  

is	   unclear.	   The	   quality	   of	   life	   in	   IBD	   patients	   who	   report	   IBS-‐type	   symptoms	   is	  
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significantly	   lower	   than	   their	   asymptomatic	   counterparts	   and	   so	   potentially	   they	  

should	   represent	   a	   therapeutic	   target.	   Further	   investigation	   is	   required	   to	   identify	  

effective	  management	  options	  for	  this	  group	  of	  patients.	  	  
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1.4	  Objectives	  

The	  initial	  aim	  of	  the	  work	  described	  in	  this	  thesis	  was	  to	  establish	  the	  nature	  of	  IBS-‐

type	   symptoms	   in	  patients	  with	   inflammatory	  bowel	  disease.	  The	   intention	  was	   to	  

clarify	  the	  role	  of	  sub-‐clinical	  inflammation	  in	  causing	  these	  symptoms	  and	  to	  assess	  

the	  impact	  they	  have	  on	  the	  clinical	  assessment	  of	  disease	  activity.	  

	  

Having	   defined	   the	   patient	   group,	   the	   next	   objective	   was	   to	   examine	   potential	  

biomarkers	  of	  irritable	  bowel	  syndrome	  and	  evaluate	  their	  use	  in	  the	  IBD	  population.	  

Potentially	   these	  would	  enable	  a	  positive	  diagnosis	  of	   IBS	   to	  be	  made	  and	  thereby	  

reduce	  the	  need	  for	  invasive	  investigations.	  

	  

The	  final	  aim	  was	  to	  examine	  a	  therapy	  for	  improving	  IBS-‐type	  symptoms	  in	  patients	  

with	  IBD.	  It	  was	  anticipated	  that	  an	  improvement	  in	  these	  symptoms	  would	  enhance	  

overall	  quality	  of	  life.	  	  

	  

	  

1.5	  Overall	  Hypothesis	  

A	  significant	  amount	  of	  morbidity	  in	  patients	  with	  inflammatory	  bowel	  disease	  is	  due	  

to	  non-‐inflammatory	  mechanisms.	  
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1.6	  Study	  Design	  

Four	  studies	  were	  performed	  to	  achieve	  these	  objectives:	  

	  

Study	  1:	  	  

This	   was	   a	   cross-‐sectional	   observational	   study	   that	   determined	   the	   prevalence	   of	  

IBS-‐type	  symptoms	  in	  the	  local	  IBD	  population.	  It	  investigated	  the	  characteristics	  of	  

those	   IBD	   patients	   with	   IBS-‐type	   symptoms,	   examined	   the	   contribution	   of	   sub-‐

clinical	   inflammation	   in	   producing	   IBS-‐type	   symptoms,	   and	   considered	   the	   impact	  

these	   symptoms	   have	   on	   the	   clinical	   assessment	   of	   IBD	   activity.	   A	   total	   of	   169	  

patients	  with	  IBD	  were	  assessed.	  

	  

Study	  2:	  

This	   laboratory-‐based	   study	   examined	   the	   hypothesis	   that	   toxic	   metabolites,	  

produced	  by	  bacterial	  fermentation	  of	  dietary	  carbohydrates	  in	  the	  colon,	  play	  a	  role	  

in	   causing	   the	   symptoms	   of	   IBS.	   The	   ability	   of	   metabolites	   to	   covalently	   modify	  

plasma	  albumin	  and	  affect	   its	  enzymatic	  activity	  was	  examined	  to	  explore	  whether	  

this	   property	   could	  be	  used	  as	   a	  biomarker	  of	   IBS.	   In	   this	   study	   samples	  of	   serum	  

were	  collected	  from	  patients	  with	  IBS,	  patients	  with	  IBD,	  and	  healthy	  volunteers.	  

	  

Study	  3:	  

In	   this	   observational	   study	   the	   cognitive	   profile	   of	   patients	  with	   IBS	   and	   IBD	  were	  

examined.	  Patients	  with	  IBS,	  patients	  with	  IBD,	  and	  healthy	  volunteers	  completed	  a	  

series	  of	  neuropsychological	  performance	   tests	   that	  examined	  a	   range	  of	  cognitive	  
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functions.	  The	  cognitive	  profiles	  of	  the	  three	  groups	  were	  compared	  to	  identify	  if	  a	  

unique	  deficit	  existed	  that	  may	  act	  as	  a	  biomarker	  for	  IBS.	  	  

	  

Study	  4:	  

A	   randomised	   controlled	   trial	   of	   a	   mindfulness-‐based	   therapy	   was	   performed	   in	  

inflammatory	   bowel	   disease	   patients	   with	   IBS-‐type	   symptoms	   or	   high	   perceived	  

stress	  levels.	  The	  study	  aimed	  to	  explore	  whether	  this	  intervention	  was	  a	  therapeutic	  

option	  in	  these	  patient	  groups.	  A	  total	  of	  66	  IBD	  patients	  were	  recruited	  to	  the	  trial.	  	  
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2.1	  Introduction	  

This	   chapter	   describes	   methods	   that	   are	   applicable	   to	   the	   overall	   thesis.	   Those	  

methods,	   including	   statistical	   analysis,	   that	   are	   specific	   to	   an	   individual	   study	   are	  

described	  in	  the	  respective	  study	  chapter.	  	  

	  

	  

2.2	  Ethical	  Approval	  

The	   research	  was	  approved	  by	   the	  South-‐East	  Wales	   research	  ethics	   committee	   in	  

November	  2010.	  Reference	  number:	  10/WSE02/49.	  	  

	  

	  	  

2.3	  Recruitment	  

Recruitment	   for	   the	   research	   studies	   took	   place	   between	   January	   2011	   and	   May	  

2012.	  All	  participants	  completed	  a	  consent	  form	  prior	  to	  participation.	  	  

	  

Patients	   with	   inflammatory	   bowel	   disease	   and	   patients	   with	   irritable	   bowel	  

syndrome	   were	   recruited	   from	   gastroenterology	   clinics	   at	   the	   University	   Hospital	  

Llandough	  and	  University	  Hospital	  of	  Wales.	  These	  hospitals	  are	  part	  of	   the	  Cardiff	  

and	   Vale	   University	   Health	   Board	   that	   provides	   healthcare	   for	   approximately	  

500,000	  patients	  in	  Cardiff	  and	  the	  Vale	  of	  Glamorgan.	  Patients	  were	  supplied	  with	  

information	   sheets	   on	   the	   research	   studies	   prior	   to	   their	   clinic	   appointments	   and	  

were	  offered	  the	  opportunity	  to	  participate	  following	  their	  clinic	  consultation.	  	  
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Healthy	   volunteers	   were	   recruited	   from	   the	   general	   population	   using	   a	   volunteer	  

panel	  set	  up	  by	  Cardiff	  University.	  This	  panel	  includes	  contact	  details	  for	  members	  of	  

the	   public	  who	   have	   expressed	   an	   interest	   in	   participating	   in	   research.	   They	  were	  

emailed	  an	   information	  sheet	  regarding	  the	  studies	  and	  were	  asked	  to	  contact	   the	  

research	  team	   if	   they	  were	   interested	   in	  participating.	  A	   fee	  of	  £10	  was	  offered	  to	  

cover	  time	  and	  travel	  expenses.	  	  

	  

	  

2.4	  Participant	  Definitions	  

All	  participants	  were	  aged	  18	  –	  65	  years.	  They	  were	  excluded	  if	  they	  were	  pregnant,	  

had	  a	  diagnosis	  of	  cognitive	  impairment,	  or	  if	  they	  had	  an	  ileostomy,	  colostomy,	  or	  

previous	  colectomy	  performed.	  	  

	  

Patients	  with	  inflammatory	  bowel	  disease:	  

Diagnosis	   of	   IBD	   was	   verified	   according	   to	   the	   European	   Crohn’s	   and	   Colitis	  

Organisation	   criteria	   (141,	   142),	   and	   disease	   extent	   was	   defined	   according	   to	   the	  

Montreal	  classification	  (35).	  	  

	  

Patients	  with	  irritable	  bowel	  syndrome:	  

All	   patients	   had	   been	   reviewed	   in	   gastroenterology	   clinic	   by	   a	   physician	   whose	  

clinical	  impression	  was	  that	  of	  IBS.	  In	  addition,	  they	  were	  required	  to	  meet	  the	  Rome	  

III	   criteria	   for	   IBS	   (defined	   in	   section	   2.4)	   (70).	   To	   exclude	   organic	   pathology	   as	   a	  

cause	  of	  their	  symptoms,	  only	  those	  patients	  who	  had	  a	  normal	  colonoscopy	  as	  part	  

of	   their	   diagnostic	   investigations	   were	   included.	   If	   colonoscopy	   had	   not	   been	  
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performed,	  then	  patients	  supplied	  a	  stool	  sample	  for	  faecal	  calprotectin	  analysis	  and	  

were	  excluded	  if	  the	  level	  was	  greater	  than	  90µg/g.	  	  	  

	  

Healthy	  volunteers:	  

Healthy	   volunteers	   were	   excluded	   if	   they	   reported	   symptoms	   of	   abdominal	  

discomfort,	  diarrhoea,	  constipation	  or	  rectal	  bleeding.	  Specifically,	  they	  did	  not	  meet	  

the	  Rome	  III	  criteria	  for	  IBS.	  They	  were	  excluded	  if	  there	  was	  a	  previous	  diagnosis	  of	  

IBS,	  IBD,	  coeliac	  disease,	  lactose	  intolerance,	  or	  had	  a	  history	  of	  bowel	  surgery	  (other	  

than	  appendicectomy).	  	  

	  

	  

2.5	  Questionnaires	  

All	   participants	   completed	   a	   questionnaire	   that	   documented	   demographics,	   past	  

medical	   history,	   and	   current	   medication	   (Appendix	   1).	   Questionnaires	   that	   were	  

used	  throughout	  the	  research	  are	  described	  below.	  Questionnaires	   that	  were	  used	  

only	  in	  a	  specific	  study	  are	  described	  in	  the	  respective	  study	  chapters.	  

	  	  	  

Rome	  III	  Criteria	  (Appendix	  2):	  

The	   presence	   of	   IBS	   was	   assessed	   using	   the	   Rome	   III	   criteria	   (70).	   This	   symptom-‐

based	   standard	   for	   diagnosing	   IBS	   has	   been	   produced	   by	   the	   Rome	   committee	  

through	   a	   consensus	   approach.	   It	   defines	   IBS	   as	   the	   presence	   of	   abdominal	  

discomfort	  on	  at	   least	  3	  days	  per	  month,	  occurring	   in	   the	   last	  3	  months,	   and	  with	  

onset	  at	  least	  6	  months	  ago.	  The	  abdominal	  discomfort	  must	  be	  associated	  with	  two	  
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or	   more	   of	   the	   following;	   improvement	   with	   defecation,	   onset	   associated	   with	   a	  

change	  in	  frequency	  of	  stool,	  onset	  associated	  with	  a	  change	  in	  form	  of	  stool.	  

	  

Patients	  that	  fulfilled	  Rome	  III	  criteria	  for	  IBS	  were	  classified	  into	  subtypes	  according	  

to	  their	  responses	  on	  questions	  seven	  and	  eight	  of	  the	  questionnaire	  (Appendix	  2).	  

Patients	   reporting	  only	   loose	   stools	  were	   classified	   as	  diarrhoea-‐predominant,	   and	  

those	  with	  only	  harder	   stools	  as	   constipation-‐predominant.	   If	  both	   forms	  of	   stools	  

were	  experienced	  then	  patients	  were	  designated	  as	  having	  mixed	  symptoms,	  and	  if	  

no	  change	  in	  stool	  consistency	  was	  present	  then	  they	  were	  classified	  as	  unsubtyped.	  	  

	  

Irritable	  Bowel	  Syndrome	  Symptom	  Severity	  Scale	  (Appendix	  3):	  

Patients	   who	   met	   the	   Rome	   III	   criteria	   for	   IBS	   completed	   the	   irritable	   bowel	  

syndrome	  symptom	  severity	  scale	  (143).	  This	  measures	  the	  severity	  of	  IBS	  symptoms	  

in	   five	   domains;	   frequency	   and	   severity	   of	   abdominal	   discomfort,	   severity	   of	  

abdominal	  bloating,	  satisfaction	  with	  bowel	  habit,	  and	  impact	  of	  symptoms	  on	  life	  in	  

general.	  Each	  domain	  is	  scored	  0–100,	  and	  an	  overall	  score	  of	  0–500	  is	  obtained.	  A	  

higher	  score	  indicates	  more	  severe	  symptoms.	  

	  

Hospital	  Anxiety	  and	  Depression	  Scale	  (Appendix	  4):	  

Levels	   of	   anxiety	   and	   depression	   were	   measured	   using	   the	   hospital	   anxiety	   and	  

depression	  scale	   (144).	  This	   self-‐assessment	  scale	  consists	  of	  14	  statements	   (seven	  

regarding	  anxiety,	  and	  seven	  for	  depression)	  which	  are	  graded	  0–3	  according	  to	  their	  

relevance	  to	  the	  individual.	  A	  range	  of	  scores	  from	  0	  to	  21	  are	  provided	  for	  anxiety	  

and	  depression,	  respectively.	  
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Simple	  Clinical	  Colitis	  Activity	  Index	  (Appendix	  5):	  

A	   clinical	   assessment	   of	   disease	   activity	   in	   patients	   with	   ulcerative	   colitis	   was	  

performed	  using	  the	  simple	  clinical	  colitis	  activity	  index	  (138).	  This	  questionnaire	  is	  a	  

symptom-‐based	   activity	   index	   that	   uses	   six	   questions	   to	   provide	   an	   immediate	  

result,	  and	  does	  not	  require	  blood	  tests	  or	  endoscopy.	  	  

	  

Harvey-‐Bradshaw	  Index	  (Appendix	  6):	  

A	   clinical	   assessment	   of	   disease	   activity	   in	   patients	   with	   Crohn’s	   disease	   was	  

performed	   using	   the	   Harvey-‐Bradshaw	   index	   (137).	   Patients	   respond	   to	   five	  

questions	  regarding	  clinical	  symptoms	  and	  disease	  activity	  is	  determined	  without	  the	  

need	  for	  blood	  tests	  or	  endoscopy.	  

	  

	  

2.6	  Measurement	  of	  Faecal	  Calprotectin:	  

Patients	   were	   asked	   to	   provide	   a	   stool	   sample	   within	   1	   week	   of	   their	   clinical	  

assessment.	  They	  were	  supplied	  with	  a	  standard	  30ml	  container	  for	  stool	  collection	  

and	  advised	  to	  take	  the	  specimen	  to	  either	  their	  local	  general	  practice	  surgery	  or	  to	  

specimen	   collection	   in	   University	   Hospital	   of	   Wales.	   They	   were	   asked	   to	   do	   this	  

within	  24	  hours	  of	  collecting	  the	  specimen.	  	  	  

	  

Samples	   were	   stored	   in	   freezers	   at	   -‐40°C.	   All	   samples	   were	   analysed	   within	   one	  

month	  of	  collection	  using	  the	  CALPRO	  Calprotectin	  ELISA	  Test,	  a	  quantitative	  enzyme	  

immunoassay.	  This	  was	  performed	  in	  the	  biochemistry	  department	  of	  the	  University	  

Hospital	   of	  Wales.	   The	   faecal	   calprotectin	   laboratory	   reference	   level	   for	   screening	  
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patients	  with	   functional	  abdominal	   symptoms	  to	  exclude	   intestinal	   inflammation	   is	  

<90μg/g.	  This	  level	  was	  selected	  to	  define	  biochemical	  remission	  in	  IBD	  patients	  as	  it	  

was	   considered	   important	   to	   confidently	   exclude	   active	   inflammation	   when	  

evaluating	  the	  potential	  presence	  of	  functional	  symptoms	  in	  patients	  with	  IBD.	  A	  FC	  

level	  of	  100μg/g	  in	  IBD	  patients	  has	  been	  demonstrated	  to	  have	  a	  sensitivity	  of	  72%	  

and	  a	   specificity	  of	  96%	   in	  predicting	   remission,	  with	  a	  positive	  predictive	  value	  of	  

91%	  and	  a	  negative	  predictive	  value	  of	  84%	  (145).	  	  

	  

	  

2.7	  Statistical	  Analysis:	  

Mean	   and	   standard	   deviations	   are	   shown	   for	   all	   normally	   distributed	   data,	   and	  

comparisons	   were	   made	   using	   unpaired	   t–test	   or	   analysis	   of	   variance	   (ANOVA).	  

Values	   of	   median	   and	   range	   are	   provided	   for	   non-‐normally	   distributed	   data,	   and	  

comparisons	   were	   performed	   using	   Mann–Whitney	   or	   Kruskal–Wallis	   tests.	  

Categorical	  data	  are	  presented	  with	  absolute	  numbers	  and	  percentages,	   and	  were	  

analysed	  using	  Chi-‐squared	   tests.	  All	   analysis	  was	  performed	  using	  PASW	  Statistics	  

18.0	  (IBM	  Corporation,	  Armonk,	  NY,	  USA).	  
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Chapter	  3	  
	  
	  
	  

IBS-‐type	  symptoms	  in	  patients	  with	  IBD:	  the	  

presence	  of	  sub-‐clinical	  inflammation	  and	  the	  

impact	  on	  clinical	  assessment	  of	  disease	  activity	  
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3.1	  Introduction	  

A	  recent	  meta-‐analysis	  of	  patients	  with	   inflammatory	  bowel	  disease	  demonstrated	  

that	   25-‐46%	   of	   those	   in	   clinical	   remission	   have	   symptoms	   compatible	   with	   a	  

diagnosis	   of	   IBS	   (146).	   This	   is	   higher	   than	   the	   prevalence	   of	   IBS	   found	   in	   normal	  

western	  populations	  which	  is	  estimated	  to	  be	  10-‐20%	  (72).	  There	  is	  uncertainty	  as	  to	  

the	  cause	  of	   these	  apparent	   functional	   symptoms	   in	   IBD	  patients,	   and	  concern	   for	  

the	  influence	  they	  may	  exert	  on	  clinical	  management	  (53,	  147).	  

	  

Several	  different	  mechanisms	  have	  been	  implicated	  in	  the	  pathogenesis	  of	  IBS-‐type	  

symptoms	  in	  patients	  with	  IBD.	  Firstly,	  it	  may	  be	  the	  same	  IBS	  condition	  that	  occurs	  

in	  the	  general	  population	  (‘true	  IBS’),	  as	  there	  is	  no	  reason	  why	  IBS	  and	  IBD	  should	  

be	  mutually	  exclusive.	  Secondly,	  there	  is	  the	  possibility	  that	  sub-‐clinical	  inflammation	  

may	   be	   responsible.	   Finally,	   it	   has	   been	   proposed	   that	   chronic	   inflammation	  may	  

modulate	  the	  physiology	  of	  the	  enteric	  nervous	  system	  and	  intestinal	  wall,	  such	  that	  

subsequent	   altered	   motility	   and	   visceral	   hypersensitivity	   may	   produce	   IBS-‐type	  

symptoms	  (135,	  148).	  

	  

Accurate	   assessment	   of	   disease	   activity	   in	   IBD	   is	   essential	   in	   order	   to	   provide	  

appropriate	  treatment.	  A	  physician’s	  clinical	  suspicion	  of	  a	  relapse,	  based	  on	  history	  

and	  examination,	  may	  lead	  to	  further	  endoscopic	  or	  radiological	  investigation	  being	  

performed,	   or	   alternatively	   to	   the	   introduction	   of	   empirical	   immunosuppressive	  

therapy.	   However	   the	   presence	   of	   symptomatic	   IBS	   in	   patients	   with	   IBD	   could	  

influence	   this	   initial	   clinical	   assessment.	   Patients	   who	   are	   in	   remission	   but	  

experience	   considerable	   functional	   symptoms,	  may	   appear	   to	   have	   active	   disease,	  
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and	   so	   undergo	   unnecessary	   invasive	   procedures	   or	   receive	   inappropriate	   and	  

potentially	  harmful	  medication.	  	  

	  

The	  aims	  of	  this	  study	  were	  to	  determine	  the	  different	  contributions	  of	  ‘true	  IBS’	  and	  

sub-‐clinical	   inflammation	   in	   producing	   IBS-‐type	   symptoms	   in	   IBD	   patients,	   and	   to	  

ascertain	   the	   impact	   IBS-‐type	   symptoms	   have	   on	   the	   clinical	   assessment	   of	   IBD	  

activity.	  	  

	  

Hypothesis:	   A	   substantial	   proportion	   of	   IBD	   patients	   will	   have	   IBS-‐type	   symptoms	  

despite	   being	   in	   remission	   as	   defined	   by	   a	   normal	   faecal	   calprotectin	   level.	   The	  

presence	   of	   these	   symptoms	   will	   have	   a	   detrimental	   impact	   on	   the	   clinical	  

assessment	  of	  IBD	  activity.	  

	  

	  

3.2	  Methods	  

Patients	   with	   inflammatory	   bowel	   disease	   completed	   a	   series	   of	   questionnaires	  

regarding	  disease	  activity,	  presence	  of	  IBS-‐type	  symptoms,	  and	  levels	  of	  anxiety	  and	  

depression.	  	  

	  

Symptom-‐based	   indices	  were	  used	  to	  assess	  clinical	   IBD	  activity;	   the	  simple	  clinical	  

colitis	   activity	   index	   (SCCAI)	   for	   ulcerative	   colitis,	   and	   the	   Harvey-‐Bradshaw	   index	  

(HBI)	   for	  Crohn’s	  disease.	  Patients	  completed	  the	   irritable	  bowel	  syndrome	  section	  

of	   the	   Rome	   III	   diagnostic	   questionnaire	   for	   adult	   functional	   disorders	   and	   were	  

categorised	  as	  having	   IBS-‐type	  symptoms	  or	  not	  according	   to	   the	  Rome	   III	   criteria.	  
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The	  presence	  of	  mood	  disorders,	   known	   to	   be	   associated	  with	   IBS,	  were	   assessed	  

using	  the	  Hospital	  Anxiety	  and	  Depression	  Scale.	  

	  

Clinical	  definitions	  of	  IBD	  activity:	  

A	  blood	  sample	  was	  taken	  from	  each	  patient	  to	  check	  the	  level	  of	  C-‐reactive	  protein	  

(CRP),	  a	  protein	  that	  is	  produced	  in	  response	  to	  inflammation.	  ‘Clinical	  remission’	  in	  

UC	  was	  defined	  as	  SCCAI	  <3	  points	  and	  CRP	  <10mg/l,	  and	  in	  Crohn’s	  disease	  HBI	  <5	  

points	  and	  CRP	  <10mg/l.	  ‘Clinically	  active’	  disease	  was	  defined	  as	  SCCAI	  ≥3	  points	  or	  

HBI	  ≥5	  points.	   Those	  patients	  with	   a	   low	  activity	   score	   (SCCAI	   <3	  or	  HBI	   <5)	  but	   a	  

high	  CRP	  >10mg/l	  were	  defined	  ‘unclassified’.	  	  	  

	  

Faecal	  Calprotectin	  Measurement:	  

To	   establish	   if	   IBS-‐type	   symptoms	   were	   associated	   with	   active	   inflammation,	   an	  

objective	  marker	  of	  intestinal	  inflammation	  in	  the	  form	  of	  FC	  was	  measured.	  The	  FC	  

laboratory	   reference	   level	   for	   screening	   patients	   with	   functional	   abdominal	  

symptoms	   to	   exclude	   intestinal	   inflammation	   is	   <90µg/g.	   This	   level	   was	   used	   to	  

define	   biochemical	   remission	   in	   IBD	   patients.	   Faecal	   calprotectin	   levels	   were	   not	  

available	  to	  clinicians	  at	  the	  time	  of	  categorising	  IBD	  activity	  or	  presence	  of	  IBS-‐type	  

symptoms.	  

	  

Statistical	  Analysis:	  

Logistic	  regression	  was	  used	  to	  examine	  factors	  associated	  with	  the	  presence	  of	  IBS.	  

The	  Kappa	  statistic	  was	  used	  to	  assess	  the	  level	  of	  agreement	  between	  clinical	  and	  

biochemical	  assessment	  of	  disease	  activity.	  	  
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3.3	  Results	  

A	   total	   of	   169	   patients	   with	   inflammatory	   bowel	   disease	   were	   recruited.	   The	  

numbers	  of	  individuals	  at	  each	  stage	  of	  the	  study	  are	  illustrated	  by	  the	  flowchart	  in	  

Figure	   3.1	   These	   included	   108	   (64%)	   females;	   the	  mean	   age	   of	   the	   group	  was	   44	  

years.	  	  There	  were	  101	  cases	  of	  UC	  and	  68	  of	  CD.	  	  

	  
Figure	  3.1	  Flowchart	  showing	  number	  of	  participants	  at	  each	  stage	  of	  the	  study.	  The	  
169	  patients	  included	  in	  the	  study	  consisted	  of	  101	  cases	  of	  UC	  and	  68	  CD.	  

	  
	  

234$IBD$pa*ents$
poten*ally$eligible$$$

169$included$in$the$
study$

38$declined$to$
par*cipate$

27$ineligible$due$to$
exclusion$criteria$

66$without$IBS$
symptoms$
(40$provided$
stool$samples)$

31$with$IBS$
symptoms$
(21$provided$
stool$samples)$

54$clinically$ac*ve$$
(36$provided$stool$

samples)$

18$unclassified$by$
clinical$defini*ons$
(12$provided$stool$

samples)$

97$in$clinical$
remission$
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Using	   clinical	   criteria	   97	  patients	  were	   in	   remission,	   54	  had	  active	  disease,	   and	  18	  

were	  unclassified	  as	  they	  had	  a	  low	  clinical	  activity	  index	  score	  but	  CRP>10mg/l.	  For	  

those	  patients	  in	  clinical	  remission	  the	  overall	  prevalence	  of	  IBS-‐type	  symptoms	  was	  

32%	  (95%	  CI:	  23	  -‐	  41%).	  	  

	  

Patients	  in	  clinical	  remission:	  

The	   characteristics	   of	   patients	   in	   clinical	   remission,	   with	   and	   without	   IBS-‐type	  

symptoms,	   are	   compared	   in	   Table	   3.1.	   Symptoms	   meeting	   criteria	   for	   IBS	   were	  

significantly	  more	  common	  in	  female	  patients	  and	  were	  associated	  with	  higher	  levels	  

of	  anxiety	  and	  depression.	  Prevalence	  of	   IBS-‐type	  symptoms	  was	  similar	   in	  UC	  and	  

CD,	  and	  did	  not	  seem	  to	  relate	  to	  patient’s	  age,	  disease	  duration	  or	  smoking	  status.	  

The	   proportion	   of	   CD	   patients	  who	   had	   a	   previous	   bowel	   resection	  was	   higher	   in	  

those	  with	   IBS-‐type	  symptoms	   (62%	  v	  33%)	  but	   the	  difference	  was	  not	  statistically	  

significant.	  For	  disease	   location	  the	  number	  of	  patients	  was	   insufficient	  to	  perform	  

analysis,	  however	  the	  proportions	  in	  each	  category	  suggest	  there	  was	  no	  significant	  

relationship.	  When	  these	  factors	  were	  entered	  into	  stepwise	  logistic	  regression	  only	  

gender	   (odds	   ratio	  =	  4.64,	   1.55–13.88)	   and	  anxiety	   score	   (odds	   ratio	  =	  1.11,	   1.01–

1.21)	  were	  significantly	  associated	  with	  presence	  of	  IBS-‐type	  symptoms.	  

	  

Of	  the	  31	  patients	  who	  were	  in	  clinical	  remission	  and	  reported	  IBS-‐type	  symptoms,	  

12	   (39%)	   had	   diarrhoea-‐predominant	   symptoms,	   2	   (6%)	   were	   constipation-‐

predominant,	  14	  (45%)	  had	  mixed	  symptoms,	  and	  3	  (10%)	  were	  unsubtyped.	  	  
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Table	  3.1	  Demographic,	  psychological	  and	  disease	  characteristics	  of	  IBD	  patients	  in	  
clinical	  remission,	  with	  and	  without	  IBS-‐type	  symptoms.	  
	  
	   IBS-‐type	  

symptoms	  
(n=31)	  

No	  IBS-‐type	  
symptoms	  
(n=66)	  

P	  value	  
	  
	  
	  

Gender:	  	  	  	  	  	  	  	  	  Male	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Female	  	  

5	  (16%)	  
26	  (84%)	  

34	  (52%)	  
32	  (48%)	  

<0.01*	  
(Chi-‐Square)	  

	  
	  
Mean	  age,	  years	  (s.d.):	  
	  

	  
46	  (11)	  

	  
46	  (12)	  

	  	  	  
0.82	  (t-‐test)	  

Diagnosis:	  	  	  	  	  	  UC	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CD	  

18	  (58%)	  
13	  (42%)	  

39	  (59%)	  
27	  (41%)	  

0.92	  
(Chi-‐Square)	  

	  
Disease	  Location:	  
	  	  	  	  	  	  	  	  	  UC	  (n=	  57):	  	  	  	  Proctitis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Left-‐Sided	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pan-‐Colitis	  
	  	  
	  	  	  	  	  	  	  	  	  CD	  (n=40):	  	  	  	  	  Ileal	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Colonic	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ileo-‐colonic	  

	  
6	  (33%)	  
7	  (39%)	  
5	  (28%)	  

	  
5	  (38%)	  
3	  (23%)	  
5	  (38%)	  

	  
7	  (18%)	  
21	  (54%)	  
11	  (28%)	  

	  
7	  (26%)	  
10	  (37%)	  
10	  (37%)	  

	  
	  

N/A	  
	  
	  
	  

N/A	  

	  
	  

Median	  disease	  duration,	  	  
years	  (s.d.):	  

9	  (1-‐36)	  
	  

8	  (1-‐47)	   0.99	  
(Mann-‐Whitney)	  

	  
Current	  Smoker:	  	  	  	  Yes	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  No	  

4	  (13%)	  
27	  (87%)	  

9	  (14%)	  
57	  (86%)	  

1.00	  
(Fisher’s	  Exact)	  
	  

Currently	  on	  immunosuppressant#:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Yes:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  No:	  
	  

	  
11	  (35%)	  
20	  (65%)	  

	  
19	  (29%)	  
47	  (71%)	  

	  
0.51	  

(Chi-‐Square)	  

Previous	  bowel	  resection†:	  	  	  	  Yes	  
(CD	  patients	  only,	  n=40)	  	  	  	  	  	  	  	  No	  
	  

8	  (62%)	  
5	  (39%)	  

9	  (33%)	  
18	  (67%)	  

0.09	  	  
(Chi-‐Square)	  

Psychological	  indices:	  
	  	  	  	  	  	  	  	  	  	  Mean	  Anxiety	  score,	  (s.d.)	  
	  	  	  	  	  	  	  	  	  	  Mean	  Depression	  score,	  (s.d.)	  

	  
9.0	  (5.2)	  
5.8	  (4.2)	  

	  
5.8	  (5.0)	  
3.5	  (3.7)	  

	  
<0.01	  (t-‐test)*	  
<0.01	  (t-‐test)*	  

	  
N/A:	  Not	  Applicable	  due	  to	  insufficient	  numbers	  to	  perform	  analysis	  
*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
#	  Immunosuppressants	  include	  thiopurines,	  methotrexate,	  and	  anti-‐TNFs	  	  

†	  Data	  only	  presented	  for	  CD	  patients	  as	  no	  UC	  patients	  had	  prior	  bowel	  resection	  
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Faecal	  calprotectin	  levels:	  

FC	  was	  measured	  in	  the	  109	  patients	  that	  provided	  a	  stool	  sample.	  The	  box	  plot	   in	  

Figure	   3.2	   illustrates	   the	   distribution	   of	   FC	   levels	   in	   the	   three	   clinically	   defined	  

groups	  of	  IBD	  patients.	  There	  was	  no	  statistical	  difference	  between	  the	  FC	  levels	  of	  

patients	   in	   clinical	   remission	   with	   IBS-‐type	   symptoms	   compared	   to	   those	   without	  

IBS-‐type	   symptoms	   (median	   values	   =	   111µg/g	   v	   45.5µg/g	   respectively,	   p=0.17).	  

However	   FC	   levels	   in	   the	   clinically	   active	   group	  were	   significantly	   higher,	   (median	  

value	  =	  233µg/g,	  p<0.01).	  	  

	  
Figure	  3.2	  Box	  plot	  of	  the	  faecal	  calprotectin	  levels	  in	  respective	  patient	  groups.	  
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For	  patients	  in	  clinical	  remission	  the	  prevalence	  of	  IBS-‐type	  symptoms	  was	  higher	  in	  

those	  with	  raised	  FC	  level	  (42%)	  compared	  to	  those	  with	  normal	  FC	  level	  (29%)	  but	  

the	  difference	  did	  not	  reach	  statistical	  significance,	  p=0.20.	  

	  

Faecal	   calprotectin	   levels	  of	  patients	   in	  clinical	   remission	  were	  analysed	  separately	  

for	  ulcerative	  colitis	  and	  Crohn’s	  disease.	  In	  UC	  the	  median	  FC	  level	  for	  patients	  with	  

IBS-‐type	   symptoms	  was	   71µg/g	   and	   in	   those	   without	   35µg/g,	   (p=0.32).	   In	   CD	   the	  

median	   FC	   level	   for	   patients	   with	   IBS-‐type	   symptoms	   was	   111µg/g	   and	   in	   those	  

without	  50µg/g,	  (p=0.32).	  

	  

Overall,	   48	   (44%)	   of	   the	   109	   patients	   that	   provided	   a	   stool	   sample	   had	   a	   FC	   level	  

<90µg/g	  confirming	  they	  were	  in	  biochemical	  remission.	  The	  prevalence	  of	  IBS-‐type	  

symptoms	  in	  this	  group	  was	  31%	  (95%	  CI:	  19	  -‐	  46%).	  

	  

Assessments	  of	  disease	  activity:	  

The	   relationships	   between	   the	   clinical	   and	   biochemical	   assessments	   of	   disease	  

activity	   are	   shown	   for	   those	   patients	   with	   IBS-‐type	   symptoms	   (Table	   3.2)	   and	  

without	   IBS-‐type	   symptoms	   (Table	   3.3).	   Only	   those	   patients	   who	   provided	   stool	  

sample	   are	   included	   in	   this	   analysis.	   The	   kappa	   statistic,	   measuring	   agreement	  

between	  the	  two	  assessments	  of	  disease	  activity,	  was	  0.26	  for	  patients	  with	  IBS-‐type	  

symptoms	  and	  0.25	  for	  those	  without.	  	  	  
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Table	  3.2	  Relationship	  between	  clinical	   and	  biochemical	  definitions	  of	   remission	   in	  
patients	  with	  IBS-‐type	  symptoms.	  	  
	  
	  
	  

Biochemical	  Remission	  
FC	  <90µg/g	  

Biochemical	  Active	  
FC	  ≥90µg/g	  

Clinical	  Remission	  
	  

10	  (67%)	   9	  (33%)	  

Clinical	  Active	  
	  

5	  (33%)	  
	  

18	  (67%)	  
	  

	  
	  
	  
	  
Table	  3.3	  Relationship	  between	  clinical	   and	  biochemical	  definitions	  of	   remission	   in	  
patients	  without	  IBS-‐type	  symptoms.	  	  
	  
	  
	  

Biochemical	  Remission	  
FC	  <90µg/g	  

Biochemical	  Active	  
FC	  ≥90µg/g	  

Clinical	  Remission	  
	  

25	  (86%)	   15	  (63%)	  

Clinical	  Active	  
	  

4	  (14%)	  
	  

9	  (38%)	  
	  

	  
	  

	  

3.4	  Discussion	  

This	   observational	   study	   demonstrates	   that	   IBS-‐type	   symptoms	   are	   significantly	  

more	  common	   in	   female	   IBD	  patients,	   are	  associated	  with	  high	  anxiety	   levels,	   and	  

can	   occur	   in	   patients	   with	   no	   active	   inflammation.	   Together,	   these	   features	   are	  

similar	   to	   those	   exhibited	   by	   ‘true’	   IBS	   occurring	   in	   the	   general	   population,	   and	  

suggests	   that	   in	   some	   IBD	   patients	   the	   same	   condition	   may	   be	   responsible	   for	  

producing	  their	  symptoms.	  

	  

The	   absence	   of	   an	   objective	   biomarker	   for	   diagnosing	   IBS	   has	   meant	   that	  

observational	  studies	  examining	  the	  phenomenon	  of	  IBS	  in	  IBD	  patients	  have	  all	  used	  
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symptom-‐based	  criteria	   to	  define	   its	  presence	   (132-‐135,	  149-‐151).	  As	  a	   result,	   it	   is	  

unclear	   whether	   this	   is	   ‘true	   IBS’	   or	   whether	   there	   are	   alternative	   pathologies	  

causing	  similar	  symptoms	  that	  simply	  meet	  the	  criteria	  for	  a	  diagnosis	  of	  IBS.	  	  

	  

It	  has	  been	  proposed	  that	  IBS-‐type	  symptoms	  reflect	  subclinical	  inflammation,	  based	  

on	   the	  observation	   in	   a	  previous	   study	   that	  patients	   in	   clinical	   remission	  with	   IBS-‐

type	  symptoms	  had	  significantly	  higher	  FC	   levels	  compared	  to	  those	  without	  (132).	  

However	  these	  findings	  are	  in	  contrast	  to	  the	  results	  described	  above,	  in	  which	  there	  

was	  no	  significant	  difference	  between	  the	  respective	  clinical	   remission	  groups.	  The	  

current	  study	  was	  not	  powered	  directly	   towards	  testing	  this	  hypothesis	  and	  so	  the	  

analysis	  may	   be	   subject	   to	   a	   type	   II	   statistical	   error,	   however	   further	   information	  

regarding	  the	  distribution	  of	  FC	  values	  can	  be	  gained	  from	  inspection	  of	  the	  box	  plot	  

in	   Figure	  3.2.	   This	   demonstrates	   that	   there	   is	   a	  higher	  proportion	  of	  patients	  with	  

IBS-‐type	   symptoms	   who	   have	  mildly	   elevated	   FC	   levels	   (100	   -‐	   200µg/g),	   and	   it	   is	  

feasible	  that	  this	  low	  level	  inflammation	  may	  account	  for	  the	  symptoms	  experienced	  

in	  some	  patients.	  Nevertheless,	  the	  observation	  that	  IBS-‐type	  symptoms	  occurred	  in	  

31%	  of	   the	  48	  patients	  with	  very	   low	  FC	   levels	   (<90µg/g)	   suggests	   that	   sub-‐clinical	  

inflammation	   does	   not	   account	   for	   a	   substantial	   number	   of	   cases	   in	   the	   cohort	  

studied.	  	  

	  

Interestingly,	   the	  duration	  and	  extent	  of	  disease	  were	  not	  associated	  with	   IBS-‐type	  

symptoms;	  a	  finding	  that	  is	  shared	  by	  other	  surveys	  (132,	  134,	  151).	  This	  appears	  to	  

counter	   the	   theory	   that	   functional	   symptoms	   result	   from	   chronic	   inflammation	  

modulating	  the	  intestinal	  physiology.	  In	  this	  scenario	  it	  would	  be	  expected	  that	  more	  
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extensive	  inflammation,	  occurring	  over	  a	  longer	  period	  of	  time	  would	  yield	  increased	  

IBS-‐type	  symptoms.	  	  

	  

It	   has	   previously	   been	  observed	   that	   IBS-‐type	   symptoms	  occur	  more	   commonly	   in	  

female	  IBD	  patients	  (prevalence	  range	  43-‐58%)	  compared	  to	  males	  (25-‐45%),	  but	  the	  

results	  of	  the	  current	  study	  are	  the	  first	  in	  which	  this	  difference	  has	  been	  statistically	  

significant	  (132,	  133,	  151).	  The	  45%	  prevalence	  found	  in	  female	  patients	  is	  similar	  to	  

earlier	  reports	  but	  the	  13%	  prevalence	  in	  males	  is	  much	  lower.	  This	  was	  the	  case	  in	  

both	  CD	   (6%)	  and	  UC	   (17%).	  The	  positive	  association	  between	  concurrent	   IBS-‐type	  

symptoms	   and	   mood	   disorders	   identified	   in	   IBD	   patients	   has	   been	   replicated	   in	  

several	  other	  research	  papers	  (132,	  134,	  135,	  151).	  This	  alludes	  to	  the	  fundamental	  

role	  of	   the	  brain-‐gut-‐axis	   in	  producing	   these	   symptoms	   in	   IBD	  patients.	  The	  higher	  

prevalence	  of	  IBS-‐type	  symptoms	  observed	  in	  IBD	  patients	  compared	  to	  the	  general	  

population	  may	  partly	  be	  due	  to	  the	  increased	  anxiety	  levels	  that	  are	  recognised	  in	  

this	  patient	  group	  (59,	  60).	  

	  

There	   has	   been	   concern	   that	   IBS-‐type	   symptoms	   may	   influence	   the	   clinical	  

assessment	  of	  disease	  activity,	  with	  patients	  exhibiting	  a	  high	  burden	  of	   functional	  

symptoms	  appearing	  to	  have	  active	  disease	  when	  they	  are	  actually	  in	  remission	  (53,	  

147).	  The	  results	  of	  this	  study	  show	  that	  the	  frequency	  of	  a	  correct	  clinical	  diagnosis	  

of	  remission	  was	  slightly	  higher	  in	  those	  patients	  without	  IBS	  symptoms	  (86%	  versus	  

67%),	   however	   the	   overall	   level	   of	   agreement	   between	   clinical	   and	   biochemical	  

assessments	   were	   very	   similar	   in	   patients	   with	   IBS-‐type	   symptoms	   compared	   to	  

those	  without.	  
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Faecal	   calprotectin	   has	   been	   shown	   to	   perform	   well	   in	   distinguishing	   active	   from	  

inactive	  disease	  in	  both	  UC	  and	  CD,	  and	  to	  correlate	  with	  the	  endoscopic	  assessment	  

of	  disease	  activity	  (37,	  55,	  152-‐154).	  Yet	  uncertainty	  remains	  as	  to	  the	  optimum	  FC	  

cut-‐off	  value	  that	  should	  be	  used	  to	  determine	  remission	  in	  IBD.	  The	  level	  of	  90µg/g	  

was	   applied	   in	   this	   study	   as	   it	   is	   the	   value	   used	   to	   screen	   young	   adults	   with	  

functional	   symptoms	   and	   has	   a	   high	   sensitivity	   for	   excluding	   inflammation	   in	   this	  

situation.	  The	  relationship	  between	  this	  biochemical	  definition	  of	  remission	  and	  the	  

clinical	  assessment	  equated	  to	  a	  less	  than	  moderate	  level	  of	  agreement	  as	  measured	  

by	  the	  kappa	  statistic	  (155).	  This	  limited	  correlation	  between	  symptom	  based	  activity	  

indices	  and	  actual	  mucosal	  inflammation	  has	  been	  highlighted	  previously,	  especially	  

in	   CD,	   and	   emphasizes	   the	   importance	   of	   also	   using	   objective	   markers	   of	  

inflammation	  such	  as	  FC	  to	  improve	  clinical	  judgement	  (37,	  55,	  152).	  	  

	  

The	  generalisation	  of	  the	  results	  of	  this	  study	  may	  be	  limited	  by	  several	  factors.	  It	  is	  a	  

single	   centre	   study	   and	   16%	   of	   the	   potentially	   eligible	   patients	   declined	   to	  

participate.	  In	  addition,	  36%	  of	  the	  169	  patients	  included	  in	  the	  study	  did	  not	  provide	  

a	   stool	   sample	   for	   FC	   analysis.	   Although	   faecal	   calprotectin	   is	   an	   established	  

diagnostic	  tool,	  the	  gold	  standard	  for	  assessing	  IBD	  activity	  is	  ileo-‐colonoscopy	  with	  

biopsy	  specimens	  and	  this	  was	  not	  performed	  in	  patients	  at	  the	  time	  of	  the	  study	  to	  

confirm	   disease	   activity.	   Lastly,	   complications	   of	   IBD	   including	   bile	   acid	  

malabsorption	   (22),	   lactose	   intolerance,	   and	   small	   bowel	   bacterial	   overgrowth	  

(SBBO)	  were	   not	   excluded,	   and	   it	   is	   recognised	   that	   these	   conditions	  may	   lead	   to	  

symptoms	  similar	  to	  IBS	  (58,	  156).	  BAM	  and	  SBBO	  are	  more	  common	  following	  small	  

bowel	   resection	   and	   could	   potentially	   account	   for	   the	   higher	   rate	   of	   IBS-‐type	  
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symptoms	  found	  in	  patients	  with	  a	  history	  of	  previous	  surgery	  (47%	  v	  22%,	  p=0.09).	  

Indeed,	   over	   80%	   of	   the	   patients	   with	   a	   prior	   history	   of	   surgery	   had	   right	  

hemicolectomy	  performed,	  thereby	  predisposing	  to	  BAM.	  

	  

In	   summary,	   the	   results	   of	   this	   study	   have	   shown	   that	   IBD	   patients	  with	   IBS-‐type	  

symptoms	  share	  similar	  characteristics	  to	  people	  diagnosed	  with	   IBS	   in	  the	  general	  

community,	  thereby	  suggesting	  that	  these	  conditions	  may	  not	  be	  mutually	  exclusive	  

and	   might	   co-‐exist	   in	   a	   considerable	   number	   of	   IBD	   patients.	   Sub-‐clinical	  

inflammation	   may	   play	   a	   role	   in	   a	   proportion	   of	   cases,	   and	   it	   is	   likely	   that	   other	  

conditions	  such	  as	  BAM	  and	  SBBO	  will	  also	  contribute.	  This	  multifactorial	  nature	  may	  

account	  for	  the	  apparent	  increased	  prevalence	  of	  IBS-‐type	  symptoms	  in	  IBD	  patients	  

compared	  to	  that	  seen	   in	  the	  normal	  western	  population.	  The	  results	  highlight	  the	  

substantial	   number	   of	   patients	   that	   experience	   IBS-‐type	   symptoms	   despite	   having	  

normal	  calprotectin	  levels.	  Clinician’s	  need	  to	  be	  aware	  that	  healing	  inflammation	  is	  

not	  necessarily	  the	  end-‐point	  in	  therapy,	  and	  that	  further	  management	  of	  symptoms	  

may	  be	  required.	  

	  

Recognising	   IBS	   in	   these	   circumstances	   may	   help	   to	   direct	   interventions	   more	  

appropriately.	   Dietary	   adjustments,	   antispasmodics,	   antidepressants,	   and	  

psychotherapy	  have	  all	  been	  shown	  to	  be	  effective	  in	  treating	  IBS	  (75,	  81,	  121).	  The	  

effectiveness	   of	   these	   strategies	   in	   unselected	   IBD	   patients	   has	   been	   limited	   but	  

their	   therapeutic	   efficacy	   may	   be	   increased	   if	   suitable	   target	   populations	   are	  

identified	  (157,	  158).	  Dietary	  modifications	  and	  psychotherapy	  have	  already	  shown	  

promise	   in	   improving	   specific	   symptoms	   such	   as	   fatigue	   and	   abdominal	   pain	   (159,	  
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160).	   Randomised	   controlled	   trials	   are	   required	   to	   determine	   whether	   those	  

therapies	  that	  are	  effective	  in	  treating	  IBS	  are	  also	  useful	  in	  the	  management	  of	  IBS-‐

type	  symptoms	  in	  patients	  with	  IBD.	  

	  

Additional	  research	  is	  also	  needed	  to	  evaluate	  the	  contribution	  of	  non-‐inflammatory	  

factors	   such	   as	   SBBO,	   BAM	  and	   lactose	   intolerance	   in	   causing	   IBS-‐type	   symptoms.	  

Until	   the	   development	   of	   objective	   biomarkers	   that	   enable	   clinicians	   to	   positively	  

diagnose	  IBS,	  this	  will	  remain	  a	  complex	  scenario	  to	  assess	  and	  patients	  will	  require	  a	  

systematic	  diagnostic	  approach.	  	  
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Chapter	  4	  
	  
	  
	  

Albumin	  catalysed	  coelenterazine	  

chemiluminescence	  as	  a	  biomarker	  of	  IBS	  
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4.1	  Introduction	  

A	   biomarker	   is	   a	   characteristic	   that	   is	   objectively	   measured	   and	   evaluated	   as	   an	  

indicator	   of	   normal	   biological	   processes,	   pathogenic	   processes,	   or	   pharmacologic	  

responses	   to	   a	   therapeutic	   intervention	   (161).	   They	   are	   an	   essential	   aspect	   of	  

current	  medical	  practice;	  providing	   information	  on	  aetiology,	  acting	  as	  a	  diagnostic	  

tool,	   predicting	   prognosis,	   and	  monitoring	   the	   efficacy	   of	   a	   treatment.	   For	   clinical	  

use	   a	   biomarker	   needs	   to	   demonstrate	   high	   sensitivity	   and	   specificity,	   and	   should	  

ideally	   be	   inexpensive	   and	   non-‐invasive.	   Examples	   of	   commonly	   used	   biomarkers	  

include	  blood	  glucose	  concentration	   in	  diabetes	  mellitus,	  arterial	  blood	  pressure	   in	  

cardiovascular	  disease,	  and	  prostate-‐specific	  antigen	  in	  prostate	  cancer.	  	  

	  

In	  current	  clinical	  practice	  there	  are	  no	  biomarkers	  available	  to	  assess	  patients	  with	  

IBS.	   Diagnosis	   relies	   on	   the	   evaluation	   of	   clinical	   symptoms	   and	   the	   exclusion	   of	  

other	   gastrointestinal	   disorders.	   The	   development	   of	   a	   biomarker	   in	   this	   setting	  

would	  clearly	  be	  a	  useful	  tool	  for	  clinicians,	  enabling	  a	  positive	  diagnosis	  to	  be	  made	  

and	  directing	  therapy	  more	  effectively.	  

	  

An	   aspect	   of	   IBS,	   that	   has	   to	   date	   only	   received	   minimal	   consideration,	   is	   its	  

association	   with	   a	   range	   of	   non-‐gastrointestinal	   symptoms	   (162-‐164).	   These	   are	  

referred	   to	   as	   the	   ‘non-‐colonic’	   or	   ‘systemic’	   symptoms	   of	   IBS	   and	   are	   more	  

prevalent	  in	  IBS	  patients	  than	  in	  healthy	  controls	  (Table	  4.1)	  (162).	  They	  are	  varied	  in	  

their	   nature	   and	   include	   headaches,	   urinary	   symptoms,	   cognitive	   dysfunction	   and	  

muscular	   aches.	   The	   cause	   of	   these	   diverse	   symptoms	   has	   been	   debated.	   Some	  

suggest	  they	  result	  from	  a	  hypervigilant	  state	  of	  mind,	  however	  others	  propose	  that	  
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a	  molecular	  mechanism	   underlies	   both	   the	   colonic	   and	   systemic	   symptoms	   of	   IBS	  

(164).	  This	  latter	  theory	  is	  considered	  to	  relate	  to	  the	  absorption	  of	  toxic	  metabolites	  

produced	  by	  bacterial	  fermentation	  of	  dietary	  carbohydrates	  in	  the	  colon.	  Certainly	  a	  

similar	   range	  of	  non-‐colonic	   symptoms	  have	  been	   reported	   to	  occur	   in	  association	  

with	  lactose	  intolerance,	  a	  limited	  form	  of	  carbohydrate	  malabsorption	  (165).	  If	  this	  

mechanism	   is	   confirmed,	   it	  may	   represent	   an	   important	   opportunity	   to	   develop	   a	  

biomarker	  for	  IBS.	  

	  	  

Table	  4.1	  Non-‐colonic	  symptoms	  in	  IBS	  patients	  and	  controls	  (162).	  	  
	  

Non-‐colonic	  
Symptoms	  

Prevalence	  in	  IBS	  
(%)	  

Prevalence	  in	  Control	  
(%)	  
	  

p-‐value	  
	  

Back	  Pain	   68	   28	   <0.001	  
	  

Constant	  Tiredness	   70	   20	   <0.001	  
	  

Bad	  Breath	   65	   16	   <0.001	  
	  

Frequent	  Headaches	   34	   3	   <0.001	  
	  

Urinary	  Urgency	   41	   9	   <0.001	  
	  

Nocturia	   48	   17	   <0.001	  
	  

Incomplete	  Voiding	   50	   18	   <0.001	  
	  

Dyspareunia	   41	   5	   <0.001	  
	  

	  

	  

Dietary	   carbohydrates	   that	   are	   not	   digested	   and	   absorbed	   in	   the	   small	   intestine	  

enter	  the	  colon.	   In	  the	  anaerobic	  conditions	  present,	  bacterial	   fermentation	  occurs	  

and	  a	  range	  of	  metabolites	  are	  produced.	  Predominantly	  these	  consist	  of	  short	  chain	  
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fatty	   acids	   (acetate,	   propionate,	   butyrate)	   that	   provide	   nutrition	   to	   the	   colonic	  

epithelium	   and	   an	   energy	   supply	   to	   the	   rest	   of	   the	   body.	   Other	   fermentation	  

products	   include	   ethanol,	   lactate,	   succinate	   and	   gases	   in	   the	   form	   of	   hydrogen,	  

methane,	   and	   carbon	   dioxide.	   However	   the	   fermentation	   process	   also	   produces	  

highly	   reactive	   electrophilic	   compounds	   that	   could	   potentially	   have	   toxic	   adverse	  

effects	  (166,	  167).	  

	  

One	   such	   compound	   is	   methylglyoxal.	   This	   is	   an	   α-‐oxoaldehyde,	   predominantly	  

formed	   from	   intermediates	   of	   glycolysis,	   but	   also	   in	   lesser	   quantities	   from	   the	  

metabolism	   of	   fatty	   acids	   and	   protein	   (Figure	   4.1)	   (168,	   169).	   Only	   a	   very	   small	  

amount	  exists	  in	  its	  free	  form	  in	  plasma,	  with	  the	  majority	  (as	  much	  as	  99%)	  bound	  

to	  plasma	  proteins	  such	  as	  albumin	   (170).	  A	  covalent	  bond	   is	   formed	  between	  the	  

carbonyl	  group	  on	  methylglyoxal	  and	  free	  amino	  acid	  residues	  on	  the	  protein.	  This	  

glycation	   process	   is	   one	   of	   several	   that	   leads	   to	   advanced	   glycation	   endproducts	  

which	  have	  been	  implicated	  in	  the	  pathogenesis	  of	  diabetic	  complications	  (171).	  	  

	  

Methylglyoxal	   is	   of	   interest	   as	   it	   has	   been	   shown	   to	   have	   several	   toxic	   effects	   on	  

eukaryotic	   cells;	   inhibiting	   cell	   growth	   and	   affecting	   the	   activity	   of	   ion	   channels.	  

Through	   the	   formation	  of	   covalent	  bonds	   it	   can	  modify	  albumin,	   insulin,	   serotonin	  

and	   adrenaline,	   with	   potential	   sequelae	   on	   their	   biological	   activity	   (164).	   Other	  

hormones	   and	  neurotransmitters	   yet	   to	   be	   investigated	  may	  be	   similarly	   affected.	  

Methylglyoxal	   is	   one	   of	   several	   highly	   reactive	   metabolites	   that	   could	   potentially	  

cause	   the	   variety	   of	   symptoms	   observed	   in	   patients	   with	   IBS.	   It	   is	   therefore	  

hypothesised	   that	   metabolites	   from	   colonic	   bacterial	   fermentation	   of	   dietary	  
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carbohydrates	   are	   absorbed	   into	   the	   bloodstream,	   and	   play	   an	   important	   role	   in	  

causing	   the	   symptoms	   of	   IBS	   –	   providing	   a	   molecular	   mechanism	   for	   both	   the	  

abdominal	  and	  the	  non-‐colonic	  features.	  	  

	  

Figure	   4.1	   Pathways	   of	   methylglyoxal	   metabolism.	   Enzymes	   involved	   in	   the	  
reactions:	  (i)	  methylglyoxal	  synthase;	  (ii)	  acetol	  monooxygenase;	  (iii)	  amine	  oxidase;	  
(iv)	   methylglyoxal	   reductase	   (v)	   α-‐oxoaldehyde	   dehydrogenase.	   Adapted	   from	  
Kalapos,	  Toxicology	  Letters,	  1999	  (168).	  

	  

	  

Further	  investigation	  of	  this	  mechanism	  and	  of	  its	  potential	  use	  as	  a	  biomarker	  in	  IBS	  

utilises	   the	   property	   of	   these	   highly	   reactive	   compounds	   to	   bind	   with	   albumin	   in	  

plasma.	   Albumin	   is	   the	   most	   abundant	   protein	   in	   human	   plasma	   with	   a	  

concentration	  of	  35	  –	  50	  g/l.	  It	  has	  a	  molecular	  weight	  of	  66kDa	  and	  is	  comprised	  of	  

three	  structurally	  homologous	  domains	  (I,	  II,	  and	  III),	  each	  of	  which	  is	  formed	  by	  two	  

smaller	   subdomains	   (A	   and	  B).	   The	  main	   functions	  of	   albumin	   are	  maintenance	  of	  
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colloid	  osmotic	  blood	  pressure	  and	  transportation	  of	  multiple	  ligands	  including	  fatty	  

acids,	  hormones	  and	  minerals	  (172).	  It	  has	  two	  principal	  binding	  sites	  for	  ligands,	  and	  

these	   have	   been	   located	   on	   subdomains	   IIA	   (drug	   site	   1)	   and	   IIIA	   (drug	   site	   2)	   as	  

shown	  in	  Figure	  4.2.	  	  

	  

Figure	   4.2	   Schematic	   diagram	   of	   albumin	   showing	   the	   three	   domains	   and	   two	  
principal	  binding	  sites.	  Taken	  with	  permission	  from	  Berti,	  Organic	  and	  Biomolecular	  
Chemistry,	  2011	  (175).	  
	  

	  

	  

It	  has	  recently	  been	  demonstrated	  that	  albumin	  exhibits	  enzymatic	  activity	  in	  a	  type	  

of	   reaction	   known	   as	   chemiluminescence	   (173).	   This	   term	   describes	   a	   chemical	  

reaction	  that	  results	  in	  the	  emission	  of	  light.	  It	  requires	  a	  luciferin	  (a	  compound	  that	  

when	  oxidised	  produces	  light)	  and	  a	  luciferase	  (an	  enzyme	  that	  increases	  the	  rate	  at	  

which	  the	  luciferin	  is	  oxidised)	  (174).	  Once	  this	  occurs	  an	  electron	  in	  an	  excited	  state	  
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is	   produced,	   and	   it	   is	   when	   the	   electron	   decays	   to	   a	   ground	   state	   that	   energy	   is	  

produced	  in	  the	  form	  of	  light	  (Figure	  4.3).	  	  

	  

Figure	  4.3	  The	  chemiluminescence	  reaction	  
	  

	  

	  

An	   example	   of	   a	   luciferin	   is	   coelenterazine.	   This	   naturally	   occurring	   compound	   is	  

responsible	   for	   the	   chemiluminescence	   reactions	   that	   occur	   in	   many	   aquatic	  

organisms	  (176).	  Early	  experiments	  using	  coelenterazine	  required	  it	  to	  be	  extracted	  

from	  these	  marine	  animals,	  but	  it	  has	  since	  been	  synthetically	  manufactured	  and	  is	  

now	   available	   commercially.	   Several	   luciferases	   have	   been	   identified	   in	   the	  

luminescence	  of	  coelenterazine	  including	  albumin	  (Figure	  4.4)	  (173,	  177).	  

	  

It	   has	   been	   demonstrated	   that	   the	   ability	   of	   albumin	   to	   catalyse	   the	   oxidation	   of	  

coelenterazine	  is	  influenced	  by	  methylglyoxal,	  with	  an	  approximate	  50%	  reduction	  in	  

chemiluminescence	  (173).	  This	  suggests	  that	  the	  binding	  of	  methylglyoxal	  to	  albumin	  

causes	   a	   functional	   alteration	   that	   affects	   the	   chemiluminescence	   enzymatic	   site.	  

This	  is	  in	  keeping	  with	  a	  previous	  report	  that	  used	  quantitative	  mass	  spectrometry	  to	  

identify	   several	   sites	   at	  which	  methylglyoxal	   binds	   to	   albumin,	   together	  with	   their	  

relative	  affinity.	  The	  highest	  affinity	  was	   located	  at	  binding	  site	  1,	  and	  a	   functional	  

alteration	   was	   confirmed	   with	   a	   reduction	   in	   the	   modified	   albumin’s	   affinity	   for	  

warfarin	  (178).	  
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Figure	  4.4	  Coelenterazine	  chemiluminescence	  catalysed	  by	  albumin	  

	  

Therefore	  it	  is	  proposed	  that	  methylglyoxal	  and	  other	  toxic	  metabolites	  produced	  by	  

bacterial	  fermentation	  in	  the	  colon	  are	  involved	  in	  the	  pathophysiology	  of	   IBS.	  This	  

will	   be	   investigated	   by	   measuring	   albumin	   catalysed	   coelenterazine	  

chemiluminescence.	   If	   the	   levels	   of	   these	  highly	   reactive	  metabolites	   are	   raised	   in	  

patients	  with	   IBS,	   it	  would	  be	  expected	   that	   their	   covalent	  modification	  of	  plasma	  

albumin	   will	   affect	   its	   activity	   as	   a	   luciferase.	   This	   will	   lead	   to	   a	   reduction	   in	   the	  

amount	  of	  light	  emitted	  by	  coelenterazine	  chemiluminescence,	  and	  in	  this	  way	  may	  

act	  as	  a	  biomarker	  for	  IBS.	  	  	  

	  

Hypothesis:	   Methylglyoxal	   and	   other	   toxic	   metabolites	   produced	   by	   bacterial	  

fermentation	  in	  the	  colon	  are	  involved	  in	  the	  pathophysiology	  of	  IBS.	  Higher	  levels	  of	  

these	   compounds	   will	   be	   present	   in	   patients	   with	   IBS	   and	   will	   cause	   covalent	  

modification	  of	  plasma	  albumin.	  This	  will	   lead	   to	  a	   reduction	   in	   the	  coelenterazine	  

chemiluminescence	  of	  plasma	  samples	   from	  patients	  with	   IBS	  and	  thereby	  act	  as	  a	  

biomarker	  for	  the	  condition.	  
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4.2	  Methods	  

	  

Materials:	  

The	   coelenterazine	   used	   in	   this	   study	   was	   a	   gift	   from	   Bruce	   Bryan	   (Prolume	   Ltd.,	  

Pinetop,	  AZ,	  USA).	  The	  other	  reagents	  were	  obtained	  from	  either	  Sigma	  Corp	  (Sigma-‐

Aldrich	  Company	  Ltd.,	  England)	  or	  Fisher	  Scientific	  UK.	  	  

	  

Buffer:	  

50mM	  HEPES	   solution	  with	  pH	  7.4	  was	  used	  as	   a	  buffer	   in	   all	   of	   the	  experiments.	  

50ml	   of	   50mM	   HEPES	   solution	   was	   made	   by	   adding	   49ml	   of	   distilled	   water	   to	  

0.59575g	   of	   HEPES	   (mr=238.30).	   Using	   a	   pipette	   0.1mM	   NaOH	   was	   added	   to	   the	  

HEPES	  solution	  to	  adjust	  the	  pH	  to	  7.4.	  The	  solution	  was	  stored	  in	  the	  refrigerator.	  

	  

Coelenterazine:	  

20nM	   aliquots	   of	   coelenterazine	  were	   stored	   in	   vials	   in	   a	   freezer	   at	   -‐20°C.	   At	   the	  

start	  of	  an	  experiment	  a	  20nM	  coelenterazine	  aliquot	  was	  dissolved	  using	  100µl	  of	  

methanol	   and	   100µl	   of	   buffer	   solution,	   thereby	   giving	   a	   100µM	   concentration.	  	  

During	   the	   experiment	   this	   solution	   was	   stored	   in	   an	   airtight	   container	   that	   was	  

placed	  on	  ice	  and	  wrapped	  in	  foil	  to	  shade	  it	  from	  light.	  	  

	  

Clinical	  Samples:	  

IBS	   patients,	   IBD	   patients	   and	   healthy	   volunteers	   who	   gave	   informed	   consent	   for	  

phlebotomy	   had	   two	   4ml	   blood	   samples	   collected	   in	   EDTA	   vacutainers.	   Samples	  

were	  centrifuged	  and	  the	  plasma	  was	  pipetted	  into	  a	  separate	  5ml	  tube.	  These	  were	  
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stored	   in	   a	   freezer	   at	   -‐40°C.	  At	   a	   later	  date	   the	  plasma	   samples	  were	   thawed	  and	  

aliquotted	   into	   200µl	   samples	   before	   re-‐freezing	   at	   -‐40°C.	   At	   the	   start	   of	   the	  

experiment	   the	   selected	   plasma	   samples	   were	   removed	   from	   the	   freezer	   and	  

thawed.	  	  

	  

Chemiluminometer:	  

Chemiluminescence	  was	  quantified	  digitally	  using	  a	  custom-‐built	  chemiluminometer.	  

Uniform	   laboratory	   conditions	   with	   a	   room	   temperature	   of	   20°C	   and	   low-‐level	  

lighting	  were	  used	   throughout	   the	   experiments	   to	   ensure	   consistency.	  A	   ‘machine	  

background’	   chemiluminescence	   reading	   was	   recorded	   at	   the	   start	   of	   each	  

experiment.	  
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Experiments:	  

All	   experiments	   were	   performed	   in	   the	   school	   of	   pharmacy	   and	   pharmaceutical	  

sciences	  at	  Cardiff	  University.	  The	  initial	  experiments	  were	  performed	  to	  identify	  the	  

optimal	   conditions	   for	   measuring	   albumin	   catalysed	   coelenterazine	  

chemiluminescence,	  thus	  preparing	  the	  assay	  for	  future	  analysis	  of	  clinical	  samples.	  

	  

1.	  Preparing	  the	  assay:	  Identifying	  optimal	  machine	  temperature	  

Aim:	  To	  identify	  the	  optimal	  machine	  temperature	  for	  reducing	  background	  noise.	  

Method:	   Chemiluminescence	   readings	   were	   checked	   for	   background	   noise	   (dark	  

count	   with	   casing	   closed)	   and	   signal	   (light	   count	   with	   casing	   open)	   at	   5°C	  

temperature	   intervals	   from	  20°C	   (room	   temperature)	   to	   -‐20°C.	   The	   signal	   to	  noise	  

ratio	  was	  calculated	  for	  each	  temperature	  interval.	  	  

	  

	  

2.	   Preparing	   the	   assay:	   Determining	   appropriate	   time	   intervals	   for	   measuring	  

human	  serum	  albumin	  (HSA)	  catalysed	  coelenterazine	  chemiluminescence	  

Aim:	  To	  determine	  the	  time	  period	  over	  which	  measurements	  of	  chemiluminescence	  

should	  be	  taken.	  

Method:	  Chemiluminescence	  measurements	  were	   taken	  over	  a	  5-‐minute	  period	   to	  

determine	  if	  light	  emission	  remained	  stable	  over	  time.	  

i).	   10µl	   of	   HSA	   (10%	  w/v)	   was	   added	   to	   90µl	   of	   buffer	   solution	   containing	   10µM	  

coelenterazine.	  

ii).	  Chemiluminescence	  counts	  were	  taken	  every	  10	  seconds	  for	  5	  minutes.	  
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3.	   Preparing	   the	   assay:	   Dose	   response	   for	   coelenterazine	   in	   HSA	   catalysed	  

coelenterazine	  chemiluminescence	  

Aim:	  To	  determine	  the	  effect	  of	  coelenterazine	  concentration	  on	  chemiluminescence	  

Method:	  

i).	   10µM	   and	   100µM	   coelenterazine	   solutions	   were	   prepared	   using	  methanol	   and	  

50mM	  HEPES	  buffer.	  

ii).	   Chemiluminescence	   was	   measured	   for	   four	   different	   final	   concentrations	   of	  

coelenterazine.	   The	   coelenterazine	   concentrations	   and	   the	   solution	   contents	   are	  

outlined	  in	  the	  Table	  4.2.	  

	  

Table	  4.2	  Composition	  of	  the	  final	  solutions	  used	  to	  test	  chemiluminescence	  for	  the	  
four	  different	  coelenterazine	  concentrations.	  
	  
Final	  concentrations	  
of	  coelenterazine	  

(µM)	  
	  

HEPES	  buffer	  
volume,	  (µl)	  

10%	  HSA	  solution	  
volume,	  (µl)	  

Coelenterazine	  
solution	  volume,	  

(µl)	  

1	   80	   10	   10	  	  (10µM)	  
	  

5	   40	   10	   50	  	  (10µM)	  
	  

10	   80	   10	   10	  	  (100µM)	  
	  

20	   70	   10	   20	  	  (100	  µM)	  
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4.	  Preparing	  the	  assay:	  Dose	  response	  of	  HSA	  and	  bovine	  serum	  albumin	  (BSA)	  in	  

catalysing	  coelenterazine	  chemiluminescence	  

Aim:	   To	   determine	   the	   effect	   of	   HSA	   and	   BSA	   concentration	   on	   coelenterazine	  

chemiluminescence	  

Method:	  

i).	  100mg	  of	  HSA	  was	  dissolved	  in	  1ml	  of	  distilled	  water	  to	  prepare	  a	  10%	  solution.	  

Samples	  of	  this	  solution	  were	  used	  to	  prepare	  1%	  and	  0.1%	  solutions	  by	  dissolving	  

with	   50mM	   HEPES	   buffer.	   The	   same	  method	   was	   used	   to	   prepare	   corresponding	  

solutions	  of	  BSA.	  	  	  

ii).	   Chemiluminescence	   measurements	   were	   taken	   for	   five	   different	   final	  

concentrations	  of	  HSA	  and	  BSA.	  The	  concentrations	  and	  their	  contents	  are	  outlined	  

in	  the	  Table	  4.3.	  

	  

Table	  4.3	  Composition	  of	  the	  final	  solutions	  used	  to	  test	  chemiluminescence	  for	  the	  
five	  different	  HSA	  and	  BSA	  concentrations.	  
	  
Final	  concentrations	  
of	  HSA	  and	  BSA	  

(w/v)	  

HEPES	  buffer	  
volume,	  (µl)	  

100	  µM	  
coelenterazine	  
volume,	  (µl)	  

HSA	  or	  BSA	  
solution	  volume,	  

(µl)	  
	  

1%	  
	  

80	   10	   10	  	  (10%	  w/v)	  

0.5%	  
	  

40	   10	   50	  	  (1%	  w/v)	  

0.1%	  
	  

80	   10	   10	  	  (1%	  w/v)	  

0.05%	  
	  

40	   10	   50	  	  (0.1%	  w/v)	  

0.01%	  
	  

80	   10	   10	  	  (0.1%	  w/v)	  
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5.	  Identification	  of	  coelenterazine’s	  binding	  site	  on	  albumin	  

Aim:	  To	  identify	  the	  site	  on	  albumin	  that	  coelenterazine	  uses	  to	  bind	  

	  

The	   specific	   albumin	   binding	   sites	   of	   several	   drugs	   have	   been	   identified	   and	   are	  

shown	  in	  Table	  4.4.	  Certain	  medications	  will	  only	  bind	  to	  one	  location,	  for	  example	  

warfarin	  at	  subdomain	  IIA	  and	  ibuprofen	  at	  subdomain	  IIIA,	  whereas	  others	  such	  as	  

aspirin	   show	   nearly	   equal	   distribution	   between	   the	   two	   binding	   sites	   (172).	   This	  

information	  can	  be	  used	  to	  identify	  the	  albumin	  binding	  site	  of	  other	  ligands	  such	  as	  

coelenterazine.	   The	   addition	   of	   a	   drug	   that	   uses	   the	   same	   binding	   site	   as	  

coelenterazine	  would	  be	  expected	  to	  reduce	  the	  chemiluminescence	  of	  an	  albumin	  +	  

coelenterazine	  solution	  as	  there	  will	  be	  competition	  for	  the	  enzymatic	  site.	  	  

	  

Table	  4.4	  Ligand	  binding	  locations	  to	  HSA	  for	  different	  medications	  (172).	  
	  

Ligand	   Subdomain	  location	  of	  binding	  site	  
	  

Aspirin	   IIA,	  IIIA	  
	  

Warfarin	   IIA	  
	  

Diazepam	   IIIA	  
	  

Digitoxin	   IIIA	  
	  

Clofibrate	   IIIA	  
	  

Ibuprofen	   IIIA	  
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Method:	  

i).	  The	  chemiluminescent	  count	  of	  1%	  w/v	  HSA,	  10µM	  coelenterazine	  solution	  was	  

recorded.	  	  

ii).	  10µl	  of	  10mM	  warfarin	  was	  added	  to	  90µl	  of	  1%	  w/v	  HSA,	  10µM	  coelenterazine	  

solution	  and	  the	  chemiluminescent	  count	  was	  recorded.	  

iii).	  10µl	  of	  10mM	  ibuprofen	  was	  added	  to	  90µl	  of	  1%	  w/v	  HSA,	  10µM	  coelenterazine	  

solution	  and	  the	  chemiluminescent	  count	  was	  recorded.	  

	  

	  

6.	   Analysis	   of	   clinical	   samples	   from	   IBS	   patients,	   IBD	   patients,	   and	   healthy	  

volunteers	  	  

Aim:	  To	  examine	  the	  coelenterazine	  chemiluminescence	  of	  clinical	  samples	  

	  

Method:	  

i).	  Plasma	  samples	  were	  classified	  into	  the	  following	  categories:	  

	   -‐	  Healthy	  volunteers	  

	   -‐	  IBS	  patients	  

	   -‐	  IBD	  patients	  with	  active	  disease	  

	   -‐	  IBD	  patients	  in	  remission	  without	  IBS-‐type	  symptoms	  

	   -‐	  IBD	  patients	  in	  remission	  with	  IBS-‐type	  symptoms	  

(Note	  that	  in	  this	  section	  IBD	  activity	  is	  determined	  by	  faecal	  calprotectin	  level	  such	  

that	  those	  with	  FC<90µg/g	  are	  defined	  as	  in	  remission	  and	  those	  with	  FC>90µg/g	  are	  

defined	  as	  active).	  	  

	  



	   81	  

ii).	  No	  blood	  samples	   from	  diabetic	  patients	  were	   included	   in	   the	  analysis	  as	   it	  has	  

been	  reported	  that	  plasma	  methylglyoxal	  levels	  are	  higher	  in	  diabetic	  patients	  (169).	  

iii).	  Plasma	  samples	  were	  analysed	  in	  sets	  of	  five.	  Every	  set	  contained	  a	  sample	  from	  

each	  clinical	  category	  (although	  later	  sets	  were	  limited	  by	  the	  number	  of	  samples	  in	  

the	  IBD	  categories).	  

iv).	   As	   part	   of	   every	   set	   a	   HSA	   sample	   (0.4%	   w/v	   final	   concentration)	   was	   also	  

analysed	  in	  order	  to	  act	  as	  a	  control	  sample	  for	  that	  set.	  

v).	  10µl	  of	  100µM	  coelenterazine	  solution	  was	  added	  to	  80µl	  of	  50mM	  HEPES	  buffer.	  

vi).	  10µl	  of	  the	  plasma	  sample	  was	  added	  to	  the	  coelenterazine/buffer	  solution	  and	  a	  

chemiluminescence	  measurement	  was	  recorded.	  	  

vii).	  Within	  every	  set	  the	  process	  was	  repeated	  in	  reverse	  order	  for	  the	  plasma	  and	  

HSA	   samples	   using	   a	   separate	   10µl	   specimen.	   Consequently,	   two	   distinct	  

chemiluminescence	   measurements	   were	   recorded	   for	   each	   sample	   and	   a	   mean	  

result	  calculated.	  

viii).	  For	  each	  set	  of	  samples	  the	  HSA	  control	  result	  was	  compared	  to	  that	  performed	  

in	   the	   initial	   set	   and	   a	   ratio	   calculated.	   Using	   this	   ratio	   the	   results	   of	   the	   plasma	  

samples	  were	  adjusted	  so	   that	   inter-‐set	  variation	   in	  conditions	  could	  be	  controlled	  

for.	  

iv).	  The	  chemiluminescence	  results	  of	  samples	  from	  healthy	  volunteers,	  IBS	  patients	  

and	  all	   IBD	  patients	  were	   compared	  using	  ANCOVA	  with	   serum	  albumin	   level	   as	   a	  

covariate.	  
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7.	  Analysis	  of	  non-‐colonic	  symptoms	  in	  healthy	  volunteers,	  IBS	  and	  IBD	  patients	  

Aim:	  To	  examine	  the	  occurrence	  of	  non-‐colonic	  symptoms	   in	  patients	  with	   IBS	  and	  

IBD,	  and	  to	  explore	   if	  patients	  with	  these	  symptoms	  represent	  a	  specific	  sub-‐group	  

of	  IBS	  patients	  for	  which	  coelenterazine	  chemiluminescence	  may	  act	  as	  a	  biomarker.	  

	  

It	   has	  been	  established	   that	  non-‐colonic	   symptoms	  are	  more	  prevalent	   in	  patients	  

with	  IBS	  compared	  to	  the	  normal	  population.	  Considering	  that	  IBS	  may	  be	  regarded	  

as	  a	  heterogeneous	  condition	  in	  which	  separate	  pathologies	  are	  occurring	  to	  create	  

similar	   symptoms,	   it	   is	   possible	   that	   the	   presence	   of	   non-‐colonic	   symptoms	   may	  

represent	  a	  sub-‐division	  of	   IBS	  patients	   in	  which	  a	  systemic	  pathology	   is	  occurring.	  

To	   explore	   this	   hypothesis	   in	   the	   context	   of	   carbohydrate	   metabolites	   a	   further	  

analysis	   of	   non-‐colonic	   symptoms	   and	   their	   relationship	   with	   chemiluminescence	  

results	  was	  performed.	  	  

	  

Methods:	  

a.	  Non-‐colonic	  symptoms	  in	  healthy	  volunteers,	  IBS	  patients	  and	  IBD	  patients:	  

i).	  Healthy	  volunteers,	  IBS	  patients	  and	  IBD	  patients	  completed	  a	  questionnaire	  that	  

documented	  whether	  they	  regularly	  (every	  1-‐2	  weeks)	  experienced	  a	  range	  of	  non-‐

colonic	  symptoms	  (Appendix	  7).	  The	  questionnaire	  was	  based	  on	  those	  non-‐colonic	  

symptoms	  that	  have	  been	  reported	  to	  be	  associated	  with	  IBS	  and	  lactose	  intolerance	  

(162,	  165).	  

ii).	  Non-‐colonic	  symptoms	  that	  occurred	  significantly	  more	  common	   in	   IBS	  patients	  

compared	  to	  healthy	  volunteers	  were	  identified.	  	  
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iii).	   IBS	  patients	  were	  sub-‐divided	  according	  to	  whether	  they	  reported	  3	  or	  more	  of	  

the	  commonly	  experienced	  non-‐colonic	  symptoms.	  

iv).	  Analysis	  of	  the	  plasma	  chemiluminescence	  results	  was	  performed	  using	  the	  new	  

sub-‐division	  of	  IBS	  patients.	  

	  

	  

b.	   The	   relationship	   of	   individual	   non-‐colonic	   symptoms	   with	   coelenterazine	  

chemiluminescence:	  

i).	   For	   each	   non-‐colonic	   symptom	   the	   plasma	   chemiluminescence	   results	   of	   those	  

participants	  who	  reported	  experiencing	  the	  symptom	  were	  compared	  to	  those	  who	  

did	   not.	   This	   comparison	   was	   performed	   within	   respective	   participant	   categories	  

rather	  than	  grouping	  all	  participants	  together,	  (for	  example	  the	  chemiluminescence	  

result	  of	  healthy	  volunteers	  that	  reported	  headaches	  was	  compared	  to	  the	  result	  of	  

those	  healthy	  volunteers	  that	  did	  not	  report	  headaches).	  

ii).	  Those	  non-‐colonic	  symptoms	  which	  were	  associated	  with	  a	  significant	  reduction	  

in	  coelenterazine	  chemiluminescence	  were	  identified.	  

iii).	   IBS	   patients	   were	   sub-‐divided	   according	   to	   whether	   they	   reported	   these	  

symptoms.	  

iv).	  Analysis	  of	  the	  plasma	  chemiluminescence	  results	  was	  performed	  using	  this	  new	  

sub-‐division	  of	  IBS	  patients.	  
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c.	  Non-‐colonic	  symptoms	  in	  IBD	  patients	  who	  are	  in	  remission:	  

i).	   IBD	   patients	   in	   remission	  were	   divided	   into	   those	  with	   IBS-‐type	   symptoms	   and	  

those	  without.	  

ii).	   The	   prevalence	   of	   non-‐colonic	   symptoms	   was	   compared	   between	   these	   two	  

groups.	  	  

	  

	  

d.	  The	  relationship	  between	  presence	  of	  non-‐colonic	  symptoms	  and	  anxiety	  levels:	  

i).	   Healthy	   volunteers,	   IBS	   patients	   and	   IBD	   patients	   all	   completed	   the	   hospital	  

anxiety	   and	   depression	   scale	   as	   detailed	   in	   the	   overall	   thesis	  methods	   (Section	   2)	  

(144).	  

ii).	   For	   each	   non-‐colonic	   symptom	   the	   anxiety	   score	   of	   those	   participants	   who	  

reported	   experiencing	   the	   symptom	   was	   compared	   to	   those	   who	   did	   not.	   This	  

comparison	  was	  performed	  within	  respective	  participant	  categories.	  
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4.3	  Results:	  

	  

1.	  Preparing	  the	  assay:	  Identifying	  optimal	  machine	  temperature	  

	  

The	   signal	   to	   noise	   ratio	   increased	   with	   a	   reduction	   in	   temperature	   of	   the	  

chemiluminometer	  (Figure	  4.5).	  Consequently,	  all	  experiments	  were	  performed	  with	  

the	  machine	  temperature	  set	  at	  -‐20°C.	  	  

	  

Figure	   4.5	   The	   signal	   to	   noise	   ratio	   for	   chemiluminescence	   at	   5°C	   temperature	  
intervals	  from	  20°C	  to	  -‐20°C.	  
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2.	  Preparing	  the	  assay:	  Determining	  appropriate	  time	  intervals	  for	  measuring	  HSA	  

catalysed	  coelenterazine	  chemiluminescence	  

	  

The	  HSA	  catalysed	  chemiluminescence	  count	  gradually	  decreased	  throughout	  the	  5	  

minute	  time	  period	  (Figure	  4.6).	  At	  60	  seconds	  it	  had	  decreased	  by	  2.1%,	  and	  at	  300	  

seconds	  it	  had	  fallen	  by	  13.4%.	  As	  the	  decrease	  at	  60	  seconds	  was	  less	  than	  5%	  this	  

was	  deemed	  acceptable.	  In	  further	  experiments	  the	  mean	  of	  the	  first	  6	  x	  10	  second	  

counts	  was	  used.	  

	  

Figure	  4.6	  HSA	  catalysed	  chemiluminescence	  measured	  over	  a	  5	  minute	  time	  period.	  
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3.	   Preparing	   the	   assay:	   Dose	   response	   for	   coelenterazine	   in	   HSA	   catalysed	  

coelenterazine	  chemiluminescence	  

	  

The	   chemiluminescence	   count	   significantly	   increased	   with	   the	   concentration	   of	  

coelenterazine.	   For	   20µM	   coelenterazine	   there	   was	   an	   eight-‐fold	   increase	   in	   light	  

emission	  compared	  to	  1µM	  coelenterazine,	  p<0.01	  (Figure	  4.7).	  

	  

Figure	  4.7	  Dose-‐response	  curve	   for	   coelenterazine	   in	  HSA	  catalysed	  coelenterazine	  
chemiluminescence.	  
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4.	  Preparing	  the	  assay:	  Dose	  response	  of	  human	  serum	  albumin	  and	  bovine	  serum	  

albumin	  in	  catalysing	  coelenterazine	  chemiluminescence	  

	  

Concentration	   of	   HSA	   and	   BSA	   were	   observed	   to	   have	   a	   significant	   effect	   on	  

chemiluminescence	  count	   (Figure	  4.8).	  Light	  emission	  for	  1%	  w/v	  HSA	  was	  7572c/s	  

which	  was	  significantly	  higher	  than	  367c/s	  for	  0.01%	  w/v	  HSA,	  p=0.02.	  This	  indicated	  

that	  albumin	  concentration	  would	  need	  to	  be	  included	  as	  a	  covariate	  in	  the	  analysis	  

of	  the	  clinical	  samples.	  

	  

Chemiluminescence	   count	   was	   significantly	   higher	   for	   BSA	   compared	   to	   HSA.	   At	  

concentrations	   of	   1%	   w/v	   the	   mean	   BSA	   count	   was	   20660c/s	   compared	   to	   HSA	  

7572c/s,	  p<0.01.	  	  

	  
Figure	   4.8	   Dose-‐response	   curve	   for	   HSA	   and	   BSA	   in	   catalysing	   coelenterazine	  
chemiluminescence.	  
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5.	  Identification	  of	  coelenterazine’s	  binding	  site	  on	  albumin	  

	  

The	   addition	   of	   warfarin	   to	   the	   albumin	   +	   coelenterazine	   solution	   reduced	   the	  

chemiluminescence	   count	   by	   57.9%,	   whereas	   the	   addition	   of	   ibuprofen	   did	   not	  

cause	  any	  significant	  change	  (Figure	  4.9).	  	  These	  results	  show	  that	  warfarin	  competes	  

with	   coelenterazine	   for	   the	   same	   binding	   site,	   therefore	   indicating	   that	  

coelenterazine	  uses	  binding	  site	  1	  on	  albumin.	  

	  

Figure	   4.9	   Changes	   in	   chemiluminescence	   caused	   by	   the	   addition	   of	   warfarin	   and	  
ibuprofen	  to	  an	  albumin/coelenterazine	  solution.	  
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6.	  Analysis	  of	  clinical	  samples	  from	  IBS	  patients,	  IBD	  patients,	  and	  healthy	  controls	  	  

	  

A	  total	  of	  81	  clinical	  samples	  were	  collected	  and	  analysed.	  This	  comprised	  20	  healthy	  

volunteers,	  20	   IBS	  patients,	  17	   IBD	  patients	  with	  active	  disease,	  17	   IBD	  patients	   in	  

remission	  without	  IBS-‐type	  symptoms,	  and	  7	  IBD	  patients	  in	  remission	  with	  IBS-‐type	  

symptoms.	   Characteristics	   of	   the	   respective	   participant	   groups	   are	   shown	   in	   Table	  

4.5.	  There	  were	  no	  significant	  differences	  in	  age	  or	  gender	  between	  the	  groups,	  but	  

IBD	  patients	  with	  active	  disease	  had	  a	  significantly	  lower	  serum	  albumin	  level.	  

	  

Initially	   the	   chemiluminescence	   results	   of	   samples	   from	   healthy	   volunteers,	   IBS	  

patients	   and	   all	   IBD	   patients	   were	   compared	   using	   ANCOVA	   with	   serum	   albumin	  

level	   as	   a	   covariate	   (Table	   4.6).	   There	   was	   no	   significant	   difference	   observed	  

between	  these	  clinical	  groups,	  (F=0.650,	  df=80,	  p=0.525).	  	  

	  

The	   results	   were	   then	   analysed	   with	   IBD	   patients	   split	   into	   their	   respective	  

categories	   (Table	  4.7).	  ANCOVA	  demonstrated	  a	  significant	  difference	  between	  the	  

groups	   (F=3.409,	   df=80,	   p=0.013).	   Post-‐hoc	   analysis	   identified	   that	   the	  

chemiluminescence	   result	   of	   IBD	   patients	   in	   remission	   with	   IBS-‐type	   symptoms	  

(19015c/s)	  were	  significantly	  lower	  than	  IBD	  patients	  with	  active	  disease	  (23907c/s),	  

p=0.017.	  However	   there	  were	  no	   significant	   differences	  between	  any	  of	   the	  other	  

group	  comparisons	  (Table	  4.8).	  	  
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Table	   4.5	   Demographic	   details,	   albumin	   levels,	   and	   IBS-‐subtypes	   in	   those	   patients	  
that	  clinical	  samples	  were	  obtained	  from.	  
	  

	   Healthy	  
(n=20)	  

IBS	  
(n=20)	  

IBD	  Active	  
(n=17)	  

IBD	  
Remission	  
without	  IBS	  

(n=17)	  

IBD	  
Remission	  
with	  IBS	  
(n=7)	  

	  

p	  value	  

	  
Age,	  years	  
(mean,	  s.d.)	  
	  

	  
45	  (11)	  

	  
41	  (13)	  

	  
49	  (11)	  

	  
45	  (10)	  

	  
42	  (10)	  

	  
	  

	  
0.310	  

	  

	  
Sex	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Male	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Female	  
	  

	  
8	  (40%)	  
12	  (60%)	  

	  
6	  (30%)	  
14	  (70%)	  

	  
5	  (29%)	  
12	  (71%)	  

	  

	  
6	  (35%)	  
11	  (65%)	  

	  
0	  (0%)	  
7	  (100%)	  

	  
0.394	  

	  
Smoker	  	  	  	  	  	  	  	  	  	  	  Yes	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  No	  

	  
2	  (10%)	  
18	  (90%)	  

	  
5	  (25%)	  
15	  (75%)	  

	  
2	  (12%)	  
15	  (88%)	  

	  
3	  (18%)	  
14	  (82%)	  

	  
1	  (14%)	  
6	  (86%)	  

	  

	  
N/A	  

Alcohol	  
	  	  	  >	  28	  units/week	  
	  	  	  1-‐28	  units/week	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Nil	  

	  
1	  (5%)	  

14	  (70%)	  
5	  (25%)	  

	  
1	  (5%)	  
11	  (55%)	  
8	  (40%)	  

	  
2	  (12%)	  
9	  (53%)	  
6	  (35%)	  

	  
4	  (24%)	  
13	  (77%)	  
0	  (0%)	  

	  
0	  (0%)	  
5	  (71%)	  
2	  (29%)	  

	  
N/A	  

	  
Serum	  Albumin	  
(g/l)	  (mean,	  s.d.)	  

	  
39	  (4)	  

	  
40	  (3)	  

	  
37	  (2)	  

	  
40	  (2)	  

	  
39	  (2)	  

	  
	  

	  
0.008*	  

	  

	  
IBS-‐Subtypes	  
	  	  IBS-‐D	  
	  	  IBS-‐C	  
	  	  IBS-‐M	  
	  	  IBS-‐U	  
	  

	  
	  
	  

N/A	  

	  
	  

11	  (55%)	  
1	  (5%)	  
8	  (40%)	  
0	  (0%)	  

	  
	  
	  

N/A	  

	  
	  
	  

N/A	  

	  
	  

2	  (29%)	  
0	  (0%)	  
5	  (71%)	  
0	  (0%)	  

	  
	  
	  

N/A	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
IBS-‐D	  =	  Diarrhoea-‐predominant	  IBS;	  IBS-‐C	  =	  Constipation-‐predominant	  IBS;	  
IBS-‐M	  =	  Mixed	  IBS;	  IBS-‐U	  =	  Unsubtyped	  IBS	  
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Table	   4.6	   Chemiluminescence	   results	   (counts/second)	   for	   healthy	   volunteers,	   IBS	  
patients,	  and	  total	  IBD	  patients.	  
	  	  

Group	  
	  

Mean	  (s.d.)	   95%	  confidence	  
interval	  

Minimum	   Maximum	  

	  
Healthy	  (n=20)	  

	  
21136	  (3293)	  

	  

	  
(19595,	  22677)	  

	  
16486	  

	  
27895	  

	  
IBS	  (n=20)	  

	  
21933	  (3062)	  

	  
(20500,	  23366)	  

	  

	  
14791	  

	  
27129	  

	  
	  

IBD	  (n=41)	  
	  

	  
22254	  (3956)	  

	  
(21005,	  23503)	  

	  

	  
15469	  

	  
32018	  

	  
	  

	  

	  

Figure	   4.10	   Box	   plot	   of	   the	   chemiluminescence	   results	   for	   healthy	   volunteers,	   IBS	  
patients	  and	  total	  IBD	  patients.	  
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Table	   4.7	   Chemiluminescence	   results	   (counts/second)	   for	   healthy	   volunteers,	   IBS	  
patients,	  and	  the	  sub-‐divisions	  of	  IBD	  patients.	  
	  

Group	  
	  

Mean	  (s.d.)	   95%	  confidence	  
intervals	  

Minimum	   Maximum	  

	  
Healthy	  (n=20)	  

	  
21136	  (3293)	  

	  

	  
(19595,	  22677)	  

	  
16486	  

	  
27895	  

	  
IBS	  (n=20)	  

	  
21933	  (3062)	  

	  
(20500,	  23366)	  

	  

	  
14791	  

	  
27129	  

	  
	  

IBD	  active	  (n=17)	  
	  

	  
23907	  (4440)	  

	  
(21624,	  26189)	  

	  

	  
18013	  

	  
32018	  

	  
IBD	  remission	  

without	  IBS-‐type	  
symptoms	  
(n=17)	  

	  
21935	  (3283)	  

	  
(20247,	  23623)	  

	  
15469	  

	  
28613	  

IBD	  remission	  with	  
IBS-‐type	  symptoms	  

(n=7)	  

	  
19015	  (1658)	  

	  
(17481,	  20549)	  

	  
17878	  

	  
22542	  

	  

Table	  4.8	  Post-‐hoc	  analysis	  of	  the	  chemiluminescence	  results.	  
	  

Groups	   Mean	  difference	   p	  value	  
	  

Healthy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  active	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  without	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  with	  IBS	  

-‐797	  
-‐2771	  
-‐799	  
2121	  

0.947	  
0.112	  
0.954	  
0.622	  

IBS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Healthy	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  active	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  without	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  with	  IBS	  

797	  
-‐1973	  
-‐2	  

2918	  

0.947	  
0.411	  
1.000	  
0.304	  

IBD	  active	  	  	  	  	  	  	  	  	  	  	  	  	  Healthy	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  without	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  with	  IBS	  

2771	  
1973	  
1972	  
4892	  

0.112	  
0.411	  
0.452	  
	  	  0.017*	  

IBD	  remission	  	  	  	  	  	  Healthy	  
without	  IBS	  	  	  	  	  	  	  	  	  	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  active	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  with	  IBS	  

799	  
2	  

-‐1972	  
2920	  

0.954	  
1.000	  
0.452	  
0.325	  

IBD	  remission	  	  	  	  	  	  Healthy	  
with	  IBS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  active	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IBD	  remission	  without	  IBS	  

-‐2121	  
-‐2918	  
-‐4892	  
-‐2920	  

0.622	  
0.304	  
	  	  0.017*	  
0.325	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
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Figure	   4.11	   Box	   plot	   of	   the	   chemiluminescence	   results	   for	   healthy	   volunteers,	   IBS	  
patients,	  IBD	  patients	  with	  active	  disease,	  IBD	  patients	  in	  remission	  without	  IBS-‐type	  
symptoms,	  and	  IBD	  patients	  in	  remission	  with	  IBS-‐type	  symptoms.	  
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7.	  Analysis	  of	  non-‐colonic	  symptoms	  in	  healthy	  volunteers,	  IBS	  and	  IBD	  patients	  

	  

a.	  Non-‐colonic	  symptoms	  in	  healthy	  volunteers,	  IBS	  patients	  and	  IBD	  patients:	  

	  

A	   total	   of	   231	   participants	   completed	   the	   questionnaire.	   This	   included	   41	   healthy	  

volunteers,	  40	  patients	  with	  IBS,	  and	  150	  patients	  with	  IBD.	  The	  prevalence	  of	  each	  

non-‐colonic	   symptom	   in	   the	   respective	  participant	  categories	   is	   illustrated	   in	  Table	  

4.9.	   Overall	   myalgia,	   fatigue,	   cognitive	   impairment,	   pruritus,	   palpitations,	   mouth	  

ulcers,	   sore	   throat,	   sleep	   disturbance	   all	   showed	   a	   significant	   difference	   in	  

prevalence	   between	   groups.	   All	   of	   these,	   except	   for	   mouth	   ulcers,	   were	   more	  

frequently	  experienced	  in	  both	  IBS	  and	  IBD	  patients	  compared	  to	  healthy	  volunteers.	  

Mouth	  ulcers	  were	  more	  common	  in	  IBD	  patients	  than	  healthy	  volunteers,	  however	  

when	   IBS	   patients	   were	   compared	   to	   healthy	   volunteers	   the	   difference	   was	   non-‐

significant	   (p=0.432).	   There	  was	   no	   significant	   difference	   in	   the	   prevalence	   of	   any	  

non-‐colonic	  symptoms	  when	  IBS	  and	  IBD	  patients	  were	  compared.	  

	  

Myalgia,	   fatigue,	   cognitive	   impairment,	   pruritus,	   and	   palpitations	   all	   had	   p-‐values	  

<0.01.	   IBS	   patients	   were	   sub-‐divided	   into	   those	   that	   had	   3	   or	   more	   of	   these	  

symptoms	   –	   “IBS	   with	   non-‐colonic	   symptoms”.	   The	   plasma	   chemiluminescence	  

results	   were	   analysed	   again	   using	   this	   sub-‐division	   of	   IBS	   patients	   (Table	   4.10).	  

ANCOVA	   showed	   no	   significant	   difference	   between	   the	   groups	   (F=1.147,	   df=3,	  

p=0.336).	  
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Table	   4.9	   Percentage	   of	   participants	   in	   each	   category	   that	   reported	   non-‐colonic	  
symptoms.	  
	  

Symptom	  
	  

Healthy	  
(n=41)	  

IBS	  
(n=40)	  

IBD	  
(n=150)	  

p-‐value	  

Headache	  
	  

29%	   48%	   37%	   0.236	  

Myalgia	  
	  

17%	   40%*	   43%*	   0.009*	  

Fatigue	  
	  

5%	   55%*	   54%*	   <0.001*	  

Cognitive	  
Impairment	  

15%	   55%*	   49%*	   <0.001*	  

Rhinitis	  
	  

10%	   13%	   17%	   0.493	  

Pruritus	  
	  

5%	   35%*	   21%*	   0.004*	  

Palpitations	  
	  

2%	   30%*	   21%*	   0.005*	  

Mouth	  Ulcers	  
	  

5%	   10%	   19%*	   0.044*	  

Sore	  Throat	  
	  

2%	   20%*	   16%*	   0.047*	  

Sleep	  
Disturbance	  

27%	   48%*	   51%*	   0.024*	  
	  

*	   Indicates	   a	   statistically	   significant	   difference	   (p<0.05)	   in	   the	   frequency	   of	   a	   non-‐
colonic	  symptom	  when	  compared	  to	  the	  frequency	  in	  the	  healthy	  population	  
	  

Table	  4.10	  Plasma	  chemiluminescence	   (counts/second)	  of	   clinical	   groups	  with	  new	  
sub-‐division	  of	  IBS	  patients	  with	  3	  or	  more	  non-‐colonic	  symptoms.	  
	  

Group	  
	  

Mean	  (s.d.)	   95%	  confidence	  
interval	  

Minimum	   Maximum	  

	  
Healthy	  (n=20)	  

	  
21136	  (3293)	  

	  

	  
(19595,	  22677)	  

	  
16486	  

	  
27895	  

	  
IBS	  with	  non-‐colonic	  
symptoms	  (n=7)	  

	  
20347	  (3715)	  

	  
(16912,	  23783)	  

	  

	  
14791	  

	  
26290	  

	  
	  

Other	  IBS	  (n=13)	  
	  

	  
22788	  (2385)	  

	  
(21346,	  24228)	  

	  
18727	  

	  
27129	  

	  
	  

IBD	  (n=41)	  
	  

	  
22254	  (3956)	  

	  
(21005,	  23503)	  

	  

	  
15469	  

	  
32018	  
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Figure	   4.12	   Box	   plot	   of	   the	   chemiluminescence	   results	   for	   healthy	   volunteers,	   IBS	  
patients	  with	  non-‐colonic	  symptoms,	  other	  IBS	  patients,	  and	  IBD	  patients.	  
	  

 
 

 
b.	   The	   relationship	   of	   individual	   non-‐colonic	   symptoms	   with	   coelenterazine	  

chemiluminescence:	  

	  

For	  IBS	  patients	  the	  chemiluminescence	  results	  were	  significantly	  lower	  in	  those	  who	  

regularly	  experienced	  myalgia	  (p=0.049)	  or	  fatigue	  (p=0.027)	  compared	  to	  those	  who	  

did	  not.	  In	  healthy	  volunteers	  and	  IBD	  patients	  there	  were	  no	  significant	  differences	  

present	  for	  any	  of	  the	  respective	  non-‐colonic	  symptom	  comparisons	  (Table	  4.11).	  	  

	  

IBS	  patients	  were	  sub-‐divided	  into	  those	  with	  myalgia	  and	  fatigue,	  and	  those	  without	  

these	   symptoms.	   The	   plasma	   chemiluminescence	   results	  were	   compared	   between	  
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groups	  using	  this	  new	   IBS	  sub-‐division.	  However	  ANCOVA	  demonstrated	  there	  was	  

no	  significant	  difference	  between	  groups	  (F=1.372,	  df	  =	  3,	  p=0.258).	  

	  

Table	  4.11	  A	  comparison	  of	  the	  chemiluminescence	  results	  for	  participants	  with	  and	  
without	  each	  non-‐colonic	  symptom.	  
	  
	  
	  

Healthy	  (n=20)	  
Chem	  Res	  	  	  	  	  	  p-‐value	  

IBS	  (n=20)	  
Chem	  Res	  	  	  	  	  p-‐value	  

IBD	  (n=41)	  
Chem	  Res	  	  	  	  	  	  p-‐value	  

Headache	  
Yes	  
No	  

	  
20483	  
21487	  

	  
0.530	  

	  
22416	  
21344	  

	  
0.451	  

	  
21856	  
22536	  

	  
0.594	  

Myalgia	  
Yes	  
No	  

	  
22027	  
20839	  

	  
0.499	  

	  
20124	  
22908	  

	  
0.049*	  

	  
21949	  
22430	  

	  
0.713	  

Fatigue	  
Yes	  
No	  

	  
23520	  
21010	  

	  
0.473	  

	  
20463	  
23404	  

	  
0.027*	  

	  
22221	  
22292	  

	  
0.956	  

Cognitive	  
impairment	  

Yes	  
No	  

	  
	  

22423	  
20993	  

	  
	  

0.574	  

	  
	  

21166	  
23084	  

	  
	  

0.176	  

	  
	  

21059	  
23393	  

	  
	  

0.058	  

Rhinitis	  
Yes	  
No	  

	  
21884	  
21097	  

	  
0.823	  

	  
22233	  
21858	  

	  
0.833	  

	  
22142	  
22300	  

	  
0.909	  

	  
Pruritus	  
Yes	  
No	  

	  
16999	  
21354	  

	  
0.206	  

	  
22326	  
21671	  

	  
0.652	  

	  
21557	  
22509	  

	  
0.502	  

Palpitations	  
Yes	  
No	  

	  
N/A	  
21136	  

	  
N/A	  

	  
22121	  
21871	  

	  
0.879	  

	  
22408	  
22190	  

	  
0.875	  

Mouth	  Ulcers	  
Yes	  
No	  

	  
23538	  
20869	  

	  
0.289	  

	  
19145	  
22243	  

	  
0.181	  

	  
21784	  
22386	  

	  
0.692	  

Sore	  Throat	  
Yes	  
No	  

	  
N/A	  
21136	  

	  
N/A	  

	  
19360	  
22387	  

	  
0.117	  

	  
22135	  
22271	  

	  
0.944	  

Sleep	  
Disturbance	  

Yes	  
No	  

	  
	  

21309	  
21062	  

	  
	  

0.882	  

	  
	  

21461	  
22811	  

	  
	  

0.361	  

	  
	  

21934	  
22559	  

	  
	  

0.619	  

*	   Indicates	   a	   statistically	   significant	   difference	   (p<0.05)	   in	   the	   chemiluminescence	  
count	   for	   those	   patients	   with	   a	   specific	   non-‐colonic	   symptom	   compared	   to	   those	  
without	   the	   symptom.	   (Note	   comparisons	   are	   performed	   within	   the	   respective	  
participant	  groups	  and	  not	  between	  groups)	  
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c.	  Non-‐colonic	  symptoms	  in	  IBD	  patients	  who	  are	  in	  remission:	  

	  

Non-‐colonic	   symptoms	  were	  generally	  observed	   to	  occur	  more	   frequently	   in	   those	  

IBD	   remission	  patients	  with	   IBS-‐type	   symptoms	   compared	   to	   those	  without	   (Table	  

4.12).	  However	   the	  difference	  was	  only	   significant	   in	  headache	   (0.015)	  and	   fatigue	  

(p=0.046).	  	  

	  

Table	  4.12	  Prevalence	  of	  non-‐colonic	  symptoms	  in	  IBD	  remission	  patients	  with	  and	  
without	  IBS	  type	  symptoms.	  
	  

Symptom	  
	  

IBS-‐type	  Symptoms	  
(n=23)	  

No	  IBS-‐type	  symptoms	  
(n=34)	  

p-‐value	  
	  

Headache	  
	  

65%	   32%	   0.015*	  

Myalgia	  
	  

48%	   32%	   0.239	  

Fatigue	  
	  

65%	   38%	   0.046*	  

Cognitive	  
Impairment	  

65%	   44%	   0.118	  

Rhinitis	  
	  

13%	   9%	   N/A	  

Pruritus	  
	  

30%	   27%	   0.744	  

Palpitations	  
	  

17%	   12%	   N/A	  

Mouth	  Ulcers	  
	  

13%	   29%	   0.148	  

Sore	  Throat	  
	  

17%	   12%	   N/A	  

Sleep	  
Disturbance	  

57%	   35%	   0.113	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
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d.	  The	  relationship	  between	  presence	  of	  non-‐colonic	  symptoms	  and	  anxiety	  levels:	  

	  

In	  patients	  with	   IBS	  and	   IBD,	   the	  presence	  of	  each	   individual	  non-‐colonic	  symptom	  

was	  associated	  with	  a	  higher	  anxiety	  level,	  although	  the	  differences	  were	  not	  always	  

statistically	   significant	   (Table	   4.13).	   Overall,	   healthy	   volunteers	   reported	   lower	  

anxiety	  levels	  compared	  to	  those	  with	  IBS	  and	  IBD.	  	  

	  

Table	   4.13	   A	   comparison	   of	   anxiety	   levels	   for	   participants	   with	   and	   without	   each	  
non-‐colonic	  symptom.	  
	  

	  
	  

Healthy	  (n=41)	  
Anxiety	  	  	  	  	  p-‐value	  

IBS	  (n=40)	  
	  Anxiety	  	  	  	  	  	  	  p-‐value	  

IBD	  (n=150)	  
	  Anxiety	  	  	  	  	  	  	  p-‐value	  

Headache	  
Yes	  
No	  

	  
4.2	  
5.6	  

	  
0.205	  

	  
12.3	  
9.1	  

	  
0.011*	  

	  
9.7	  
8.2	  

	  
0.032*	  

Myalgia	  
Yes	  
No	  

	  
5.9	  
5.0	  

	  
0.520	  

	  
11.9	  
9.8	  

	  
0.120	  

	  
10.1	  
7.7	  

	  
0.001*	  

Fatigue	  
Yes	  
No	  

	  
11.5	  
4.8	  

	  
0.002*	  

	  
10.7	  
10.6	  

	  
0.957	  

	  
10.5	  
6.6	  

	  
<0.001*	  

Cognitive	  impairment	  
Yes	  
No	  

	  
7.7	  
4.7	  

	  
0.033*	  

	  
11.7	  
9.3	  

	  
0.062	  

	  

	  
10.4	  
7.2	  

	  
<0.001*	  

Rhinitis	  
Yes	  
No	  

	  
5.0	  
5.2	  

	  
0.924	  

	  
11.0	  
10.6	  

	  
0.840	  

	  
9.8	  
8.5	  

	  
0.163	  

	  
Pruritus	  
Yes	  
No	  

	  
4.0	  
5.2	  

	  
0.605	  

	  
12.6	  
9.6	  

	  
0.026*	  

	  
10.0	  
8.4	  

	  
0.056	  

Palpitations	  
Yes	  
No	  

	  
8.0	  
5.1	  

	  
0.367	  

	  

	  
12.4	  
9.9	  

	  
0.071	  

	  
11.2	  
8.1	  

	  
<0.001*	  

Mouth	  Ulcer	  
Yes	  
No	  

	  
6.0	  
5.1	  

	  
0.700	  

	  
13.3	  
10.4	  

	  
0.180	  

	  
9.7	  
8.5	  

	  
0.171	  

Sore	  Throat	  
Yes	  
No	  

	  
3.0	  
5.2	  

	  
0.498	  

	  
13.0	  
10.1	  

	  
0.066	  

	  
11.5	  
8.2	  

	  
0.001*	  

Sleep	  Disturbance	  
Yes	  
No	  

	  
5.6	  
5.0	  

	  
0.554	  

	  
12.4	  
9.1	  

	  
0.007*	  

	  
9.7	  
7.7	  

	  
0.004*	  

*	   Indicates	   a	   statistically	   significant	   difference	   (p<0.05)	   in	   the	   anxiety	   score	   for	   those	  
patients	   with	   a	   specific	   non-‐colonic	   symptom	   compared	   to	   those	   without	   the	   symptom.	  
(Note	  comparisons	  are	  performed	  within	  the	  respective	  participant	  groups	  and	  not	  between	  
groups)	  
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4.4	  Discussion:	  

The	   results	   of	   this	   study	   do	   not	   support	   the	   hypothesis	   that	   albumin	   catalysed	  

coelenterazine	   chemiluminescence	   is	   a	   useful	   biomarker	   in	   irritable	   bowel	  

syndrome.	   There	   was	   no	   significant	   difference	   in	   mean	   chemiluminescence	   count	  

when	   healthy	   volunteers,	   IBS	   patients	   and	   IBD	   patients	   were	   compared.	   On	   sub-‐

division	   of	   the	   IBD	   group	   it	   was	   found	   that	   patients	   in	   remission	   with	   IBS-‐type	  

symptoms	  had	  a	  lower	  chemiluminescence	  count	  than	  patients	  with	  active	  disease.	  

However	  the	   implication	  of	   this	  result	   is	  unclear,	  as	  neither	  group	  was	  significantly	  

different	   to	   healthy	   volunteers,	   IBS	   patients,	   or	   those	   IBD	   patients	   in	   remission	  

without	  IBS-‐type	  symptoms.	  

	  

The	   lack	  of	  any	   significant	  difference	   in	   chemiluminescence	  count	  between	  groups	  

does	   not	   substantiate	   the	   theory	   that	   metabolites	   produced	   by	   colonic	   bacterial	  

fermentation	  are	  involved	  in	  the	  pathophysiology	  of	  IBS,	  although	  several	  potential	  

confounding	  factors	  need	  to	  be	  considered	  when	  interpreting	  these	  results.	  Firstly,	  a	  

dietary	  history	  was	  not	  recorded.	  As	  patients	  with	  IBS	  frequently	  avoid	  specific	  food-‐

products	   it	   is	   possible	   that	   carbohydrate	   intake	   may	   have	   been	   reduced	   in	   this	  

group.	  Secondly,	  carbohydrate	  metabolites	  may	  not	  bind	  with	  and	  structurally	  alter	  

albumin	   in	   vivo	   to	   such	   an	   extent	   that	   its	   ability	   to	   catalyse	   coelenterazine	  

chemiluminescence	   is	   sufficiently	   impaired.	   Patients’	   medication	   could	   potentially	  

bind	  to	  albumin	  altering	  its	  capacity	  to	  act	  as	  a	  catalyst.	  Finally,	  plasma	  may	  contain	  

other	   substances	   with	   enzymatic	   activity	   that	   compete	   with	   albumin	   to	   act	   as	   a	  

catalyst	  for	  coelenterazine	  chemiluminescence.	  
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A	  limitation	  of	  the	  chemiluminescence	  assay	  is	  the	  transient	  nature	  of	  the	  signal.	  A	  

molecule	  of	  the	  substrate	  will	  only	  produce	  light	  once,	  and	  as	  the	  substrate	  is	  used	  

up	   the	   signal	  will	   diminish.	   At	   room	   temperature	   coelenterazine	   is	   oxidised	   in	   the	  

atmosphere,	   and	   for	   this	   reason	   it	  was	   stored	   in	   a	   sealed	   container	   on	   ice	   during	  

each	  experiment.	  However,	   as	   each	   clinical	   sample	  was	   tested	   in	   duplicate,	   it	  was	  

noted	  that	  the	  signal	  produced	  on	  the	  second	  round	  of	  testing	  was	  generally	  lower	  

compared	  to	  the	  initial	  round,	  suggesting	  that	  some	  of	  the	  substrate	  may	  have	  been	  

oxidised	   between	   rounds.	   Relatively	   large	   standard	   deviations	   are	   noted	   on	   the	  

mean	   calculations	   of	   the	   chemiluminescence	   counts.	   To	   minimise	   this	   effect	   the	  

order	  of	  sample	  testing	  was	  reversed	  on	  the	  second	  round,	  but	  it	  is	  still	  possible	  that	  

the	  results	  may	  have	  been	  influenced.	  A	  further	  technique	  to	  minimise	  the	  effect	  of	  

variations	  in	  substrate	  was	  the	  use	  of	  a	  HSA	  control	  sample	  that	  was	  performed	  with	  

each	   round	   of	   clinical	   samples.	   Chemiluminescence	   counts	   for	   clinical	   specimens	  

were	  adjusted	  according	  to	  the	  result	  of	  the	  HSA	  control	  sample.	  

	  

Consideration	  must	  be	  given	  to	  the	  fact	  that	  IBS	  may	  be	  a	  heterogeneous	  condition	  

in	   which	   several	   different	   pathologies	   act	   to	   cause	   a	   similar	   constellation	   of	  

symptoms.	  Sub-‐categories	  of	   IBS	  are	  starting	  to	  be	  recognised.	  An	  example	  is	  post-‐

infectious	  IBS,	  in	  which	  symptoms	  occur	  following	  an	  episode	  of	  gastroenteritis	  and	  

appear	  to	  be	  due	  to	  persisting	  low	  grade	  inflammation	  (81).	  Therefore	  it	   is	  feasible	  

that	  carbohydrate	  metabolites	  may	  not	  be	  a	  factor	   in	  all	  patients	  with	  IBS	  but	  may	  

only	  be	  a	  feature	  in	  a	  small	  proportion.	  	  
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This	   factor	   was	   considered	   when	   deciding	   to	   analyse	   the	   non-‐colonic	   symptoms	  

associated	  with	  IBS.	  The	  proposed	  hypothesis	  that	  fermentation	  products	  may	  be	  a	  

causative	  factor	  in	  IBS	  through	  covalent	  modification	  of	  hormones	  such	  as	  serotonin,	  

suggests	   that	   the	   symptoms	   experienced	   would	   be	   systemic	   rather	   than	   being	  

restricted	   to	   only	   the	   gastrointestinal	   system.	   Therefore	   further	   analysis	   of	   the	  

chemiluminescence	  results	  was	  performed	  using	  the	  sub-‐group	  of	   IBS	  patients	  that	  

reported	   multiple	   non-‐colonic	   symptoms.	   The	   mean	   plasma	   chemiluminescence	  

result	  of	  this	  sub-‐group	  of	  IBS	  patients	  was	  lower	  than	  in	  other	  groups,	  however	  the	  

difference	  was	  not	  statistically	  significant.	  

	  

The	   association	   of	   non-‐colonic	   symptoms	  with	   carbohydrate	   intolerance	   has	   been	  

observed	   in	   the	   setting	  of	   lactose	  and	   fructose	  breath	   testing,	   in	  which	   symptoms	  

are	   recorded	   following	   ingestion	  of	  a	  carbohydrate	   load	   (165).	  Those	  patients	  who	  

develop	   abdominal	   symptoms	   are	   termed	   lactose	   or	   fructose	   intolerant.	   However	  

recent	  studies	  have	  cast	  doubt	  on	  whether	  the	  mechanism	  of	  intolerance	  is	  related	  

to	  carbohydrate	  malabsorption.	  Intolerance	  is	  observed	  in	  patients	  with	  no	  evidence	  

of	   malabsorption	   on	   breath	   testing,	   and	   indeed	   rates	   of	   lactose	   intolerance	   are	  

similar	  in	  both	  lactose	  ‘absorbers’	  and	  ‘mal-‐absorbers’	  (179).	  Patients	  with	  functional	  

gastrointestinal	   disorders	   have	   similar	   rates	   of	   malabsorption	   to	   asymptomatic	  

healthy	   controls,	   and	   symptomatic	   improvement	   after	   dietary	   adjustment	   is	  

predicted	   by	   presence	   of	   symptoms	  during	   breath	   testing	   rather	   than	   evidence	   of	  

malabsorption	  (180).	  The	  presence	  of	  non-‐colonic	  symptoms	   is	  also	  reported	  to	  be	  

associated	  with	  intolerance	  rather	  than	  malabsorption	  (181).	  These	  findings	  suggest	  
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that	  malabsorption	  may	   not	   be	   the	  main	   driver	   of	   symptoms	   and	   that	   alternative	  

mechanisms	  may	  be	  responsible.	  	  

	  

In	  accordance	  with	  previous	   reports,	   the	   results	  demonstrate	   that	  a	   range	  of	  non-‐

colonic	   symptoms	   are	   more	   commonly	   experienced	   in	   IBS	   patients	   compared	   to	  

healthy	  volunteers	  (162).	  However	  the	  novel	  finding	  is	  that	  these	  symptoms	  are	  also	  

prevalent	   in	   patients	   with	   IBD.	   Furthermore,	   for	   the	   majority	   of	   non-‐colonic	  

symptoms	   their	  prevalence	   in	   IBS	  and	   IBD	  patients	  were	   remarkably	  similar.	  These	  

findings	  suggest	  that	  the	  mechanism	  responsible	  for	  causing	  non-‐colonic	  symptoms	  

may	  be	  shared	  in	  both	  disorders.	  	  

	  

One	   factor	   that	   is	   common	   to	   both	   IBS	   and	   IBD	   is	   the	   high	   prevalence	   of	   mood	  

disorders	   (59,	  76).	   The	   results	   show	   that	   in	  patients	  with	   IBS,	   and	   in	  patients	  with	  

IBD,	   the	   presence	   of	   non-‐colonic	   symptoms	   was	   generally	   associated	   with	   higher	  

levels	   of	   anxiety.	   In	   IBD	   patients	   the	   majority	   of	   non-‐colonic	   symptoms	   were	  

associated	   with	   significantly	   higher	   mean	   anxiety	   scores,	   and	   in	   IBS	   patients	   the	  

trend	  was	  similar	  but	  the	  differences	  were	  not	  always	  significant,	  possibly	  due	  to	  a	  

type	  II	  statistical	  error	  as	  the	  number	  of	  patients	  included	  was	  much	  smaller.	  These	  

findings	   contrast	   with	   the	   conclusions	   of	   the	   previous	   study	   on	   non-‐colonic	  

symptoms	  in	  IBS,	  which	  reported	  that	  these	  symptoms	  occurred	  irrespective	  of	  any	  

associated	   psychiatric	   comorbidity	   (162).	   This	   conclusion	   was	   made	   from	   a	   sub-‐

group	  analysis	  of	  IBS	  patients	  who	  were	  deemed	  not	  to	  have	  any	  psychiatric	  disorder	  

based	   on	   a	   clinical	   interview	   schedule	   score	   less	   than	   fourteen.	   However	   their	  

method	   in	   using	   a	   ‘cut-‐off’	   value	   for	   interval	   data	   to	   diagnose	   psychiatric	  
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comorbidity	   ignores	  the	   fact	   that	   there	   is	   likely	   to	  be	  a	  graded	  severity	  of	  disorder	  

rather	   than	   a	   simple	   ‘presence	   or	   absence’.	   In	   the	   healthy	   volunteer	   population	  

anxiety	  levels	  were	  not	  always	  higher	  in	  those	  experiencing	  non-‐colonic	  symptoms,	  

however	  it	  should	  be	  noted	  that	  the	  overall	  anxiety	  levels	   in	  this	  group	  were	  much	  

lower	   than	   in	   patients	   with	   IBS	   or	   IBD.	   Further	   research	   is	   required	   to	   establish	  

whether	   non-‐colonic	   symptoms	   frequently	   occur	   in	   those	   individuals	   with	   high	  

anxiety	  levels	  but	  without	  a	  chronic	  gastrointestinal	  disorder.	  

	  

Although	   the	   data	   suggests	   an	   association	   between	   high	   anxiety	   levels	   and	   the	  

presence	  of	  non-‐colonic	   symptoms	   in	   IBS	  and	   IBD,	   this	  does	  not	   indicate	  causality.	  

However	   it	   is	   interesting	   that	   lactose	   intolerance	   has	   also	   been	   reported	   to	   be	  

associated	   with	   psychological	   factors	   (and	   not	   malabsorption),	   with	   patients	  

demonstrating	   a	   tendency	   towards	   somatisation	   (179,	   182).	   It	   is	   postulated	   that	  

symptoms	   of	   intolerance	   are	   amplified	   and	   interpreted	   catastrophically	   in	   the	  

somatising	  patient,	  and	  that	  cognitive-‐behavioural	  therapies	  may	  be	  of	  benefit	  (179).	  

	  

In	  summary,	  despite	  previous	  in	  vitro	  tests	  suggesting	  a	  potential	  mechanism	  for	  the	  

role	  of	   colonic	  bacterial	   fermentation	  metabolites	   in	   causing	   the	   symptoms	  of	   IBS,	  

this	  study	  has	  found	  no	  evidence	  to	  support	  this	  theory.	  In	  its	  current	  form	  albumin	  

catalysed	   coelenterazine	   chemiluminescence	   does	   not	   appear	   to	   be	   a	   useful	  

biomarker	   in	   IBS.	  More	   recent	  evidence	   seems	   to	   suggest	   that	  malabsorption	  may	  

not	  be	  the	  key	  factor	  in	  carbohydrate	  intolerance.	  Non-‐colonic	  symptoms	  may	  result	  

from	  somatisation	  although	  further	  research	  is	  required	  to	  confirm	  this.	  
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Chapter	  5	  
	  
	  
	  

Cognitive	  function	  in	  IBS	  and	  IBD	  patients	  
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5.1	  Introduction	  

Interactions	   between	   the	   brain	   and	   the	   gut	   occur	   continuously	   through	   a	  

bidirectional	   communication	   pathway	   known	   as	   the	   brain-‐gut	   axis.	   This	   involves	   a	  

complex	   interplay	  between	  neural,	   immune	  and	  endocrine	  systems,	  and	   is	  thought	  

to	  play	  a	  key	  role	  in	  the	  pathophysiology	  of	  IBS.	  The	  nature	  of	  this	  pathway,	  together	  

with	  the	  fact	  that	  both	  IBS	  and	  IBD	  share	  several	  risk	  factors	  for	  developing	  impaired	  

cognition,	  has	  led	  to	  speculation	  that	  patients	  with	  these	  conditions	  may	  exhibit	  an	  

altered	   cognitive	   profile	   (183).	   Indeed,	   in	   the	   previous	   chapter	   (Section	   4.3,	   Table	  

4.9)	   it	  was	  observed	   that	  55%	  of	   IBS	  patients	  and	  49%	  of	   IBD	  patients	   subjectively	  

reported	   cognitive	   impairment	   compared	   to	   only	   15%	   of	   healthy	   volunteers	  

(p<0.001).	  

	  

Abnormal	  serum	  cytokine	   levels	  are	  an	  established	  feature	  of	   IBD	  and	  present	  to	  a	  

lesser	  extent	  in	  IBS,	  and	  this	  may	  have	  implications	  for	  cognitive	  function	  (184,	  185).	  

The	   term	   ‘sickness	  behaviour’	  describes	  a	   collection	  of	  neuropsychiatric	   symptoms	  

that	   occur	   during	   illness	   and	   are	   thought	   to	   result	   from	   the	   effects	   of	   pro-‐

inflammatory	   cytokines	   on	   the	   brain	   (186).	   Administration	   of	   interferon-‐alpha	   can	  

induce	  depression	  that	  shares	  a	  similar	  profile	  to	  idiopathic	  depression	  occurring	  in	  

otherwise	   healthy	   adults,	   the	   main	   difference	   being	   that	   cytokine-‐induced	  

depression	   exhibits	   a	   greater	   level	   of	   psychomotor	   retardation,	   possibly	   reflecting	  

effects	  on	  basal	  ganglia	  function	  (187).	  	  Long-‐term	  alterations	  in	  cytokine	  levels	  are	  

believed	   to	   impair	   neuronal	   plasticity,	   thereby	   promoting	   mood	   disorders	   and	  

cognitive	   dysfunction.	   Potential	   mechanisms	   include	   effects	   on	   the	   hypothalamic-‐

pituitary-‐axis,	   and	   serotonergic	   or	   dopaminergic	   pathways	   (186).	   In	   healthy	   states	  
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the	   immune	   system	   positively	   regulates	   learning	   and	   memory,	   however	   in	   pro-‐

inflammatory	  conditions	  cytokines	  appear	  to	  have	  deleterious	  effects	  on	  these	  same	  

domains,	   and	   have	   been	   implicated	   in	   contributing	   to	   states	   of	   cognitive	   decline	  

such	  as	  dementia	  (188).	  	  

	  

Mood	  disorders	  are	  prevalent	   in	  both	  IBS	  and	  IBD,	  and	  can	  have	  diverse	  effects	  on	  

cognition,	  facilitating	  certain	  processes	  whilst	   impairing	  others.	  These	  actions	  occur	  

predominantly	  through	  changes	  in	  glucocorticoid	  levels,	  and	  affect	  areas	  of	  the	  brain	  

involved	  with	  memory	  and	   learning	   including	  the	  hippocampus,	  amygdala	  and	  pre-‐

frontal	  cortex	  (189,	  190).	  

	  

A	  further	  risk	  factor	  for	  impaired	  cognition	  is	  the	  presence	  of	  chronic	  pain.	  This	  is	  a	  

hallmark	  of	  IBS	  and	  is	  frequently	  present	  in	  patients	  with	  IBD.	  It	  has	  been	  associated	  

with	  a	  wide	  range	  of	  cognitive	  deficits	  including	  impairments	  in	  memory,	  attention,	  

speed	   of	   information	   processing,	   and	   executive	   function	   (191).	   Potential	  

mechanisms	   include	   persistent	   nociceptive	   inputs	   competing	   with	   other	   sensory	  

afferents,	  alterations	  in	  neurochemical	  substrates,	  or	  neuroplastic	  changes	  occurring	  

as	  a	  result	  of	  chronic	  pain.	  

	  

	  Finally,	  the	  intestinal	  microbiota	  has	  been	  implicated	  in	  the	  pathogenesis	  of	  both	  IBS	  

and	  IBD.	  It	  represents	  another	  possible	  cause	  of	  cognitive	  dysfunction	  and	  has	  been	  

studied	   in	   animal	  models.	  Changes	   in	   the	  memory	  and	   learning	  behaviour	  of	  mice	  

have	   been	   demonstrated	   when	   alterations	   in	   their	   gut	   bacteria	   are	   produced	  

through	  administration	  of	  antibiotics	  or	  dietary	  modification	  (192-‐194).	  
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Deficits	  in	  cognition	  have	  been	  identified	  to	  occur	  in	  a	  wide	  range	  of	  chronic	  illnesses	  

including	   systemic	   lupus	   erythematosus,	   hepatitis	   C,	   diabetes	   mellitus,	   chronic	  

fatigue	  syndrome	  and	  lactose	  intolerance	  (165,	  195-‐199).	  There	  is	  a	  paucity	  of	  data	  

on	  the	  cognitive	  profile	  of	  IBS	  and	  IBD	  patients,	  but	  a	  relative	  reduction	  in	  verbal	  IQ,	  

both	   to	   controls	   and	   to	   their	   own	   performance	   IQ,	   has	   previously	   been	  

demonstrated	  (200,	  201).	  	  

	  

In	  view	  of	  the	  potential	  risk	  factors	  for	  impaired	  cognition,	  an	  explorative	  study	  was	  

performed	  aiming	  to	  determine	  if	  cognitive	  deficits	  were	  present	  in	  patients	  with	  IBS	  

or	  IBD,	  and	  to	  characterise	  their	  nature.	  It	  was	  anticipated	  that	  the	  presence	  of	  any	  

specific	   deficits	   could	   potentially	   be	   utilised	   as	   a	   biomarker,	   and	   provide	   an	  

opportunity	  to	  improve	  quality	  of	  life.	  

	  

Hypothesis:	   Specific	   cognitive	   deficits	   are	   present	   in	   patients	  with	   IBS,	   and	   also	   in	  

patients	  with	  IBD.	  	  

	  

	  

5.2	  Methods	  

Healthy	  volunteers,	  IBS	  patients	  and	  IBD	  patients	  completed	  questionnaires	  detailing	  

demographics,	  current	  medication,	  and	  past	  medical	  history.	  Level	  of	  education	  was	  

also	   recorded	   and	   classified	   according	   to	  whether	   university	  was	   attended	   or	   not.	  

Levels	   of	   anxiety	   and	   depression	   were	   measured	   using	   the	   hospital	   anxiety	   and	  

depression	   scale.	   The	   presence	   of	   IBS	   was	   defined	   by	   Rome	   III	   criteria	   and	   the	  

severity	   of	   symptoms	   was	   assessed	   using	   the	   irritable	   bowel	   syndrome	   symptom	  
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severity	   scale	   (IBS-‐SSS).	   Faecal	   calprotectin	   levels	  were	   used	   to	   determine	   disease	  

activity	  in	  IBD	  patients,	  with	  remission	  defined	  as	  FC	  <90μg/g.	  

	  

Neuropsychological	  Test	  Battery:	  	  

Participants	   completed	   the	   “Cardiff	   Cognitive	   Battery”,	   a	   series	   of	   computerised	  

neuropsychological	   tests	   assessing	   a	   range	   of	   cognitive	   domains	   using	   well-‐

established	   testing	   paradigms	   (202).	   The	   tests	   were	   available	   online	   and	   so	  

participants	   were	   provided	   with	   a	   website	   address	   and	   asked	   to	   complete	   the	  

assessments	  within	  one	  week	  of	  the	  initial	  recruitment	  meeting.	  The	  time	  and	  date	  

of	   every	   participants	   assessment	  was	   automatically	   logged	   by	   the	  website.	   Advice	  

was	  given	  to	  avoid	  alcohol	  on	  the	  day	  of	  the	  assessment.	  	  	  

	  

Psychomotor	   speed:	   A	   two-‐choice	   reaction	   time	   test	   in	   which	   participants	   were	  

shown	   two	   black	   boxes	   on	   the	   computer	   screen	   using	   a	   range	   of	   response-‐time	  

intervals.	  The	  target	  (a	  white	  spot)	  appeared	  in	  either	  box	  and	  a	  button	  was	  pressed	  

as	  fast	  as	  possible	  corresponding	  to	  the	  correct	  box.	  The	  mean	  overall	  response	  time	  

was	  calculated	  and	  the	  number	  of	  correct	  responses	  recorded.	  

	  

Working	  memory:	  In	  this	  forward	  digit-‐span	  task,	  participants	  were	  asked	  to	  recall	  a	  

sequence	   of	   numeric	   digits.	   	   The	   number	   of	   digits	   increased	   by	   one	   with	   every	  

successful	  round.	  The	  maximum	  number	  of	  digits	  remembered	  was	  recorded.	  	  

	  

Episodic	   memory:	   In	   this	   paired	   associates	   learning	   task,	   target	   images	   were	  

presented	   and	   covered,	   and	   the	   location	   of	   the	   images	   had	   to	   be	   recalled.	   The	  
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number	   of	   target	   images	   increased	   with	   each	   successful	   round.	   The	   maximum	  

number	  of	  cards	  correctly	  identified	  was	  recorded.	  	  

	  

Attention	  Test:	   In	  this	  stroop	  task	  a	  coloured	  box	  was	  shown	  on	  screen.	  Below	  the	  

box	  were	  written	   the	   names	   of	   two	   colours,	   one	   of	  which	   correctly	   described	   the	  

colour	  of	  the	  box.	  Participants	  had	  to	  select	  the	  correct	  option.	  This	  was	  performed	  

30	  times	  and	  candidates	  were	  asked	  to	  perform	  the	  task	  as	  quickly	  as	  possible.	  Mean	  

response	  time	  and	  the	  number	  of	  correct	  responses	  were	  recorded.	  	  

	  

Interference	   Test:	   In	   this	   interference	   condition	   of	   the	   stroop	   task,	   the	   name	  of	   a	  

colour	  appeared	  on	  screen	  but	  the	  ink	  in	  which	  it	  was	  written	  was	  a	  different	  colour	  

to	   that	   which	   it	   described.	   The	   names	   of	   two	   colours	   appeared	   below	   and	  

participants	  had	  to	  select	  the	  one	  that	  described	  the	  colour	  of	  the	  ink.	  For	  example	  

the	  word	   ‘WHITE’	  written	   in	  black	   ink	  would	  be	   followed	  by	   the	  options	   ‘black’	  or	  

‘white’,	   and	   the	   correct	   answer	  would	  be	  black.	   The	  mean	   response	   time	   and	   the	  

number	  of	  correct	  responses	  were	  recorded.	  

	  

Fluid	   Intelligence:	   Fluid	   intelligence	   is	   the	   capacity	   to	   think	   logically	   and	   solve	  

problems	   that	   are	   independent	   of	   acquired	   knowledge.	   	   This	   was	   assessed	   using	  

timed	   verbal	   and	   numeric	   reasoning	   test,	  which	   required	   participants	   to	   answer	   a	  

series	  of	  questions.	  Each	  question	  was	  followed	  by	  five	  possible	  answers	  from	  which	  

one	  was	   selected.	  The	  number	  of	   correct	   responses	  given	  within	   two	  minutes	  was	  

recorded.	  	  
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Crystallised	  Intelligence:	  Crystallised	  intelligence	  is	  the	  ability	  to	  use	  skills,	  knowledge	  

and	  experience.	  It	  is	  often	  assessed	  using	  vocabulary	  and	  general	  knowledge.	  	  In	  the	  

present	  study	  participants	  completed	  the	  National	  Adult	  Reading	  Test	  (NART)	  a	  test	  

of	   the	   pronunciation	   of	   irregularly	   spelled	   words	   (203).	   The	   raw	   error	   score	   is	  

transformed	  to	  estimate	  the	  full	  scale	  Wechsler	  adult	  intelligence	  score	  (204).	  

	  

Sample	  Size:	  

The	  values	  for	  standard	  deviation	  and	  clinically	  significant	  difference	  varied	  between	  

the	   seven	   neuropsychological	   performance	   tests.	   A	   pragmatic	   approach	   indicated	  

that	  a	  sample	  size	  of	  40	  participants	  in	  each	  group	  would	  detect	  clinically	  significant	  

levels	  of	  difference	   (set	   at	  20%	  difference	   in	  mean	  values	  between	  groups)	  with	  a	  

power	  of	  80%	  and	  a	  confidence	  of	  95%.	  A	  higher	  number	  of	  patients	  with	  IBD	  were	  

recruited	  so	  that	  the	  effects	  of	  disease	  activity,	  duration	  of	  disease,	  and	  type	  of	  IBD	  

could	  be	  analysed.	  	  

	  

Statistical	  Analysis:	  

Results	   of	   the	   neuropsychological	   performance	   tests	   were	   initially	   compared	  

between	   groups	   using	   ANOVA,	   and	   subsequently	   using	   analysis	   of	   covariance	  

(ANCOVA).	  In	  view	  of	  the	  exploratory	  nature	  of	  the	  analysis	  a	  progressive	  model	  of	  

ANCOVA	   was	   used,	   with	   respective	   covariates	   being	   sequentially	   introduced.	   This	  

enabled	  the	  effect	  of	  specific	  variables	  or	  groups	  of	  variables	  to	  be	  studied	  in	  more	  

detail.	   	  Further	  sub-‐group	  analysis	  was	  undertaken	  on	  IBD	  patients	  assessing	  effect	  

of	  disease	  activity,	  duration	  of	  disease	  and	  type	  of	  IBD;	  and	  on	  IBS	  patients	  assessing	  

effect	  of	  severity	  of	  symptoms.	  
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5.3	  Results	  

A	   total	   of	   231	   participants	   were	   recruited	   comprising	   41	   healthy	   volunteers,	   40	  

patients	   with	   IBS,	   and	   150	   patients	   with	   IBD.	   Characteristics	   of	   the	   respective	  

participant	  groups	  are	   shown	   in	  Table	  5.1.	  Healthy	  volunteers	   tended	   to	  be	  better	  

educated,	  show	  less	  anxiety	  and	  less	  depression	  than	  the	  patient	  groups.	  

	  

Of	   the	   40	   patients	   with	   IBS,	   29	   had	   undergone	   colonoscopy	   as	   part	   of	   their	  

diagnostic	  investigations	  and	  the	  remaining	  11	  patients	  provided	  a	  stool	  sample	  with	  

FC	   level	   less	   than	   90µg/g.	   The	   group	   consisted	   of	   23	   diarrhoea-‐predominant	  

patients,	   two	  constipation-‐predominant	  patients,	  14	  were	  mixed	   subtype,	  and	  one	  

was	  unsubtyped.	  	  

	  

In	  the	  IBD	  population,	  96	  patients	  had	  ulcerative	  colitis	  and	  54	  had	  Crohn’s	  disease.	  

In	   total,	   23%	   of	   IBD	   patients	   were	   taking	   immunosuppressant	   medication	  

(azathioprine,	   6-‐mercaptopurine,	   and	  methotrexate)	   and	   7%	  were	   taking	   steroids.	  

When	   UC	   patients	   were	   compared	   to	   those	   with	   CD	   there	   were	   no	   significant	  

differences	   in	   any	   of	   the	   demographic	   details	   recorded,	   including	   the	   anxiety	   and	  

depression	  scores.	  

	  

One-‐way	  ANOVAs	  found	  significant	  differences	  in	  cognitive	  function	  between	  groups	  

for	   fluid	   intelligence,	   crystallised	   intelligence,	   psychomotor	   speed	   and	   attention.	  

However	   there	  were	  no	   significant	  differences	  between	  groups	   for	   either	  memory	  

test	  or	  for	  the	  interference	  test.	  	  
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Table	  5.1	  Summary	  of	  participant	  characteristics.	  
	  

	   Healthy	  
Volunteers	  
(n=41)	  

IBS	  patients	  
	  

(n=40)	  

IBD	  patients	  
	  

(n=150)	  

p-‐Value	  
	  
	  
	  

	  
Age	  (Mean,	  s.d.)	  
	  

	  
43.8	  (13.4)	  

	  
37.9	  (11.7)	  

	  
45.7	  (11.3)	  

	  
0.001*	  
(ANOVA)	  

	  
Gender	  

Male	  
Female	  

	  

	  
39%	  (n=16)	  
61%	  (n=25)	  

	  
33%	  (n=13)	  
67%	  (n=27)	  

	  
37%	  (n=55)	  
63%	  (n=95)	  

	  
0.823	  

(Chi-‐Square)	  

Married	  /	  In	  Relationship	  
Yes	  
No	  

	  
46%	  (n=19)	  
54%	  (n=22)	  

	  

	  
38%	  (n=15)	  
63%	  (n=25)	  

	  
72%	  (n=108)	  
28%	  (n=42)	  

	  
<0.001*	  

(Chi-‐Square)	  

Education	  Level	  
School	  

University	  
	  

	  
37%	  (n=15)	  
63%	  (n=26)	  

	  
47%	  (n=19)	  
53%	  (n=21)	  

	  
62%	  (n=93)	  
38%	  (n=57)	  

	  
0.009*	  

(Chi-‐Square)	  

Employment	  
Employed	  

Unemployed	  
	  

	  
76%	  (n=31)	  
24%	  (n=10)	  

	  
73%	  (n=29)	  
28%	  (n=11)	  

	  
76%	  (n=114)	  
24%	  (n=36)	  

	  
0.900	  

(Chi-‐Square)	  

Current	  Smokers	  
Yes	  
No	  

	  
7%	  (n=3)	  
93%	  (n=38)	  

	  
22%	  (n=9)	  
78%	  (n=31)	  

	  
12%	  (n=18)	  
88%	  (n=132)	  

	  
0.105	  

(Chi-‐Square)	  
	  
	  

Alcohol	  
<	  28	  units/week	  
>	  28	  units/week	  

	  

	  
90%	  (n=37)	  
10%	  (n=4)	  

	  
95%	  (n=38)	  
5%	  (n=2)	  

	  
89%	  (n=134)	  
11%	  (n=16)	  

	  
0.554	  

(Chi-‐Square)	  

HAD	  score	  (Median,	  Range)	  
	  	  	  	  Anxiety	  	  

	  	  	  	  Depression	  
	  

	  
5	  (0-‐14)	  
2	  (0-‐8)	  

	  
11	  (0-‐20)	  
5	  (0-‐16)	  

	  
9	  (1-‐20)	  
5	  (0-‐16)	  

	  
<0.001*	  
<0.001*	  

(Kruskal-‐Wallis)	  
	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
	  

	  



	   115	  

When	   the	   results	   were	   adjusted	   for	   participants	   age	   and	   sex	   using	   ANCOVA	   the	  

variation	  between	  groups	  for	  fluid	  intelligence	  and	  crystallised	  intelligence	  remained	  

significant	   (respective	   ANCOVA	   p-‐values:	   0.019	   and	   0.021),	   however	   for	  

psychomotor	   speed	   and	   attention	   the	   differences	   became	   non-‐significant	  

(respective	  ANCOVA	  p-‐values:	  0.469	  and	  0.318).	  	  

	  

For	   fluid	   and	   crystallised	   intelligence,	   performance	   declined	   progressively	   from	  

healthy	   volunteers	   (respective	  mean	   scores	   5.3	   and	   119)	   to	   IBS	   patients	   (4.5	   and	  

116)	  to	  IBD	  patients	  (4.2	  and	  115).	  On	  post-‐hoc	  analysis	  IBD	  patients	  had	  significantly	  

lower	   scores	   on	   both	   intelligence	   tests	   compared	   with	   healthy	   volunteers	   (fluid	  

intelligence	  p=0.01,	  and	  crystallised	  intelligence	  p=0.028).	  However	  IBS	  patients	  did	  

not	  differ	  significantly	  from	  healthy	  volunteers	  on	  either	  intelligence	  test.	  	  

	  

For	  fluid	  intelligence,	  adjustment	  by	  age	  and	  sex	  had	  little	  effect	  on	  the	  strength	  of	  

association	   with	   disease	   group,	   (Model	   1	   in	   Table	   5.2).	   When	   additional	   factors	  

including	   relationship,	  employment,	   smoking	  status	  and	  alcohol	  consumption	  were	  

inserted	  as	  covariates	   into	  the	  same	  analysis	  the	  association	  with	  groups	  remained	  

significant,	  (Model	  2	  in	  Table	  5.2).	  However	  with	  further	  adjustment	  for	  depression	  

score	  the	  association	  became	  null	  (F=2.38,	  df=231,	  p=0.095),	  (Model	  3	  in	  Table	  5.2).	  

For	   crystallised	   intelligence	   a	   similar	   picture	   was	   observed	   (Table	   5.3),	   with	   the	  

addition	  of	  depression	  as	  a	  covariate	  again	  substantially	  attenuating	  the	  association	  

(F=2.28,	  df=226,	  p=0.104).	  
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Overall,	   education	   level	   had	   the	   greatest	   association	   with	   fluid	   and	   crystallised	  

intelligence	  scores	  (Model	  5	  in	  Tables	  5.2	  and	  5.3).	  When	  education	  was	  added	  into	  

the	   ANCOVA	   analysis	   the	   significant	   association	   of	   depression	   with	   fluid	   and	  

crystallised	   intelligence	  was	   removed.	   It	   is	   apparent	   from	   table	  1	   that	   there	  was	  a	  

disparity	   in	   level	   of	   education	   between	   the	   groups	   (63%	   of	   healthy	   volunteers	  

attending	  university	  compared	  to	  only	  38%	  of	  IBD	  patients,	  p=0.023).	  To	  examine	  if	  

this	   difference	   was	   secondary	   to	   illness,	   the	   age	   of	   IBD	   onset	   was	   analysed.	   The	  

mean	  age	  of	  IBD	  onset	  was	  35	  years,	  with	  83%	  of	  patients	  having	  onset	  after	  the	  age	  

of	  20	  years.	  Those	  IBD	  patients	  who	  did	  not	  attend	  university	  had	  a	  significantly	  later	  

age	  of	  disease	  onset	   than	   those	  who	  went	   to	  university	   (mean	  age	  37	   v	   32	   years,	  

p=0.023).	  
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Table	  5.2	  Progressive	  ANCOVA	  model	  comparing	  differences	  between	  groups	  for	  
Fluid	  Intelligence	  as	  respective	  covariates	  are	  introduced.	  	  
	  

	   Model	  1	  
(F-‐value,	  p-‐

value)	  

Model	  2	  
(F-‐value,	  p-‐

value)	  

Model	  3	  
(F-‐value,	  p-‐

value)	  

Model	  4	  
(F-‐value,	  p-‐

value)	  

Model	  5	  
(F-‐value,	  p-‐

value)	  
	  

Group	  
(df=231)	  

4.03,	  0.019*	   3.60,	  0.029*	   2.14,	  0.121	   2.30,	  0.103	   1.17,	  0.312	  
	  
	  

Age	  
(df=231)	  

1.69,	  0.195	   1.34,	  0.247	   1.09,	  0.298	   0.83,	  0.363	   0.01,	  0.965	  
	  
	  

Gender	  
(df=231)	  

2.65,	  0.105	   3.00,	  0.085	   2.76,	  0.10	   3.06,	  0.082	   1.42,	  0.234	  
	  
	  

Relationship	  
(df=231)	  

	   0.64,	  0.800	   0.08,	  0.774	   0.09,	  0.766	   0.01,	  0.932	  
	  
	  

Employment	  
(df=231)	  

	   0.145,	  0.704	   0.06,	  0.804	   0.05,	  0.817	   0.21,	  0.651	  
	  
	  

Smoking	  
(df=231)	  

	   0.252,	  0.616	   0.10,	  0.753	   0.09,	  0.759	   0.04,	  0.850	  
	  
	  

Alcohol	  
(df=231)	  

	   0.387,	  0.535	   0.39,	  0.534	   0.45,	  0.501	   0.47,	  0.496	  
	  
	  

Depression	  
(df=231)	  

	   	   2.40,	  0.123	   2.60,	  0.108	   0.87,	  0.351	  
	  
	  

Anxiety	  
(df=231)	  

	   	   	   0.45,	  0.505	   0.05,	  0.830	  
	  
	  

Education	  
(df=231)	  

	   	   	   	   26.84,	  0.00*	  
	  
	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
df	  =	  Degrees	  Freedom	  
	  
Model	  1	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender)	  
Model	  2	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol)	  
Model	  3	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression)	  
Model	  4	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression,	  Anxiety)	  
Model	  5	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression,	  Anxiety,	  Education)	  
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Table	  5.3	  Progressive	  ANCOVA	  model	  comparing	  differences	  between	  groups	  for	  
Crystallised	  Intelligence	  as	  respective	  covariates	  are	  introduced.	  	  
	  

	   Model	  1	  
(F-‐value,	  	  	  	  	  	  	  	  
p-‐value)	  

Model	  2	  
(F-‐value,	  	  	  	  	  	  
p-‐value)	  

Model	  3	  
(F-‐value,	  	  	  	  	  	  	  	  
p-‐value)	  

Model	  4	  
(F-‐value,	  	  	  	  	  
p-‐value)	  

Model	  5	  
(F-‐value,	  	  	  	  	  	  
p-‐value)	  

	  
Group	  
(df=231)	  

3.95,	  0.021*	   3.42,	  0.034*	   1.87,	  0.156	   1.91,	  0.150	   0.80,	  0.451	  
	  
	  

Age	  
(df=231)	  

4.59,	  0.033*	   5.25,	  0.023*	   6.41,	  0.012*	   6.79,	  0.010*	   16.91,	  0.00*	  
	  
	  

Gender	  
(df=231)	  

4.90,	  0.028*	   4.91,	  0.028*	   4.63,	  0.033*	   4.96,	  0.027*	   2.24,	  0.136	  
	  
	  

Relationship	  
(df=231)	  

	   0.22,	  0.639	   0.28,	  0.599	   0.29,	  0.594	   0.03,	  0.864	  
	  
	  

Employment	  
(df=231)	  

	   0.80,	  0.372	   0.53,	  0.466	   0.53,	  0.467	   1.18,	  0.278	  
	  
	  

Smoking	  
(df=231)	  

	   0.01,	  0.95	   0.06,	  0.805	   0.07,	  0.796	   0.23,	  0.630	  
	  
	  

Alcohol	  
(df=231)	  

	   0.02,	  0.891	   0.02,	  0.891	   0.04,	  0.523	   0.04,	  0.852	  
	  
	  

Depression	  
(df=231)	  

	   	   5.76,	  0.017*	   4.94,	  0.027*	   1.52,	  0.219	  
	  
	  

Anxiety	  
(df=231)	  

	   	   	   0.41,	  0.523	   0.01,	  0.944	  
	  
	  

Education	  
(df=231)	  

	   	   	   	   55.90,	  0.00*	  
	  
	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
df	  =	  Degrees	  Freedom	  
	  
Model	  1	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender)	  
Model	  2	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol)	  
Model	  3	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression)	  
Model	  4	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression,	  Anxiety)	  
Model	  5	  =	  ANCOVA	  (Fixed	  factor	  =	  Group;	  Covariates	  =	  Age,	  Gender,	  Relationship,	  Employment,	  
Smoking,	  Alcohol,	  Depression,	  Anxiety,	  Education)	  
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Sub-‐Group	  analysis:	  

There	  was	  no	  significant	  difference	   in	   the	  results	  of	  cognitive	   function	  tests	   for	  UC	  

patients	  compared	   to	  CD	  patients.	  Similarly,	   regression	  analysis	  demonstrated	   that	  

there	   was	   no	   significant	   effect	   from	   disease	   activity	   (as	   measured	   by	   faecal	  

calprotectin	   level)	   or	   disease	   duration	   on	   the	   results	   of	   the	   neuropsychological	  

performance	  tests	  in	  IBD	  patients.	  	  

	  

Sixty-‐four	  of	  the	  IBD	  patients	  had	  symptoms	  compatible	  with	  a	  diagnosis	  of	  IBS	  and	  

86	   patients	   did	   not.	   However	   there	   was	   no	   significant	   difference	   on	   any	   of	   the	  

neuropsychological	  performance	   tests	  when	   these	   two	  groups	  of	   IBD	  patient	  were	  

compared.	  	  	  

	  

Regression	  analysis	   found	  no	   significant	  effect	  of	   the	   severity	  of	   IBS	   symptoms	   (as	  

measured	  by	  IBS-‐SSS	  score)	  on	  cognitive	  performance.	  

	  

	  

5.4	  Discussion	  

The	  results	  of	  this	  observational	  study	  do	  not	  support	  the	  hypothesis	  that	  IBS	  or	  IBD	  

have	  an	   intrinsic	  disease	  process	  which	  causes	  cognitive	  dysfunction.	  However	   it	   is	  

possible	   that	   concurrent	   mood	   disorders,	   in	   particular	   depression,	   are	   associated	  

with	  impaired	  performance	  of	  patients	  with	  IBD	  in	  specific	  tasks.	  	  

	  

Following	  adjustment	  of	  the	  initial	  ANOVA	  results	  to	  account	  for	  variations	  in	  simple	  

demographics	  the	  only	  significant	  difference	  between	  groups	  was	  for	  scores	  of	   the	  



	   120	  

two	   intelligence	   tests.	   Healthy	   volunteers	   scored	   significantly	   higher	   than	   IBD	  

patients	  on	  both	   intelligence	  tests,	  however	   IBS	  patients	  did	  not	  differ	  significantly	  

from	  either	  group.	  Once	  depression	  score	  was	  added	  as	  a	  covariate	   the	  difference	  

between	  healthy	  volunteers	  and	  IBD	  patients	  was	  nullified	  implying	  that	  the	  higher	  

rate	   of	   mood	   disorder	   in	   IBD	   patients	   was	   partially	   responsible	   for	   their	   inferior	  

performance.	   However,	   considering	   the	   association	   between	   depression	   and	  

intelligence	   scores	   became	   non-‐significant	   when	   education	   level	   was	   added	   as	   a	  

covariate,	  it	  appears	  that	  the	  initial	  group	  effects	  were	  more	  related	  to	  variations	  in	  

education	  than	  depression.	  	  

	  

It	  seems	  unlikely	  that	  the	  difference	  in	  education	  level	  between	  groups	  was	  a	  result	  

of	   IBD	   as	   the	   vast	   majority	   of	   patients	   had	   disease	   onset	   after	   finishing	   their	  

education,	   and	   the	  mean	   age	   of	   disease	   onset	   was	   significantly	   younger	   in	   those	  

patients	   that	   attended	   university.	   This	   earlier	   age	   of	   disease	   onset	   may	   reflect	  

differing	  patterns	  of	   sickness	  behaviour	   rather	   than	  any	   specific	  disease	   trait,	  with	  

highly	  educated	  people	  tending	  to	  seek	  medical	  attention	  at	  an	  earlier	  stage.	  	  

	  

Intellectual	  deficits	  have	  been	  reported	  in	  patients	  with	  IBS	  and	  IBD	  previously	  (200,	  

201).	  Both	  studies,	  performed	  by	  the	  same	  research	  team,	  identified	  a	  reduction	  in	  

verbal	   IQ	   relative	   to	   performance	   IQ	   in	   both	   IBS	   and	   IBD	   patients	   compared	   to	  

controls.	   Interestingly,	   these	   differences	   remained	   significant	   after	   education	   and	  

mood	  disorder	  were	   added	   as	   covariates.	   Patients	   in	   these	   studies	  were	   recruited	  

from	   community	   advertising	   and	   research	   databases	   rather	   than	   gastroenterology	  

clinic.	  A	  separate	  study	  that	  examined	  cognition	  in	  IBS	  sufferers,	  found	  no	  difference	  
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in	   intelligence	  scores	  compared	  to	  healthy	  volunteers,	  but	  observed	  a	  difference	  in	  

constructive	   thinking,	   a	   concept	   which	   reflects	   problem	   solving	   style	   rather	   than	  

problem	  solving	  ability	  (205).	  

	  

Reduced	  concentration	  and	  poor	   short-‐term	  memory	  are	  amongst	  a	   range	  of	  non-‐

gastrointestinal	  symptoms	  that	  have	  been	  described	  in	  association	  with	  both	  IBS	  and	  

lactose	   intolerance	   (162,	   165).	   These	   subjective	   reports	   are	   similar	   to	   the	  

observations	   described	   in	   Chapter	   4	   of	   this	   thesis.	   The	   absence	   of	   any	   objective	  

evidence	   for	   impaired	   cognition,	   together	  with	   the	   association	  of	   these	   symptoms	  

with	  mood	  disorders,	  potentially	  adds	  further	  support	  to	  the	  hypothesis	  that	  these	  

features	   are	   due	   to	   somatisation	   rather	   than	   an	   underlying	   systemic	  

pathophysiology.	  	  

	  

A	  strength	  of	  this	  study	  was	  the	  detailed	  measures	  taken	  to	  verify	  the	  diagnosis	  of	  

patients	  with	   IBS	  and	   IBD.	   This	   is	  particularly	   important	   in	   cases	  of	   IBS,	  where	   the	  

term	  is	  frequently	  applied	  to	  patients	  with	  a	  variety	  of	  abdominal	  symptoms	  that	  do	  

not	   meet	   diagnostic	   criteria.	   Incorporating	   a	   normal	   faecal	   calprotectin	   or	  

colonoscopy	   into	  the	   inclusion	  criteria	  provided	  further	  confidence	   in	  the	  diagnosis	  

of	   IBS.	   However	   it	   is	   recognised	   that	   the	   IBS	   patients	   in	   this	   study	  were	   recruited	  

from	   a	   secondary	   referral	   clinic	   and	   so	   are	   likely	   to	   have	   a	   higher	   burden	   of	  

symptoms	  than	  the	  majority	  of	  patients	  who	  either	  do	  not	  seek	  medical	  attention	  or	  

are	  managed	  in	  primary	  care.	  
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The	   study	   has	   several	   limitations.	   Firstly,	   the	   study	  was	   powered	   to	   detect	   a	   20%	  

difference	   in	   mean	   values	   between	   groups,	   which	   was	   deemed	   to	   be	   clinically	  

significant.	   Consequently,	   smaller	   differences	   that	   could	   be	   of	   scientific	   and	  

physiological	   importance	   may	   not	   be	   detected.	   Larger	   studies	   are	   required	   to	  

identify	   with	   confidence	   the	   range	   and	   strength	   of	   association	   between	   cognitive	  

performance	  and	   IBD	  and	   IBS.	  Secondly,	  only	  certain	   features	  of	  cognitive	   function	  

were	   examined.	   The	   Cardiff	   Cognitive	   Battery	   has	   been	   developed	   primarily	   for	  

epidemiologic	   use	   and	   whilst	   the	   results	   suggest	   there	   is	   not	   a	   generalised	  

impairment	   of	   cognition,	   it	   is	   possible	   that	   other	   specific	   forms	   of	   memory,	  

perception	   or	   language	   that	   were	   not	   assessed	   in	   this	   study	   could	   be	   affected.	   A	  

further	  limitation	  is	  that	  the	  recruitment	  of	  participants	  was	  not	  strictly	  matched	  in	  

terms	   of	   demographics.	   Healthy	   volunteers	   were	   predominantly	   recruited	   from	   a	  

panel	  set	  up	  by	  Cardiff	  University,	  and	  therefore	  the	  higher	  prevalence	  of	  university	  

education	   likely	   reflects	   this	   source.	   This	  was	   a	   confounding	   factor	   in	   the	   analysis	  

that	  ideally	  would	  have	  been	  matched	  for	  at	  recruitment,	  however	  using	  education	  

as	  a	  covariate	  enabled	  these	  differences	  to	  be	  controlled	  for.	  	  	  

	  

A	   final	   limitation	   reflects	   the	   chronic	   relapsing	   nature	   of	   IBS	   and	   IBD,	   in	   which	  

activity	  varies	  over	  time.	  In	  IBS,	  symptoms	  can	  be	  particularly	  volatile,	  with	  episodes	  

lasting	   only	   several	   hours	   before	   resolving.	   It	   is	   feasible	   that	   in	   IBS,	   cognitive	  

dysfunction	  may	  only	  occur	  transiently	  whilst	  the	  illness	  is	  at	  its	  most	  active	  and	  that	  

the	   effects	   are	   fully	   reversible.	   Consequently,	   a	   one-‐off	   neuropsychological	  

assessment	  as	  performed	  in	  this	  study	  may	  not	  detect	  abnormalities.	  Although	  IBS-‐
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SSS	  is	  a	  validated	  measure	  of	  severity,	  it	  considers	  symptoms	  over	  the	  previous	  ten	  

days	  and	  so	  does	  not	  necessarily	  reflect	  activity	  at	  the	  time	  of	  cognitive	  testing.	  	  

	  

Recruitment	  of	  participants	  in	  this	  study	  was	  restricted	  to	  between	  the	  ages	  of	  18	  to	  

65	  years.	   	  Therefore,	   the	  question	  as	  to	  whether	   IBS	  or	   IBD	   impacts	  on	  the	  rate	  of	  

cognitive	  decline	  that	  occurs	   in	  older	  age	  has	  not	  been	  explored.	   It	   is	  possible	  that	  

any	  adverse	  effects	  of	  pro-‐inflammatory	   cytokines	  on	  brain	   function	  may	  be	  more	  

apparent	   in	  the	  older	  population.	  Future	  research	  should	  examine	  the	  effect	  of	   IBS	  

and	  IBD	  on	  cognition	  in	  this	  age	  group	  and	  establish	  if	  there	  is	  any	  association	  with	  

the	  onset	  of	  dementia.	  	  	  

	  

IBS	  patients	  in	  this	  study	  were	  not	  sub-‐classified	  into	  those	  with	  constipation	  (IBS-‐C),	  

diarrhoea	   (IBS-‐D),	   or	   mixed	   symptoms	   (IBS-‐M)	   (70).	   Therefore	   further	   studies	   are	  

also	   required	   to	   explore	   this	   population	   in	   greater	   detail	   and	   determine	   whether	  

cognition	  varies	  between	  these	  sub-‐types.	  	  	  

	  

In	   summary,	   this	   study	   has	   not	   found	   any	   evidence	   to	   suggest	   that	   a	   generalised	  

cognitive	   impairment	  occurs	   in	  patients	  with	   IBS	  or	   IBD.	  Consequently,	   there	  does	  

not	   appear	   to	   be	   any	   capacity	   for	   cognitive	   function	   testing	   to	   be	   used	   as	   a	  

biomarker	  for	  either	  disorder.	  Anxiety	  and	  depression	  are	  common	  manifestations	  in	  

patients	   with	   these	   conditions,	   and	   it	   appears	   that	   their	   presence	   may	   affect	  

performance	   in	   certain	   situations.	   The	   management	   of	   concurrent	   psychological	  

illnesses	   should	   remain	   an	   important	   therapeutic	   target	   in	  maintaining	   the	   global	  

well-‐being	  of	  patients	  with	  IBS	  and	  IBD.	  	  	  	  
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Chapter	  6	  
	  
	  
	  

A	  randomised	  controlled	  trial	  of	  mindfulness-‐

based	  therapy	  for	  IBD	  patients	  with	  IBS-‐type	  

symptoms	  or	  high	  perceived	  stress	  levels	  
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6.1	  Introduction	  

A	  variety	  of	  psychotherapeutic	  interventions	  have	  been	  studied	  in	  patients	  with	  IBD.	  

These	   strategies	   include	   stress	   management,	   cognitive	   behavioural	   therapy,	  

psychodynamic	  psychotherapy	  and	  hypnosis	  (206-‐209).	  Meta-‐analysis	  of	  these	  trials	  

has	   been	   limited	   due	   to	   diversity	   in	   the	   interventions	   used,	   patients	   included	   and	  

outcomes	  analysed,	  nevertheless	   it	  appears	   that	  moderate	   improvements	   in	  mood	  

disorders	   and	   quality	   of	   life	   scores	  may	   result	   whereas	   impact	   on	   disease	   activity	  

seems	   minimal	   (160,	   210-‐212).	   A	   Cochrane	   review	   of	   psychological	   interventions	  

performed	   in	  unselected	   IBD	  patients	  concluded	  that	  psychotherapy	  should	  not	  be	  

administered	  to	  all	  patients,	  but	  may	  be	  of	  benefit	  in	  specific	  circumstances	  and	  that	  

further	  research	  should	  identify	  those	  sub-‐groups	  most	  likely	  to	  benefit	  (157).	  

	  

Psychological	   therapies	   have	   been	   shown	   to	   be	   an	   effective	   form	   of	   treatment	   in	  

irritable	  bowel	  syndrome	  and	  have	  been	  included	  in	  management	  guidelines	  (75,	  81,	  

213,	  214).	   It	   is	   feasible	   that	   IBD	  patients	  with	   IBS-‐type	   symptoms	  may	   represent	  a	  

sub-‐group	  of	  patients	   that	  will	  benefit	   from	  psychotherapeutic	   intervention.	  These	  

patients	  are	  recognised	  to	  have	  higher	  anxiety	  levels	  and	  report	  lower	  quality	  of	  life	  

scores	  than	  their	  counterparts	  without	  IBS-‐type	  symptoms	  (134,	  135).	  	  

	  

A	  second	  sub-‐group	  that	  could	  potentially	  benefit	  are	  those	  IBD	  patients	  with	  raised	  

perceived	   stress	   levels.	   Several	   prospective	   studies	   have	   demonstrated	   that	  mood	  

disorders	   and	  high	   perceived	   stress	   levels	   are	   associated	  with	   an	   increased	   risk	   of	  

IBD	   relapse	   (65,	   67,	   215).	  However	   these	   studies	  did	  not	  use	  objective	  markers	  of	  

intestinal	  inflammation	  to	  define	  relapse	  and	  instead	  relied	  on	  clinical	  activity	  index	  
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scores.	   These	   indices	   can	   be	   influenced	   by	   IBS-‐type	   symptoms,	  which	   occur	  more	  

commonly	   in	   the	   presence	   of	   mood	   disorders,	   and	   so	   it	   is	   possible	   that	   disease	  

activity	  and	   therefore	   relapse	   rate	  may	  have	  been	  over-‐estimated	  as	  a	   result	   (53).	  

Improving	   coping	   mechanisms	   and	   reducing	   perceived	   stress	   levels	   in	   this	   group	  

might	  enhance	  outcomes	  by	  reducing	  the	  burden	  of	  functional	  symptoms.	  

	  

Multi-‐convergent	   therapy	   (MCT)	   is	   a	   form	   of	   psychotherapy	   that	   combines	  

mindfulness	   meditation	   together	   with	   aspects	   of	   cognitive	   behavioural	   therapy.	  

Mindfulness	   is	   an	   awareness	   of	   the	   present	  moment	   experience,	   and	   emphasises	  

attention	  on	  ones	  thoughts,	  bodily	  sensations	  and	  emotions.	  Through	  meditation,	  an	  

ability	  to	  non-‐judgementally	  appreciate	  these	  aspects	   is	  developed	  with	  the	  aim	  of	  

gaining	   a	   deeper	   perspective	   on	   one’s	   own	   response	   to	   stress	   (216).	   The	   clinical	  

effectiveness	  of	  MCT	  has	  been	  demonstrated	  for	  the	  treatment	  of	  IBS,	  tinnitus,	  and	  

chronic	  fatigue	  syndrome	  but	   its	  applicability	  and	  efficacy	   in	  an	   IBD	  population	  has	  

not	  previously	  been	  assessed	  (217-‐219).	  

	  

IBD	  patients	  with	   IBS-‐type	  symptoms	  or	  high	  perceived	  stress	   levels	   represent	   two	  

sub-‐groups	  that	  could	  potentially	  benefit	  from	  psychological	  therapy.	  The	  aim	  of	  this	  

study	  is	  to	  assess	  the	  feasibility	  and	  efficacy	  of	  using	  multi-‐convergent	  therapy	  in	  the	  

management	  of	  these	  two	  groups	  of	  IBD	  patients.	  

	  	  

Hypothesis:	  Multi-‐convergent	  therapy	  will	  improve	  quality	  of	  life	  in	  IBD	  patients	  who	  

are	  in	  clinical	  remission	  and	  have	  either	  IBS-‐type	  symptoms	  or	  high	  perceived	  stress	  

levels.	  
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6.2	  Methods	  

	  

Inclusion	  and	  Exclusion	  Criteria:	  

Patients	  with	   inflammatory	  bowel	   disease	   that	  met	   the	   following	   inclusion	   criteria	  

were	  invited	  to	  participate:	  	  

(i)	  age	  18	  -‐	  65	  years	  	  

(ii)	  diagnosis	  of	  UC	  or	  CD	  that	  was	  in	  clinical	  remission	  based	  on	  the	  respective	  SCCAI	  

and	  HBI	  scores,	  and	  a	  C-‐reactive	  protein	  level	  <10mg/l	  

(iii)	  the	  presence	  of	  IBS-‐type	  symptoms	  or	  a	  high	  perceived	  stress	  level.	  	  

(Definitions	  of	  these	  criteria	  are	  provided	  below).	  	  

	  

The	  following	  were	  listed	  as	  exclusion	  criteria:	  	  

(i)	  pregnancy	  	  

(ii)	  presence	  of	  ileostomy	  or	  colostomy	  	  

(iii)	  previous	  colectomy	  

(iv)	  change	  in	  IBD	  medication	  (including	  use	  of	  steroids)	  in	  previous	  three	  months	  

(v)	  change	  in	  psychotropic	  medication	  in	  previous	  three	  months	  

(vi)	  diagnosis	  of	  cognitive	  impairment	  

(vii)	  previous	  psychological	  therapy.	  	  

	  

Intervention:	  

Patients	  were	   randomly	   allocated	   to	   either	   the	  MCT	   course	  plus	   standard	  medical	  

therapy	  (active	  group)	  or	  standard	  medical	  therapy	  alone	  (control	  group).	  	  
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MCT	   employs	   a	   range	   of	   behavioural	   and	   cognitive	   techniques	   with	   mindfulness	  

meditation	   as	   its	   central	   component.	   In	   this	   trial	   the	   therapeutic	   approach	   was	  

standardised	   to	   follow	   the	   session	   plan	   summarised	   in	   Table	   6.1.	   The	  MCT	   course	  

consisted	  of	  six	  face-‐to-‐face	  sessions,	  each	  lasting	  40	  minutes,	  and	  took	  place	  over	  a	  

16-‐week	   period.	   A	   single	   experienced	   therapist	   conducted	   the	   course,	   which	   was	  

performed	  at	  the	  University	  Hospital	  of	  Wales,	  Cardiff.	  

	  

Table	  6.1	  A	  summary	  of	  the	  session	  plan	  for	  the	  multi-‐convergent	  therapy	  course	  

Session	   Topic	   Contents	  

1	   Motivational	  

interview	  

Explore	  biopsychosocial	  model	  +	  stress	  response	  

Patient	  to	  keep	  diary	  of	  stressors	  /	  behaviours	  /	  symptoms	  

2	   Treatment	  

rationale	  

Identify	  stressors	  +	  explore	  coping	  mechanisms	  

Introduction	  to	  MM	  –	  written	  /	  audio	  material	  

3	   Mindfulness	  

meditation	  

Reflection	  on	  behaviour	  patterns	  

Application	  of	  MM	  

4	   Theme	  

exploration	  

Teaching	  patient	  to	  become	  their	  own	  therapist	  

Role	  of	  graded	  exercise	  and	  breathing	  exercises	  

5	   Relapse	  

prevention	  

Use	  of	  meditation	  to	  influence	  physiological	  responses	  

Complement	  lifestyle	  to	  maintain	  and	  consolidate	  gains	  	  

6	   Final	  Review	   Review	  of	  internal	  locus	  of	  control	  

Reflect	  on	  techniques	  and	  patient	  preferences	  

MM	  =	  mindfulness	  meditation	  
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Assessments	  and	  Definitions:	  

The	  presence	  of	  IBS-‐type	  symptoms	  was	  determined	  using	  Rome	  III	  criteria,	  and	  the	  

severity	  was	  assessed	  by	  the	  IBS-‐SSS.	  The	  presence	  of	  mood	  disorders	  was	  evaluated	  

using	  the	  hospital	  anxiety	  and	  depression	  scale	  (HAD).	  

	  

Further	   questionnaires	   were	   used	   to	   assess	   measures	   of	   stress	   and	   coping	  

mechanisms,	   quality	   of	   life,	   intelligence,	   personality,	   and	   availability	   of	   social	  

resources:	  

	  

Revised	   Daily	   Hassles	   Scale	   (RDHS):	   This	   measure	   of	   minor	   life	   stressors	   uses	   an	  

ordinal	   scale	   of	   0	   to	   3	   to	   grade	   the	   degree	   of	   hassle	   caused	   by	   each	   of	   53	  minor	  

common	   events	   (220).	   A	   cumulative	   score	   is	   calculated	   (range	   =	   0-‐159).	  	  	  	  	  	  	  

(Appendix	  8).	  	  

	  

Perceived	   Stress	   Questionnaire	   (PSQ):	   Levels	   of	   perceived	   stress	   were	   evaluated	  

using	   a	   questionnaire	   that	   has	   been	   based	   on	   observations	   of	   an	   IBD	   population	  

(221).	   An	   ordinal	   scale	   of	   1	   to	   4	   is	   applied	   to	   30	   questions	   regarding	   the	   level	   of	  

perceived	  stress	  experienced	  in	  the	  previous	  month.	  A	  cumulative	  total	  is	  calculated.	  

This	   total	   has	   30	   points	   subtracted,	   and	   then	   is	   divided	   by	   90	   (final	   score	   =	   0.00-‐

1.00).	   In	  a	  prospective	  study	  of	  patients	  with	  UC	  a	  PSQ	  score	  of	  >0.44	  significantly	  

increased	  the	  risk	  of	  an	  exacerbation	   in	  the	  following	  eight	  months	  (65).	  Therefore	  

the	  entry	  criteria	  cut-‐off	  for	  defining	  a	  high	  level	  of	  perceived	  stress	  was	  set	  at	  >0.44.	  

(Appendix	  9).	  
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Ways	   of	   Coping	   Checklist	   (WCC):	   Participants	   indicate	   how	   frequently	   they	   use	  

certain	  behaviours	  and	  coping	  mechanisms	  in	  response	  to	  stressful	  scenarios	  (222).	  

The	   questions	   are	   split	   into	   five	   coping	   styles	   (wishful	   thinking,	   positive	   thinking,	  

avoidance,	   seek	   advice,	   and	   self	   blame).	   A	   mean	   score	   for	   each	   coping	   style	   is	  

calculated	  (range	  =	  0-‐3)	  with	  a	  higher	  score	  representing	  more	  frequent	  use	  of	  that	  

particular	  style.	  (Appendix	  10).	  

	  

Inflammatory	  Bowel	  Disease	  Questionnaire	  (IBDQ):	  This	  is	  a	  validated	  quality	  of	  life	  

assessment	  tool	  specifically	  for	  patients	  with	  IBD	  (223).	  An	  ordinal	  scale	  of	  1	  to	  7	  is	  

used	  to	  respond	  to	  32	  questions	  concerning	  quality	  of	   life	  (overall	  score	  =	  32-‐224).	  

The	  questions	  are	  split	  into	  4	  domains	  (bowel,	  emotional,	  systemic,	  and	  social)	  and	  a	  

mean	  score	  can	  be	  calculated	  for	  each	  domain.	  (Appendix	  11).	  

	  

National	   Adult	   Reading	   Test	   (NART):	   This	   is	   a	   literacy	   assessment	   in	   which	  

participants	   are	   tested	   on	   the	   pronunciation	   of	   50	   irregularly	   spelled	   words.	   The	  

number	   of	   correct	   responses	   are	   counted	   (score	   =	   0-‐50).	   It	   is	   a	   measure	   of	  

crystallised	  intelligence	  (203).	  (Appendix	  12).	  

	  

Big	  Five	  Inventory	  (BFI):	  Using	  a	  self-‐rating	  scale	  participants	  answer	  44	  statements	  

regarding	   their	   personality	   (224).	   The	   responses	   are	   split	   into	   five	   domains;	  

extraversion,	  agreeableness,	  conscientiousness,	  neuroticism	  and	  openness.	  A	  mean	  

score	  (range	  =	  1-‐5)	  is	  calculated	  for	  each	  domain	  with	  a	  high	  score	  signifying	  a	  strong	  

correlation	  with	  that	  particular	  type	  of	  personality.	  (Appendix	  13).	  
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Interpersonal	  Support	  Evaluation	  List	   (ISEL):	  This	  assesses	   the	  perceived	  availability	  

of	   social	   resources	   (225).	   It	   consists	   of	   40	   statements	   that	   are	   rated	   from	   1	   to	   4	  

based	  on	  their	  applicability	  to	  the	  individual	  (overall	  score	  =	  40-‐160).	  (Appendix	  14).	  

	  

Assessment	  of	  Disease	  Activity:	  

Activity	  of	  IBD	  was	  determined	  using	  two	  respective	  definitions:	  

	  

(i).	   	   Clinical	   Indices:	   For	   UC	   patients,	   the	   simple	   clinical	   colitis	   activity	   index	   was	  

modified	   such	   that	   the	   ‘general	  well	   being’	   score	  was	  excluded	   (it	  was	   considered	  

that	   IBS-‐type	   symptoms	   and	   high	   perceived	   stress	   levels	  would	   disproportionately	  

affect	  this	  element)	  (138).	  Remission	  was	  defined	  as	  a	  score	  less	  than	  three.	  Similarly	  

in	   CD	   a	   modified	   Harvey-‐Bradshaw	   index	   score	   was	   used	   with	   the	   ‘general	   well	  

being’	  score	  excluded,	  and	  remission	  defined	  as	  less	  than	  five	  points	  (137).	  	  

	  

(ii).	  Faecal	  Calprotectin:	  FC	  levels	  were	  monitored	  to	  provide	  an	  objective	  marker	  of	  

intestinal	   inflammation.	   They	   were	   not	   used	   as	   inclusion	   criteria	   for	   the	   study	   as	  

samples	  were	  stored	  in	  batches	  before	  analysis	  and	  so	  results	  were	  not	  immediately	  

available.	   Patients	  were	   asked	   to	  provide	   a	   stool	   sample	  within	  one	  week	  of	   their	  

clinical	  assessment.	  	  

	  

Changes	  in	  patients’	  medication	  during	  the	  follow-‐up	  period	  were	  also	  recorded.	  An	  

escalation	   in	   IBD	   therapy	   included	   any	   initiation	   or	   increase	   in	   dosage	   of	   anti-‐

inflammatory,	  steroid,	  immunosuppressant,	  or	  biological	  medication.	  
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Trial	  Protocol:	  

A	  series	  of	  questionnaires	  were	  completed	  at	  baseline	  (time	  =	  0)	  including	  Rome	  III	  

Criteria,	  IBS-‐SSS,	  IBDQ,	  RDHS,	  PSQ,	  and	  WCC.	  Assessments	  of	  personality	  (BFI),	  social	  

resources	  (ISEL),	  intelligence	  (NART),	  and	  mood	  disorder	  (HAD)	  were	  also	  performed	  

at	  baseline	  in	  consideration	  of	  their	  potential	  to	  influence	  the	  outcome	  of	  therapy.	  

	  

Patients	   in	   active	   and	   control	   groups	   were	   assessed	   at	   four,	   eight,	   and	   twelve	  

months	  during	   the	  one	   year	   follow-‐up	  period	  using	  postal	   questionnaires.	  At	   each	  

assessment	   their	   disease	   activity	   was	   assessed	   (together	   with	   providing	   a	   stool	  

sample	  for	  FC	  level),	  and	  questionnaires	  were	  completed	  including	  Rome	  III	  Criteria,	  

IBS-‐SSS,	  IBDQ,	  RDHS,	  PSQ,	  and	  WCC.	  

	  

Patients	   in	   both	   groups	   continued	   to	   receive	   standard	   medical	   care	   for	   their	   IBD	  

throughout	  the	  trial.	  They	  were	  asked	  to	  report	  any	  changes	   in	  medication	  at	  each	  

four	  monthly	  assessment.	  

	  

Randomisation:	  

Patients	  were	   randomised	   to	   either	   an	   active	   or	   control	   group	   once	   the	   eligibility	  

criteria	  had	  been	  fulfilled	  and	  consent	  had	  been	  obtained.	  A	  blocked	  randomisation	  

process,	   using	   random	  permuted	   blocks	   of	   size	   four	   and	   six	   (selected	   at	   random),	  

was	   generated	   by	   the	   South	   East	  Wales	   Trials	   Unit.	   The	   sequences	  were	   put	   into	  

sequentially	  numbered	  sealed	  opaque	  envelopes	  for	  use	   in	  the	  clinic.	  Patients	  with	  

IBS-‐type	  symptoms	  were	  stratified	  according	  to	  type	  of	  IBD	  (UC	  or	  CD)	  and	  severity	  

of	   IBS	   (IBS-‐SSS	   <	   or	  ≥300).	   Patients	  with	   high	   perceived	   stress	   levels	   who	   did	   not	  
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have	  IBS-‐type	  symptoms	  were	  stratified	  according	  to	  type	  of	  IBD.	  At	  the	  end	  of	  the	  

study	  an	  audit	  of	  the	  randomisation	  record	  was	  completed.	  	  

	  

Sample	  Size:	  

A	  power	  analysis	  was	  performed	  using	  α	  =	  0.05	  and	  β	  =	  0.80.	  The	  mean	  IBDQ	  score	  

for	  patients	  in	  clinical	  remission	  has	  previously	  been	  reported	  as	  183	  with	  a	  standard	  

deviation	   of	   27.6	   (226).	   A	   clinically	   significant	   improvement	   in	   quality	   of	   life	   as	  

measured	   by	   the	   IBDQ	   was	   taken	   to	   be	   20	   (227).	   This	   indicated	   that	   30	   patients	  

would	   be	   needed	   in	   each	   trial	   arm.	   A	   10%	   drop-‐out	   rate	   was	   predicted	   and	   so	   a	  

recruitment	  target	  of	  66	  patients	  was	  set.	  	  	  

	  

Outcome	  Measures:	  

The	  primary	  outcome	  measure	  in	  this	  study	  was	  IBDQ	  score	  at	  four	  months	  analysed	  

in	  the	  complete	  case	  population.	  Secondary	  outcomes	  included	  descriptive	  analysis	  

of	   the	  acceptability	  and	   feasibility	  of	  administering	  MCT	   to	  an	   IBD	  population,	  and	  

the	   effect	   of	   MCT	   on	   disease	   activity,	   levels	   of	   perceived	   stress	   and	   coping	  

mechanisms.	   Separate	   exploratory	   sub-‐group	   analyses	   were	   performed	   on	   those	  

patients	   with	   FC	   <90µg/g	   at	   baseline,	   those	   recruited	   with	   IBS-‐type	   symptoms	   at	  

baseline,	  and	  those	  recruited	  with	  a	  high	  perceived	  stress	  level	  at	  baseline.	  
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Study	  Population	  Definitions:	  

Screening	  population:	  Patients	  approached	  to	  participate	  in	  the	  trial.	  

Intention-‐to-‐treat	  (ITT)	  population:	  Patients	  randomised	  into	  the	  trial.	  

Complete-‐case	  population:	  Those	  patients	   from	   the	   ITT	  population	   that	   completed	  

the	  follow-‐up	  assessments.	  

Per-‐protocol	   population:	   Patients	   that	   fully	   complied	   with	   the	   protocol	   and	  

completed	  the	  follow-‐up	  assessments.	  

	  

Statistical	  Analysis:	  

Assessment	  of	   IBDQ	  was	  performed	  for	  the	  complete-‐case-‐population	  and	  the	  per-‐

protocol-‐population	   using	   analysis	   of	   covariance	   (ANCOVA)	   with	   baseline	   IBDQ	   as	  

covariate.	  ANCOVA	  was	  also	  used	  to	  compare	  stress	  scores,	  coping	  mechanisms,	  and	  

in	  the	  sub-‐group	  analysis	  of	  IBS-‐SSS	  scores.	  Regression	  analysis	  was	  used	  to	  evaluate	  

factors	  associated	  with	  failure	  to	  complete	  the	  MCT	  course,	  and	  also	  characteristics	  

associated	  with	  an	   improvement	   in	   IBDQ	  after	   the	  MCT	  course.	  For	  questionnaires	  

that	  had	   less	  than	  50%	  of	  a	  domain	  completed	  the	  missing	  data	  was	  replaced	  with	  

the	  mean	  result	  for	  that	  domain,	  otherwise	  they	  were	  regarded	  as	  missing	  data.	  

	  

Trial	  Registration:	  

This	  trial	  was	  registered	  at	  ClinicalTrials.gov;	  trial	  identifier	  NCT01426568.	  	  
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6.3	  Results	  

A	  total	  of	  66	  patients	  were	  randomised	   into	  the	  trial.	  The	  demographic	  details	  and	  

clinical	  characteristics	  of	  these	  patients	  are	  outlined	  in	  Table	  6.2.	  	  

	  

Of	   the	  33	  patients	   in	   the	  active	  arm,	  eight	  did	  not	  attend	   the	   intervention	  and	   six	  

dropped	   out	   during	   the	   course.	   The	   follow-‐up	   assessment	   at	   four	   months	   was	  

completed	  by	  27	  patients.	  In	  the	  control	  group	  only	  one	  patient	  was	  lost	  to	  follow-‐up	  

during	   the	   initial	  phase	  and	   so	  32	  patients	   completed	   the	   four-‐month	  assessment.	  

The	  progression	  of	  patients	  through	  the	  trial	  and	  the	  reasons	  for	  drop-‐out	  are	  shown	  

in	  Figure	  6.1.	  	  

	  

The	  only	  significant	  disparity	  between	  patients	   lost	  to	  follow-‐up	  and	  the	  complete-‐

case-‐population	   was	   a	   younger	   age	   (respective	  mean	   age	   of	   33	   years	   v	   47	   years,	  

p=0.04).	   Logistic	   regression	   analysis	   of	   those	   participants	   in	   the	   active	   arm	   of	   the	  

trial	   did	   not	   identify	   any	   patient	   characteristics	   that	   were	   significantly	   associated	  

with	  failure	  to	  complete	  the	  MCT	  course.	  	  

	  

Primary	  Outcome	  

Analysis	   of	   the	   complete-‐case-‐population	   found	   that	   the	  mean	   IBDQ	   score	   at	   four	  

months	   had	   improved	   to	   167	   in	   those	   patients	   randomised	   to	   the	   MCT	   course,	  

whereas	  it	  remained	  unchanged	  at	  156	  for	  those	  in	  the	  control	  group.	  However	  the	  

difference	   between	   the	   groups	   was	   not	   statistically	   significant	   (F(1,58)=3.165,	  

p=0.081).	  	  
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Table	  6.2	  Demographic	  details	  and	  clinical	  characteristics	  of	  the	  ITT	  population	  at	  baseline	  
	  

	   Active	  (n=33)	  
	  

Control	  (n=33)	  

Age,	  Years	   44.4	  (11.7)	   45.4	  (10.6)	  
	  

Gender:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Male	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Female	  

24%	  (8)	  
76%	  (25)	  

21%	  (7)	  
79%	  (26)	  

	  

Diagnosis:	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ulcerative	  Colitis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Proctitis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Left-‐sided	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Pan-‐colitis	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Crohn’s	  Disease	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ileal	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ileo-‐colonic	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Colonic	  

73%	  (24)	  
25%	  (6)	  
58%	  (14)	  
17%	  (4)	  

	  
27%	  (9)	  
22%	  (2)	  
33%	  (3)	  
44%	  (4)	  

64%	  (21)	  
24%	  (5)	  
67%	  (14)	  
10%	  (2)	  

	  
36%	  (12)	  
33%	  (4)	  
33%	  (4)	  
33%	  (4)	  

	  

IBD	  Flare	  In	  Last	  Year	   52%	  (17)	   55%	  (18)	  
	  

IBD	  Medication:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5-‐ASA	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Immunosuppressants	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Biologics	  

70%	  (23)	  
24%	  (8)	  
9%	  (3)	  

67%	  (22)	  
39%	  (13)	  
0%	  (0)	  

	  

Current	  Smoker	   9%	  (3)	   6%	  (2)	  
	  

Current	  Antidepressant	  Use	   18%	  (6)	   12%	  (4)	  
	  

National	  Adult	  Reading	  Test	  Score	   33	  (13	  -‐	  45)	   37	  (10	  -‐	  47)	  
	  

ISEL	  Score	   82	  (19)	   85	  (13)	  
	  

Personality:	  	  	  	  	  Extraversion	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Agreeableness	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Conscientiousness	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Neuroticism	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Openness	  

3.1	  (0.8)	  
4.0	  (0.6)	  
4.0	  (0.6)	  
3.5	  (0.7)	  
3.4	  (0.6)	  

3.1	  (0.8)	  
4.0	  (0.8)	  
3.9	  (0.7)	  
3.5	  (0.8)	  
3.6	  (0.7)	  

	  

HAD	  Scale	  	  	  	  	  	  	  	  Anxiety	  Score:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Depression	  Score:	  
	  

10.0	  (3.5)	  
6.2	  (2.9)	  

11.6	  (4.4)	  
6.9	  (3.4)	  

	  

IBS-‐Type	  Symptoms	  Present	  
(Meeting	  Rome	  III	  criteria)	  

58%	  (19)	   58%	  (19)	  

Severity	  of	  IBS-‐Type	  Symptoms	  
(IBS-‐SSS)	  

237	  (101)	   221	  (83)	  

Inflammatory	  Bowel	  Disease	  
Questionnaire	  Score	  

152	  (33)	   156	  (20)	  
	  

Faecal	  Calprotectin	  Level	  (µg/g)	   105	  (0-‐1019)	   85.5	  (0-‐1089)	  
	  

Faecal	  Calprotectin	  <90µg/g	   48%	  (14)	   53%	  (16)	  
	  

ISEL	  =	  Interpersonal	  Support	  Evaluation	  List;	  HAD	  =	  Hospital	  Anxiety	  +	  Depression	  Scale;	  	  
IBS-‐SSS	  =	  Irritable	  Bowel	  Syndrome	  Symptom	  Severity	  Score	  
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Figure	  6.1	  Patient	  flow	  through	  the	  study	  

	  

Randomised*(n=66)*

Allocated*to*MCT*Course*(n=33)*
9 Received*interven;on*(n=25)*

9 Did*not*a?end*interven;on*(n=8)*
**(Unable*to*contact*=*5,*Illness*=*2,*Time*=*1)***

Allocated*to*Control*Group*(n=33)*

Analysis*at*4*month*follow9up:*
9*Complete*case*popula;on*(n=27)*
9 Per*protocol*popula;on*(n=18)*

Lost*to*follow9up*(n=6)*
(Unable*to*contact*=*6)*

Discon;nued*interven;on*(n=6)*
(Time*=*3,*Illness*=*1,*

*Pregnant*=*1,*Disliked*course*=*1)**

Assessed*for*eligibility*
(n=*257)*

Excluded*(n=47)*
Inclusion*criteria*not*met*(n=121)*
Declined*to*par;cipate*(n=25*)**

Lost*to*follow9up*(n=1)*
(Unable*to*contact*=*1)*

Analysis*at*4*month*follow9up:*
9*Complete*case*popula;on*(n=32)*
9 Per*protocol*popula;on*(n=32)*

Analysis at 8 month follow-up: 
9*Complete*case*popula;on*(n=22)*
9 Per*protocol*popula;on*(n=17)*

Analysis at 8 month follow-up: 
9*Complete*case*popula;on*(n=30)*
9 Per*protocol*popula;on*(n=30)*

Analysis at 12 month follow-up: 
9*Complete*case*popula;on*(n=23)*
9 Per*protocol*popula;on*(n=16)*

Analysis at 12 month follow-up: 
9*Complete*case*popula;on*(n=28)*
9 Per*protocol*popula;on*(n=28)*
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The	   improvement	   in	   IBDQ	  observed	   in	  the	  active	  group	  appeared	  to	  be	  of	  a	  global	  

nature	  with	  increased	  scores	  in	  all	  four	  domains	  of	  the	  assessment	  (Table	  6.3).	  The	  

progression	  of	  IBDQ	  score	  over	  the	  one	  year	  follow-‐up	  period	  is	  illustrated	  for	  active	  

and	   control	   groups	   in	   Figure	   6.2.	   There	  was	   no	   significant	   difference	   on	   repeated	  

measures	  analysis	  over	  time,	  (F(1,46)=1.77,	  p=0.190).	  

	  

When	  the	  per-‐protocol	  population	  was	  analysed	  the	  IBDQ	  score	  at	  four	  months	  was	  

significantly	   higher	   in	   the	   active	   trial	   group	   compared	   to	   controls	   (176	   v	   156,	  

(F(1,49)=4.547,	  p=0.038)	  reaching	  the	  pre-‐specified	  clinically	  significant	  difference	  of	  

20.	  However	   the	  difference	  became	  non-‐significant	  at	   the	  eight	  and	   twelve	  month	  

assessments.	  	  

	  

Table	  6.3	  Respective	  domains	  of	  the	  IBDQ	  at	  baseline	  and	  four	  months	  

	   Time	  =	  0	  months	  
	  

Time	  =	  4	  months	  

Total	  IBDQ:	  	  
Active	  (n=27)	  
Control	  (n=32)	  

	  
156	  (32)	  
156	  (20)	  

	  
167	  (30)	  
156	  (37)	  

	  
Bowel	  IBDQ:	  	  
Active	  (n=27)	  
Control	  (n=32)	  

	  
5.0	  (1.1)	  
5.3	  (0.7)	  

	  
5.4	  (1.1)	  
5.2	  (1.2)	  

	  
Emotional	  IBDQ:	  	  
Active	  (n=27)	  
Control	  (n=32)	  

	  
4.7	  (1.1)	  
4.5	  (0.8)	  

	  
5.0	  (1.0)	  
4.5	  (1.3)	  

	  
Systemic	  IBDQ:	  	  
Active	  (n=27)	  
Control	  (n=32)	  

	  
3.9	  (1.1)	  
4.1	  (1.2)	  

	  
4.3	  (1.0)	  
4.2	  (1.4)	  

	  
Social	  IBDQ:	  	  
Active	  (n=27)	  
Control	  (n=32)	  
	  

	  
6.0	  (1.3)	  
6.0	  (0.9)	  

	  

	  
6.2	  (0.9)	  
5.7	  (1.4)	  

	  
IBDQ	  =	  Inflammatory	  Bowel	  Disease	  Questionnaire	  
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Figure	  6.2	  Progression	  of	  IBDQ	  score	  over	  the	  one	  year	  follow-‐up	  period	  

	  

	  

Secondary	  Outcomes	  

Using	   clinical	   indices	   to	   define	   relapse	   the	   active	   intervention	   group	   appeared	   to	  

have	   a	   slightly	   lower	   rate	  of	   relapse	   at	   eight	   and	   twelve	  months	   compared	   to	   the	  

control	   group,	   although	   the	   difference	   was	   not	   statistically	   significant	   (Table	   6.4).	  

However	   when	   FC	   levels	   were	   used	   to	   determine	   flare-‐ups	   the	   rate	   of	   relapse	  

appeared	   to	   be	   similar	   in	   both	   groups.	   The	   kappa	   statistic,	   assessing	   level	   of	  

agreement	   between	   relapse	   measures,	   was	   0.13	   when	   comparing	   clinical	   activity	  

indices	  to	  FC,	  indicating	  only	  a	  slight	  level	  of	  agreement	  (155).	  Patients	  in	  the	  active	  

intervention	   arm	   also	   appeared	   to	   require	   less	   frequent	   escalations	   in	   IBD	  

medication	  during	  the	  follow-‐up	  period	  (25%	  v	  41%,	  p=0.210).	  	  
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Table	   6.4	   Cumulative	   rates	   of	   relapse	   and	  medication	   escalations	   over	   the	   1	   year	  
follow-‐up	  period.	  	  
	  
	   Active	  

	  
Control	  

	  
P-‐value	  

Cumulative	  relapse	  rate:	  
(Defined	  by	  CAI)	  
4	  months	  
8	  months	  
12	  months	  

	  
	  

27%	  (7)	  
27%	  (7)	  
35%	  (9)	  

	  
	  

28%	  (9)	  
39%	  (12)	  
48%	  (15)	  

	  
	  

0.919	  
0.347	  
0.294	  

	  
Cumulative	  relapse	  rate:	  
(Defined	  by	  FC)	  
4	  months	  
8	  months	  
12	  months	  

	  
	  

38%	  (6)	  
61%	  (14)	  
74%	  (17)	  

	  
	  

37%	  (10)	  
50%	  (14)	  
66%	  (18)	  

	  
	  

0.355	  
0.921	  
0.815	  

	  
Medication	  escalations	  
4	  months	  
8	  months	  
12	  months	  

	  
12%	  (3)	  
16%	  (4)	  
25%	  (6)	  

	  
19%	  (6)	  
29%	  (9)	  
41%	  (12)	  

	  
0.495	  
0.251	  
0.210	  

	  
	  

	  

	  

Levels	  of	  perceived	  stress	  reduced	  in	  both	  groups	  over	  the	  follow-‐up	  period,	  with	  a	  

marginally	  greater	  reduction	  observed	  in	  the	  active	  group	  (Table	  6.5).	  A	  comparison	  

of	   coping	   mechanisms	   at	   the	   end	   of	   follow-‐up	   showed	   significantly	   more	   advice	  

seeking	   behaviour	   in	   the	   treatment	   group	   (p=0.009)	   and	   also	   a	   trend	   towards	  

positive	   thinking,	   although	   the	   latter	  was	   non-‐significant	   (p=0.102).	   The	   trends	   for	  

using	   avoidance	   behaviour,	   wishful	   thinking	   and	   self	   blame	   were	   similar	   in	   both	  

groups.	  	  
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Table	   6.5	   Progression	   of	   hassles	   scores,	   perceived	   stress,	   and	   coping	  mechanisms	  
over	  the	  follow-‐up	  period	  
	  

	  
	  

Active	   Control	   P-‐value	  

Hassles	  Score	  
	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  

	  
	  

38	  (14)	  
35	  (15)	  
33	  (15)	  
36	  (14)	  

	  

	  
	  

42	  (18)	  
35	  (17)	  
37	  (20)	  
40	  (23)	  

	  

	  
	  

N/A	  
0.579	  
0.509	  
0.421	  

	  
Perceived	  Stress	  Questionnaire	  
	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  

	  
	  

0.43	  (0.14)	  
0.37	  (0.14)	  
0.35	  (0.10)	  
0.35	  (0.11)	  

	  

	  
	  

0.46	  (0.16)	  
0.43	  (0.17)	  
0.41	  (0.17)	  
0.41	  (0.17)	  

	  

	  
	  

N/A	  
0.343	  
0.380	  
0.164	  

	  
Coping	  Mechanisms	  
	  
Wishful	  Thinking	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  
Positive	  Thinking	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  
Avoidance	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  
Seek	  Advice	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  
	  
Self	  Blame	  
0	  months	  
4	  months	  	  
8	  months	  
12	  months	  

	  
	  
	  

1.31	  (0.72)	  
1.13	  (0.69)	  
0.95	  (0.74)	  
1.21	  (0.81)	  

	  
	  

1.47	  (0.43)	  
1.55	  (0.62)	  
1.56	  (0.62)	  
1.60	  (0.58)	  

	  
	  

1.09	  (0.53)	  
1.05	  (0.62)	  
0.78	  (0.52)	  
0.86	  (0.56)	  

	  
	  

1.32	  (0.64)	  
1.36	  (0.77)	  
1.44	  (0.71)	  
1.44	  (0.54)	  

	  
	  

1.19	  (0.58)	  
1.04	  (0.40)	  
0.79	  (0.46)	  
0.98	  (0.50)	  

	  
	  
	  

1.44	  (0.58)	  
1.35	  (0.82)	  
1.27	  (0.77)	  
1.24	  (0.77)	  

	  
	  

1.37	  (0.56)	  
1.36	  (0.65)	  
1.39	  (0.5)	  
1.30	  (0.52)	  

	  
	  

0.98	  (0.49)	  
1.01	  (0.61)	  
0.89	  (0.54)	  
0.96	  (0.67)	  

	  
	  

1.33	  (0.73)	  
1.23	  (0.93)	  
1.12	  (0.61)	  
1.05	  (0.65)	  

	  
	  

1.38	  (0.67)	  
1.08	  (0.80)	  
1.13	  (0.68)	  
1.18	  (0.82)	  

	  
	  
	  

N/A	  
0.392	  
0.364	  
0.914	  

	  
	  

N/A	  
0.689	  
0.685	  
0.102	  

	  
	  

N/A	  
0.909	  
0.216	  
0.242	  

	  
	  

N/A	  
0.658	  
0.078	  
	  	  0.009*	  

	  
	  

N/A	  
0.616	  
0.147	  
0.369	  

	  
*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
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Sub-‐Group	  Analysis	  

Of	   the	   59	   patients	   that	   provided	   a	   stool	   sample	   at	   baseline,	   30	   (51%)	   had	   faecal	  

calprotectin	  <90µg/g	   indicating	  that	  they	  were	   in	  biochemical	  remission	  (as	  well	  as	  

clinical	   remission)	  on	  entering	  the	  trial.	  When	  only	  those	  patients	  with	  FC	  <90µg/g	  

were	  analysed	  the	  mean	  IBDQ	  scores	  at	  four	  months	  remained	  similar	  to	  that	  of	  the	  

complete-‐case	   population	   analysis	   for	   both	   active	   and	   control	   groups	   (166	   v	   155,	  

p=0.770).	  	  	  

	  

A	   total	  of	  38	  patients	   from	  the	   ITT	  population	  had	   IBS-‐type	  symptoms	  at	  baseline.	  

ANCOVA	   was	   used	   to	   analyse	   IBDQ	   score	   at	   four	   months	   in	   this	   sub-‐group	   and	  

confirmed	   that	   it	   was	   significantly	   higher	   in	   the	   active	   group	   compared	   to	   the	  

controls	  (161	  v	  145,	  p=0.021),	  (Table	  6.6	  and	  Figure	  6.3).	  There	  was	  also	  a	  trend	  for	  

IBS-‐type	  symptoms	  to	  occur	  less	  frequently	  and	  with	  less	  severity	  in	  the	  active	  group	  

during	   the	   follow-‐up	   period,	   although	   these	   differences	   were	   not	   statistically	  

significant,	  (Figure	  6.4).	  When	  only	  those	  patients	  in	  this	  sub-‐group	  with	  FC	  <90µg/g	  

at	  baseline	  were	  analysed	  (n=20)	  the	  mean	  IBDQ	  score	  at	  four	  months	  was	  21	  points	  

greater	  in	  the	  active	  group	  compared	  to	  the	  controls	  (163	  v	  142,	  p=0.326).	  

	  

Forty-‐eight	  of	  the	  patients	  recruited	  had	  a	  PSQ	  >0.44.	  The	  IBDQ	  score	  at	  four	  months	  

was	   higher	   in	   those	   in	   the	   active	   group	   but	   the	   difference	   was	   not	   statistically	  

significant	  (164	  v	  153,	  p=0.095).	  At	  four	  months	  the	  PSQ	  score	  had	  reduced	  in	  both	  

groups	  but	  they	  did	  not	  differ	  significantly,	  p=0.417.	  	  
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Table	  6.6	  Sub-‐group	  analysis	  of	  patients	  with	  IBS-‐type	  symptoms	  at	  baseline.	  

	  
	  

Active	   Control	   P-‐value	  

%	  with	  persistent	  IBS-‐type	  symptoms	  
0	  months	  	  
4	  months	  
8	  months	  
12	  months	  

	  
100%	  (18)	  
69%	  (11)	  
62%	  (8)	  
85%	  (11)	  

	  
100%	  (19)	  
89%	  (16)	  
82%	  (14)	  
81%	  (13)	  

	  
N/A	  
0.214	  
0.242	  
1.000	  

IBS-‐SSS	  score	  
0	  months	  
4	  months	  
8	  months	  
12	  months	  

	  
237	  (101)	  
160	  (99)	  
166	  (103)	  
187	  (97)	  

	  
221	  (83)	  
206	  (108)	  
221	  (119)	  
224	  (111)	  

	  
N/A	  
0.219	  
0.213	  
0.234	  

IBDQ	  
0	  months	  
4	  months	  
8	  months	  
12	  months	  

	  
143	  (32)	  
161	  (35)	  
155	  (32)	  
150	  (41)	  

	  
149	  (99)	  
145	  (39)	  
147	  (38)	  
137	  (38)	  

	  
N/A	  

0.021*	  
0.304	  
0.059	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
IBS-‐SSS	  =	  Irritable	  Bowel	  Syndrome	  Symptom	  Severity	  Score;	  IBDQ	  =	  Inflammatory	  Bowel	  
Disease	  Questionnaire	  
	  
	  

Figure	   6.3	   Sub-‐group	   analysis	   for	   patients	   with	   IBS-‐type	   symptoms	   at	   baseline:	  
Progression	  of	  IBDQ	  score	  during	  the	  follow-‐up	  period	  
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Figure	   6.4	   Sub-‐group	   analysis	   for	   patients	   with	   IBS-‐type	   symptoms	   at	   baseline:	  
Severity	  of	  IBS	  symptoms	  in	  active	  and	  control	  groups	  during	  the	  follow-‐up	  period	  
	  

	  

	  

Linear	  regression	  was	  used	  to	  determine	  those	  characteristics	  of	  patients	  in	  the	  MCT	  

group	  that	  were	  associated	  with	  an	  improvement	  in	  IBDQ	  score	  at	  four	  months.	  The	  

factors	  analysed	  included	  age,	  gender,	  type	  of	  IBD,	  NART	  score,	  presence	  of	  IBS-‐type	  

symptoms,	  baseline	  PSQ	  score,	  baseline	  FC	  level,	  and	  MCT	  course	  compliance	  (Table	  

6.7).	  Presence	  of	  IBS-‐type	  symptoms	  (p=0.016)	  and	  baseline	  FC	  level	  (p=0.022)	  were	  

the	   only	   factors	   with	   a	   significant	   association.	   However	   when	   stepwise	   linear	  

regression	  was	  used	  in	  the	  analysis	  the	  only	  significant	  association	  was	  found	  to	  be	  

presence	  of	  IBS-‐type	  symptoms,	  (p=0.038).	  
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Table	  6.7	  Linear	  regression	  of	  patient	  factors	  associated	  with	  a	  significant	  change	  in	  
IBDQ	  at	  four	  months	  
	  
	   B	   Standard	  Error	   p-‐value	  

	  
(Constant)	   -‐53.77	   23.19	   0.034	  

	  
Age	   0.43	   0.32	   0.198	  

	  
Gender	   9.36	   8.18	   0.269	  

	  
Type	  of	  IBD	   11.89	   7.32	   0.124	  

	  
NART	  score	   -‐0.14	   0.34	   0.689	  

	  
IBS-‐type	  symptoms	  
	  

17.88	   6.61	   	  	  0.016*	  

Baseline	  PSQ	  score	   29.69	   20.94	   0.175	  
	  

Baseline	  FC	  level	   0.027	   0.011	   	  	  0.022*	  
	  

MCT	  compliance	   12.32	   6.67	   0.083	  
	  

*	  Indicates	  statistically	  significant	  difference	  with	  p<0.05	  
NART	  =	  National	  Adult	  Reading	  Test;	  PSQ	  =	  Perceived	  Stress	  Questionnaire;	  FC	  =	  Faecal	  
Calprotectin;	  MCT	  =	  Multi-‐Convergent	  Therapy	  
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6.4	  Discussion	  

This	   study	   assessed	   the	   feasibility	   of	   using	   a	   predominantly	   mindfulness-‐based	  

therapy	  in	  an	  IBD	  population,	  and	  examined	  sub-‐groups	  of	  patients	  to	  identify	  those	  

that	  may	  gain	   the	  most	  benefit.	  Whilst	   the	   increase	   in	   IBDQ	  score	  observed	   in	   the	  

active	   arm	   of	   the	   ITT	   population	   was	   not	   statistically	   significant,	   the	   sub-‐group	  

analysis	  identified	  that	  there	  was	  a	  significant	  improvement	  in	  quality	  of	  life	  in	  those	  

IBD	  patients	  who	  were	  experiencing	  IBS-‐type	  symptoms.	  The	  improvement	  appeared	  

to	  be	  due	  to	  a	  decline	  in	  the	  severity	  of	  symptoms.	  This	  study	  suggests	  that	  IBS-‐type	  

symptoms	  in	  IBD	  patients	  represent	  a	  potential	  therapeutic	  target	  to	  improve	  quality	  

of	   life.	   Further	   studies	   are	   required	   to	   confirm	   the	   efficacy	   of	   mindfulness-‐based	  

therapy	  in	  treating	  these	  symptoms,	  and	  also	  to	  examine	  the	  use	  of	  alternative	  IBS	  

therapies	  in	  this	  setting.	  

	  

Analysis	   of	   mean	   IBDQ	   score	   at	   four	   months	   in	   the	   complete	   case	   population	  

demonstrated	  an	  11-‐point	  improvement	  in	  the	  active	  arm	  compared	  to	  no	  change	  in	  

the	  controls.	  This	  difference	  was	  not	  statistically	  significant,	  and	  was	  below	  the	  pre-‐

defined	   20-‐point	   standard	   that	   represented	   a	   clinically	   relevant	   improvement	   in	  

quality	  of	   life.	  However	  when	   the	  per-‐protocol	  population	  was	  analysed,	   the	   IBDQ	  

score	   was	   significantly	   greater	   in	   the	   active	   group	   with	   a	   mean	   difference	   of	   20	  

points,	  suggesting	  that	  patients	  completing	  the	  course	  did	  initially	  gain	  a	  substantial	  

benefit.	   Subsequently,	   at	   the	   eight	   and	   twelve	  month	   assessments	   the	   difference	  

between	   groups	   became	   non-‐significant	   indicating	   that	   the	   effects	   of	   intervention	  

may	   decline	   over	   time.	   However	   it	   is	   feasible	   that	   this	   decline	   in	   efficacy	  may	   be	  
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averted	  with	   the	  use	  of	  extra	   ‘booster	   sessions’	  which	  are	   commonly	  employed	   in	  

psychological	  interventions.	  

	  

The	  high	  drop-‐out	  rate	  suggests	  that	  the	   intervention	  may	  not	  be	  acceptable	  to	  all	  

patients.	   Eight	   patients	   randomised	   to	   the	   active	   group	   did	   not	   attend	   a	   single	  

appointment	  and	  six	  withdrew	  during	  the	  course.	  Five	  of	  the	  patients	  that	  failed	  to	  

attend	   any	   appointment	   did	   not	   respond	   to	   a	   number	   of	   attempts	   at	  

communication.	  It	   is	  possible	  that	  these	  individuals	  lacked	  motivation	  for	  attending	  

the	  course	  and	  perhaps	  outside	  of	  the	  trial	  setting	  may	  have	  declined	  participation.	  	  

Several	  participants	  had	  genuine	  medical	  reasons	  for	  non-‐attendance	  or	  withdrawal	  

including	   illness	   and	   pregnancy	   (an	   exclusion	   criteria).	   Four	   patients	   reported	   that	  

they	   were	   unable	   to	   attend	   due	   to	   time	   constraints	   related	   to	   work	   or	   family	  

commitments.	  Detailed	  communication	  prior	   to	   starting	   therapy	   is	   clearly	   required	  

to	   optimise	   attendance	   and	   efficacy.	   The	   MCT	   course	   will	   not	   be	   suitable	   for	  

everyone	   and	   there	   is	   no	   problem	   in	   patients	  withdrawing	   if	   they	   are	   not	   gaining	  

benefit.	  	  

	  

IBS-‐type	  symptoms	  are	  common	  in	  IBD	  patients	  who	  appear	  to	  be	  in	  remission	  and	  

are	  associated	  with	  a	  reduced	  quality	  of	  life.	  Yet	  so	  far	  they	  have	  been	  the	  target	  of	  

very	   few	   therapeutic	   trials.	   In	   this	   study	   the	   presence	   of	   IBS-‐type	   symptoms	   at	  

baseline	   was	   associated	   with	   an	   improvement	   in	   IBDQ	   score	   following	   the	   MCT	  

course.	   In	   the	   active	   group	   the	   percentage	   of	   patients	   with	   IBS-‐type	   symptoms	  

initially	  decreased	  but	  at	  the	  end	  of	  follow-‐up	  the	  number	  was	  similar	  to	  that	  in	  the	  

control	   group.	   However	   the	   main	   impact	   seemed	   to	   be	   on	   the	   severity	   of	   IBS	  
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symptoms,	   which	   remained	   lower	   in	   the	   active	   group	   throughout	   the	   study.	   It	   is	  

proposed	   that	  MCT	  may	   reduce	   the	   severity	  of	   IBS-‐type	   symptoms	   in	   IBD	  patients	  

and	  in	  this	  way	  improve	  their	  quality	  of	  life.	  	  

	  

This	  improvement	  in	  functional	  abdominal	  symptoms	  may	  explain	  the	  discrepancy	  in	  

results	  for	  relapse	  rates.	  The	  trend	  for	  lower	  relapse	  rates	  in	  the	  active	  group	  based	  

on	   clinical	   indices	   was	   not	   apparent	   when	   faecal	   calprotectin	   was	   used	   to	   define	  

relapse.	   A	   recent	   study	   has	   demonstrated	   that	   functional	   symptoms	   can	   mimic	  

active	   inflammation	  when	   clinical	   indices	   alone	   are	   used	   to	   assess	   disease	   activity	  

(53),	   and	   so	   it	   is	   possible	   that	   the	  more	   severe	   IBS-‐type	   symptoms	   in	   the	   control	  

group	  may	  account	   for	   the	  higher	   relapse	   rates	  observed	  based	  on	  clinical	   indices.	  

The	  FC	  levels	  represent	  objective	  markers	  of	  intestinal	  inflammation	  and	  it	  does	  not	  

appear	   that	   the	  MCT	  course	  had	  any	  effect	  on	   this.	   Interestingly,	   there	  was	  also	  a	  

trend	   for	   fewer	   medication	   escalations	   in	   the	   active	   group.	   Therapeutic	   clinical	  

decisions	  are	  frequently	  guided	  by	  patients’	  symptoms	  and	  so	  a	  further	  consequence	  

of	  a	  reduction	  in	  functional	  symptoms	  may	  be	  to	  lower	  use	  of	  medication.	  	  

	  

Faecal	  calprotectin	  levels	  were	  not	  used	  in	  the	  inclusion	  criteria	  to	  define	  remission	  

as	   specimens	  were	  analysed	   in	  batches	  with	   results	  unavailable	   for	  up	   to	  a	  month	  

following	   collection.	   Remission	   was	   defined	   using	   clinical	   indices	   together	   with	   a	  

normal	  CRP	   level,	  however	  50%	  of	   the	  patients	  had	  FC	  >90µg/g	   indicating	  ongoing	  

inflammation.	   The	  proportion	  of	  patients	  with	   raised	  FC	  was	   similar	   in	  both	  active	  

and	   control	   groups.	   As	   demonstrated	   in	   Chapter	   3,	   sub-‐clinical	   inflammation	  may	  

play	  a	  role	  in	  causing	  IBS-‐type	  symptoms	  in	  patients	  with	  IBD,	  and	  for	  this	  reason	  a	  
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separate	   sub-‐group	  analysis	  was	  performed	   including	  only	   those	  patients	  with	   IBS-‐

type	  symptoms	  and	  FC	  <90µg/g.	  The	  active	  group	  had	  a	  21-‐point	  greater	  IBDQ	  score	  

compared	   to	   the	   controls	   at	   four	   months,	   and	   although	   the	   difference	   was	   not	  

statistically	  significant	  this	  may	  reflect	  the	  smaller	  number	  of	  participants	  involved	  in	  

the	  analysis.	  In	  clinical	  practice,	  FC	  analysis	  should	  help	  to	  determine	  those	  patients	  

with	   active	   inflammation	   who	   are	   likely	   to	   benefit	   from	   an	   escalation	   in	   medical	  

therapy	  before	  considering	  management	  of	  potential	  functional	  symptoms.	  

	  

Three	   aspects	   of	   stress	   and	   its	   management	   were	   assessed	   during	   the	   follow-‐up	  

period,	   but	   the	   study	   was	   not	   directly	   powered	   to	   detect	   statistically	   significant	  

differences	  in	  these	  secondary	  outcomes	  and	  so	  only	  trends	  could	  be	  observed.	  Both	  

groups	   reported	   similar	   amounts	  of	  daily	  hassles	   throughout	   the	   follow-‐up	  period.	  

Levels	  of	  perceived	  stress	  appeared	  to	  reduce	   in	  both	  groups	  but	  a	  slightly	  greater	  

reduction	   was	   observed	   in	   the	   active	   group.	   However	   MCT’s	   principal	   effect	  

appeared	   to	   be	   on	   coping	  mechanisms	   for	   which	   a	   trend	   towards	   greater	   use	   of	  

positive	  thinking	  and	  advice	  seeking	  behaviour	  was	  observed.	  These	  changes	  would	  

generally	  be	  regarded	  to	  represent	  a	  healthier	  style	  of	  coping,	  leading	  to	  a	  reduction	  

in	  perceived	  stress	  in	  the	  longer-‐term.	  

	  

This	   trial	   has	   several	   limitations	   that	  need	   to	  be	   considered	  when	   interpreting	   the	  

results.	  Participants	  were	  not	  blinded	  as	  to	  their	  allocation	  following	  randomisation	  

and	  there	  was	  no	  placebo	  therapy	  used	  in	  the	  control	  group.	  As	  a	  result,	  the	  placebo	  

effects	   of	   an	   expectation	   to	   improve	   and	   contact	   attention	   are	   unable	   to	   be	  

determined.	   This	   is	   particularly	   relevant	   in	   the	   setting	   of	   IBS	   in	   which	   the	   mean	  
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placebo	   response	   is	   reported	   to	   be	   47%	   with	   a	   range	   from	   0	   to	   84%	   (228,	   229).	  

Studies	  of	   similar	  psychological	   interventions	  have	  used	  support	  groups	  and	  online	  

forums	  for	  the	  control	  groups	  in	  an	  attempt	  to	  account	  for	  these	  factors	  (131,	  230).	  

Although	   a	   placebo	   group	   would	   be	   necessary	   to	   assess	   the	   specific	   impact	   of	  

mindfulness	  as	  a	  therapy,	  the	  current	  study	  format	  does	  provide	  information	  on	  the	  

efficacy	  of	  using	  an	  intervention	  in	  this	  clinical	  setting.	  

	  

Patients	   with	   IBS-‐type	   symptoms	   were	   recruited	   on	   the	   basis	   that	   they	   met	   the	  

Rome	   III	   criteria	   for	   IBS,	   regardless	   of	   the	   severity	   of	   their	   symptoms.	   Similarly,	  

patients	  were	  recruited	  irrespective	  of	  their	  baseline	  IBDQ	  score.	  Consequently	  there	  

may	   have	   been	   patients	   with	   very	   mild	   IBS-‐type	   symptoms	   or	   with	   a	   very	   good	  

quality	   of	   life	   at	   baseline	   included	   in	   the	   study.	   These	   patients	   are	   less	   likely	   to	  

benefit	   from	   treatment	   compared	   to	   those	   with	   severe	   symptoms	   that	   are	  

substantially	   impacting	   quality	   of	   life,	   and	   their	   inclusion	   in	   the	   study	   may	   have	  

reduced	  its	  efficacy.	  In	  routine	  clinical	  practice	  patients	  with	  mild	  symptoms	  or	  good	  

quality	  of	  life	  are	  unlikely	  to	  seek	  psychological	  intervention.	  	  

	  

It	   is	   feasible	   that	  patients	   in	   remission	  who	  had	   severe	   functional	   symptoms	  were	  

clinically	  assessed	  to	  have	  active	  disease	  and	  therefore	  excluded	  from	  the	  study.	  The	  

use	  of	  clinical	  activity	  indices	  in	  the	  inclusion	  criteria	  rather	  than	  faecal	  calprotectin,	  

may	  have	  prevented	  the	  participation	  of	  those	  patients	  that	  would	  have	  gained	  the	  

most	  benefit.	  	  
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The	   intervention	   arm	   experienced	   a	   high	   drop-‐out	   rate,	   with	   24%	   of	   those	  

randomised	  into	  the	  MCT	  course	  failing	  to	  attend	  even	  a	  single	  appointment,	  and	  in	  

the	  majority	  of	  cases	  they	  were	  also	  lost	  to	  follow-‐up.	  An	  extra	  10%	  of	  patients	  were	  

recruited	   in	   view	   of	   potential	   drop-‐outs,	   however	   this	   under-‐estimated	   the	   actual	  

numbers,	  and	  as	  a	   result	   the	  power	  of	   the	  study	  has	  been	  reduced.	  High	  drop-‐out	  

rates	   are	   a	   recognised	   phenomenon	   in	   trials	   of	   psychological	   intervention,	   and	  

recent	  trials	  of	  mindfulness-‐based	  therapy	  for	   IBS	  have	  experienced	  drop-‐out	  rates	  

of	   23-‐26%	   (131,	   230,	   231).	   Patients	   subjective	   need	   for	   psychological	   support	   is	  

increased	  in	   IBD	  compared	  to	  other	  chronic	   inflammatory	  diseases,	  possibly	  due	  to	  

the	   greater	   social	   restrictions	   associated	  with	   the	   disorder	   (232).	   However	   careful	  

patient	   selection	   remains	   essential	   as	   a	   patient’s	   motivation	   to	   participate	   in	  

psychological	  therapy	  is	  a	  key	  factor	  in	  determining	  its	  success	  (233).	  	  

	  

The	  generalisation	  of	  the	  results	  of	  this	  study	  is	  also	  limited	  by	  the	  fact	  that	  a	  single	  

therapist	  administered	  the	  MCT	  course.	  In	  this	  type	  of	  intervention	  the	  relationship	  

between	   the	  patient	   and	   therapist	   is	   vital	   in	  determining	  outcome,	   and	   so	   further	  

studies	  with	  multiple	  therapists	  and	  recruiting	  across	  several	  sites	  would	  be	  required	  

to	  evaluate	  the	  effects	  of	  MCT	  more	  thoroughly.	  	  	  

	  

In	  the	  general	  population	  psychological	  therapy	  is	  only	  used	  for	  the	  management	  of	  

IBS	  in	  a	  minority	  of	  cases,	  typically	  after	  other	  forms	  of	  intervention	  such	  as	  dietary	  

modification,	   antidepressant	   medication,	   and	   serotonin	   receptor	   agonists	   have	  

failed	  to	  provide	  adequate	  symptom	  relief.	  Further	  trials	  are	  needed	  to	  examine	  the	  

role	  of	  these	  treatments	  in	  managing	  IBS-‐type	  symptoms	  in	  patients	  with	  IBD.	  A	  pilot	  
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study	  of	  dietary	  modification	   in	  which	  patients	   reduced	   their	   intake	  of	   short-‐chain	  

carbohydrates	  has	  already	  demonstrated	  an	   improvement	   in	  abdominal	   symptoms	  

in	  this	  setting	  (159).	  	  

	  

IBS-‐type	  symptoms	  in	  inflammatory	  bowel	  disease	  can	  have	  a	  variety	  of	  causes.	  Sub-‐

clinical	  inflammation,	  bile	  salt	  malabsorption,	  and	  small	  bowel	  bacterial	  overgrowth	  

need	  to	  be	  identified	  and	  managed	  appropriately.	  By	  excluding	  these	  pathologies	  the	  

efficacy	  of	  interventions	  directed	  towards	  improving	  ‘true	  IBS	  symptoms’	  should	  be	  

improved.	   This	   study	   suggests	   that	   IBD	   patients	   with	   IBS-‐type	   symptoms	   may	  

represent	   a	   sub-‐group	   that	   will	   benefit	   from	   psychotherapeutic	   intervention,	  

however	  a	  multi-‐centre	  trial	  with	  adequate	  provision	  of	  placebo	  in	  the	  control	  arm	  is	  

needed	  to	  confirm	  this.	  
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7.1	  Overall	  Conclusions	  

A	   substantial	   proportion	   of	   patients	   with	   inflammatory	   bowel	   disease	   experience	  

symptoms	  that	  are	  compatible	  with	  a	  diagnosis	  of	   irritable	  bowel	  syndrome.	  These	  

occur	   even	   when	   the	   inflammatory	   bowel	   disease	   appears	   clinically	   to	   be	   in	  

remission.	  Both	  IBS	  and	  IBD	  are	  chronic	  disorders	  that	  frequently	  follow	  a	  relapsing	  

remitting	   course	   and	   both	   conditions	   overlap	   in	   their	   symptom	   profiles.	  

Consequently	   their	   concurrent	   presence	   represents	   a	   diagnostic	   challenge	   and	  

places	   the	   individual	   at	   a	   clinical	   disadvantage.	   Patients	   are	   at	   risk	   of	   additional	  

invasive	   investigations	   or	   empirical	   immunosuppressive	   therapy,	   whilst	   their	  

functional	   symptoms	   may	   be	   neglected.	   The	   work	   described	   in	   this	   thesis	   has	  

focused	  on	  determining	  the	  nature	  of	  these	  IBS-‐type	  symptoms,	  examining	  potential	  

biomarkers	   for	   IBS,	   and	   conducting	   a	   therapeutic	   trial.	   These	   are	   important	   issues	  

that	   have	   received	   little	   attention	   thus	   far,	   despite	   IBD	   patients	   with	   IBS-‐type	  

symptoms	   reporting	   lower	   quality	   of	   life	   scores	   compared	   to	   their	   asymptomatic	  

counterparts.	  	  

	  

Previously,	  it	  has	  been	  suggested	  that	  IBS-‐type	  symptoms	  in	  patients	  with	  IBD	  should	  

be	  regarded	  as	  a	  marker	  of	  sub-‐clinical	  inflammation	  (132).	  Although	  it	  is	  important	  

to	  consider	  this	  as	  one	  of	  several	  potentially	  reversible	  causes,	  the	  results	  from	  the	  

initial	   study	   described	   in	   Chapter	   3,	   demonstrated	   that	   IBS-‐type	   symptoms	  

frequently	   occur	   in	   patients	   confirmed	   to	   be	   in	   remission	   based	   on	   their	   clinical	  

symptoms	   and	   a	   normal	   faecal	   calprotectin	   level.	   Subsequent	   reports	   have	   also	  

shared	  this	  observation	  that	  FC	  levels	  are	  similar	  in	  IBD	  patients	  with	  or	  without	  IBS-‐

type	  symptoms	  (234,	  235).	  	  



	   155	  

It	   was	   identified	   that	   IBD	   patients	   with	   IBS-‐type	   symptoms	   exhibit	   similar	  

characteristics	   to	   IBS	   patients	   in	   the	   general	   population,	   with	   a	   significant	  

association	  with	  female	  gender	  and	  higher	  anxiety	  levels.	  However	  the	  prevalence	  of	  

IBS-‐type	  symptoms	  in	  patients	  with	  a	  normal	  FC	  level	  was	  31%,	  which	  is	  higher	  than	  

that	  observed	  in	  the	  general	  population.	  There	  are	  several	  possible	  explanations	  for	  

this.	   Firstly,	   this	   study	   was	   limited	   by	   not	   measuring	   the	   occurrence	   of	   bile	   acid	  

malabsorption	  and	  small	  bowel	  bacterial	  overgrowth,	  both	  of	  which	  commonly	  occur	  

in	  Crohn’s	  disease.	  These	  conditions	  may	  cause	  symptoms	  similar	  to	   IBS,	  and	  yet	   if	  

they	  were	   responsible	   for	   a	   substantial	   number	   of	   cases	   then	   IBS-‐type	   symptoms	  

would	  be	  expected	  to	  occur	  more	  frequently	  in	  CD	  compared	  to	  UC,	  which	  was	  not	  

the	  case	  in	  the	  cohort	  of	  patients	  examined.	  	  

	  

	  A	   second	   possibility	   is	   that	   IBS	   is	  more	   common	   in	   IBD	   patients	   compared	   to	   the	  

general	   population.	   It	   has	   since	   been	   hypothesised	   that	   visceral	   hypersensitivity	  

occurs	   in	   IBD	   patients	   due	   to	   the	   upregulation	   of	   nociceptive	   receptors	   that	   are	  

induced	   by	   the	   acute	   inflammatory	   phase	   and	   persist	   during	   remission	   (235).	  

Mucosal	   neurobiological	   changes	   have	   been	   demonstrated	   in	   IBD	   patients	   who	  

experience	  IBS-‐type	  symptoms,	  with	  a	  higher	  number	  of	  TRPV1	  nerve	  fibres	  present	  

in	  rectosigmoid	  mucosa	  (136,	  236).	  

	  

The	   limitations	   of	   using	   symptom-‐based	   indices	   alone	   to	   assess	   IBD	   activity	   was	  

highlighted	   in	   this	   research.	   The	   correlation	   between	   clinical	   activity	   indices	   and	  

faecal	   calprotectin	   levels	   in	   defining	   remission	   was	   relatively	   weak,	   although	   this	  

appeared	  to	  be	  the	  case	   irrespective	  of	  whether	   IBS-‐type	  symptoms	  were	  present.	  
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However	  the	  potential	   for	   functional	  symptoms	  to	   influence	  clinical	  activity	   indices	  

has	  been	  demonstrated	  recently	  in	  a	  study	  in	  which	  patients	  with	  IBS	  were	  asked	  to	  

complete	   the	   Crohn’s	   disease	   activity	   index,	   and	   their	   scores	   were	   significantly	  

raised	   suggestive	   of	   active	   inflammation	   (53).	   These	   findings	   highlight	   the	  

importance	   of	   using	   objective	   markers	   of	   gut	   inflammation	   such	   as	   faecal	  

calprotectin.	  

	  

Direct	   visualisation	  of	   the	   intestinal	  mucosa	   via	  endoscopy	   is	   regarded	  as	   the	  gold	  

standard	   for	   assessing	   disease	   activity	   in	   IBD,	   but	   this	   is	   invasive,	   time-‐consuming	  

and	   expensive.	   Faecal	   calprotectin	   levels	   have	   been	   shown	   to	   correlate	   with	  

endoscopic	   disease	   activity	   scores	   in	   IBD,	   particularly	   in	   colonic	   disease,	   and	   are	  

generally	   accepted	   as	   a	   surrogate	   marker	   of	   mucosal	   inflammation	   (152,	   154).	  

Studies	  have	  attempted	  to	  determine	  the	  ‘cut-‐off’	  value	  that	  indicates	  the	  presence	  

of	  significant	   inflammation	  but	  there	   is	  debate	  as	  to	  the	  optimum	  level.	  A	  value	  of	  

250µg/g	   has	   been	   proposed	   as	   having	   optimal	   sensitivity	   and	   specificity	   for	  

predicting	   the	  presence	  of	  mucosal	   inflammation	   in	  UC	  and	   the	  presence	  of	  more	  

severe	  lesions	   in	  CD	  (154).	   In	  the	  research	  reported	  in	  this	  thesis,	  a	  much	  lower	  FC	  

level	  of	  <90µg/g	  was	  used	  to	  define	  remission.	  This	  was	  because	   it	  was	  considered	  

important	  to	  confidently	  exclude	  active	  inflammation	  when	  evaluating	  the	  potential	  

presence	  of	  functional	  symptoms	  in	  patients	  with	  IBD.	  	  This	  value	  was	  based	  on	  the	  

laboratory	   reference	   range	   recommended	   to	   screen	   patients	   with	   functional	  

abdominal	   symptoms	   to	  exclude	   intestinal	   inflammation.	  However,	   as	   a	   result	   it	   is	  

possible	   that	   some	   IBD	   patients	  who	  were	   in	   remission	  may	   have	   been	   judged	   to	  

have	  active	  disease	  based	  on	  a	  FC	  level	  that	  was	  slightly	  higher	  than	  90µg/g.	  
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This	   research	   found	   no	   evidence	   to	   support	   the	   hypothesis	   that	   toxic	  metabolites	  

produced	  by	  the	  bacterial	  fermentation	  of	  dietary	  carbohydrates	  in	  the	  colon	  have	  a	  

role	   in	   causing	   IBS	   symptoms.	   Although	   there	  were	   several	   potential	   confounding	  

factors	   that	   limit	   the	   interpretation	   of	   these	   results,	   the	   recent	   reports	   that	  

malabsorption	  is	  not	  present	  in	  many	  people	  with	  carbohydrate	  intolerance	  implies	  

that	   the	   initial	   hypothesis	   seems	   unlikely.	   It	   is	   recognised	   that	   in	   all	   humans	   a	  

proportion	   of	   dietary	   carbohydrate	   will	   not	   be	   absorbed	   and	   will	   proceed	   to	   the	  

colon	  where	  bacterial	   fermentation	  will	   occur.	   Fluid	  will	   be	  drawn	   into	   the	   lumen,	  

gas	   will	   be	   produced,	   and	   the	   lumen	   will	   become	   distended.	   It	   seems	   likely	   that	  

visceral	   hypersensitivity	   to	   this	   luminal	   distension	   is	   integral	   to	   determining	   the	  

severity	  of	  symptoms.	  	  

	  

A	   variety	   of	   non-‐colonic	   symptoms	   were	   subjectively	   reported	   to	   occur	   more	  

frequently	   in	   IBS	  patients	  and	   IBD	  patients	   compared	   to	  healthy	  volunteers.	  These	  

symptoms	  included	  cognitive	  impairment,	  and	  yet	  no	  substantial	  deficit	  in	  cognition	  

was	  detected	  on	  direct	  testing.	  Potentially	  this	  may	  add	  support	  to	  the	  theory	  that	  

non-‐colonic	   symptoms	   are	   related	   to	   somatisation,	   especially	   considering	   that	   in	  

many	  instances	  their	  presence	  was	  associated	  with	  high	  anxiety	  levels.	  	  	  However	  it	  

is	  acknowledged	  that	  there	  were	  several	   limitations	  to	  the	  cognitive	  function	  study	  

and	  that	  further	  research	  is	  required	  to	  confirm	  this	  hypothesis.	  

	  

Many	  patients	  with	  IBD	  experience	  substantial	  morbidity	  during	  the	  course	  of	  their	  

illness.	   Chronic	   active	   disease,	   fistula	   formation,	   intestinal	   strictures	   and	  

malnutrition	   are	   all	   serious	   complications	   that	   may	   be	   encountered.	   As	   a	   result,	  



	   158	  

there	   is	   potential	   for	   IBS-‐type	   symptoms	   in	   these	   patients	   to	   appear	   trivial	   in	  

comparison.	  Nevertheless,	  patients	  with	  IBS-‐type	  symptoms	  do	  report	  lower	  quality	  

of	   life	  scores	  compared	  to	  their	  asymptomatic	  counterparts,	  and	  the	  results	  of	   the	  

trial	  described	   in	  Chapter	  6	  suggest	   that	   they	  may	  be	  a	  sub-‐group	  that	  will	  benefit	  

from	  additional	  therapeutic	  intervention.	  	  

	  

In	  recent	  years,	  the	  improved	  outcomes	  that	  result	  from	  achieving	  mucosal	  healing	  

in	   patients	   with	   inflammatory	   bowel	   disease	   have	   been	   recognised	   (237-‐239).	  

Consequently,	  clinicians	  have	  been	  encouraged	  to	  strive	  towards	  this	  goal.	  However	  

the	  work	  described	  in	  this	  thesis	  suggests	  that	  even	  after	  mucosal	  healing	  has	  been	  

achieved,	  there	  may	  still	  be	  scope	  for	  improvement.	  Some	  patients	  will	  continue	  to	  

experience	   distressing	   abdominal	   symptoms	   despite	   being	   in	   remission,	   and	   it	   is	  

important	  that	  clinicians	  are	  aware	  of	  the	  impact	  these	  symptoms	  can	  have	  and	  the	  

therapeutic	  options	  that	  are	  available.	  	  

	  

	  

7.2	  Future	  Prospects	  

There	   is	   increasing	   recognition	   that	   the	   reliance	   on	   symptom-‐based	   criteria	   to	  

diagnose	  patients	  with	  irritable	  bowel	  syndrome,	  and	  subsequently	  sub-‐classify	  and	  

direct	   their	   management	   is	   inadequate	   (240).	   The	   heterogeneity	   of	   patients	  

diagnosed	   with	   IBS	   indicates	   that	   there	   are	   almost	   certainly	   several	   sub-‐groups	  

within	   this	   population,	   each	  with	   a	  different	  pathophysiology.	  As	   a	   result	   it	   seems	  

unlikely	   that	   one	   biomarker	  will	   be	   applicable	   for	   all	   IBS	   patients,	   and	   rather	   that	  

multiple	  biomarkers	  will	  be	  required.	  Management	  strategies	  are	  similarly	  limited	  by	  
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the	   lack	   of	   specific	   pathophysiologies	   to	   target.	   Therapeutic	   trials	   performed	   on	  

groups	   of	   patients	   that	   simply	   share	   a	   similar	   symptom	   predictably	   only	   produce	  

modest	   results.	   The	  molecular	  mechanisms	  of	   these	   respective	   conditions	  need	   to	  

be	  fully	  understood	  before	  significant	  progress	  can	  be	  achieved.	  

	  

Pending	   the	   development	   of	   reliable	   biomarkers,	   those	   IBD	   patients	  with	   IBS-‐type	  

symptoms	  will	  continue	  to	  require	  a	  systematic	  diagnostic	  approach.	  The	  exclusion	  

of	   sub-‐clinical	   inflammation	  and	   secondary	   complications	  of	   IBD	   remains	  essential.	  

Therapeutic	  options	  should	  be	  offered	  to	  those	  patients	  in	  whom	  IBS-‐type	  symptoms	  

are	  causing	  substantial	  morbidity.	  	  

	  

The	  trial	  described	  in	  this	  thesis	  suggests	  that	  psychological	   intervention	  may	  be	  of	  

benefit	  in	  this	  setting,	  however	  it	  is	  not	  typically	  a	  first-‐line	  treatment	  for	  IBS	  and	  is	  

often	  reserved	  for	  more	  severe	  cases	  that	  have	  proved	  resistant	  to	  other	  therapies.	  

Therefore	   future	   therapeutic	   studies	  aimed	  at	  managing	   IBS-‐type	  symptoms	   in	   IBD	  

patients	   should	   examine	   alternative	   strategies	   including	   medications	   and	   dietary	  

modification	   that	   have	   proven	   effective	   in	   the	   treatment	   of	   irritable	   bowel	  

syndrome.	  
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Appendix	  1:	  Demographics	  Questionnaire	  
	  
Participant	  ID	  Number:	  	  
	  
Marital	  Status:	   	   	   Ethnic	  Origin:	   	   	   	   Age:	   	  
	   	   	   	   	   	   	  
Employment:	   	   Nil	   	   	   Part-‐time	   	   Full-‐time	  
	  
Smoking	  Status:	  	   Never	   	   	   Previous	   	   Current	  
	  
Alcohol	  Intake:	   	   None	   	   	   ≤	  28	  Units	   	   >	  28Units	  
	  
Education	  Level:	   No	  Qualific.	   GCSE	   	   A-‐Level	  	   University	   	  
	  
	  
Medications:	  
	  
	  
Medical	  History:	  
	  
	  
For	  IBD	  Patients:	  
	  
Diagnosis:	  	   	   Ulcerative	  Colitis	   Crohn's	  Disease	  
	  
Age	  at	  Diagnosis:	   	   	   	   	   	  
	  
Disease	  Duration	  (Years):	  
	  
Extra-‐Intestinal	  Manifestations:	   	   Yes	   	   No	  
	  
Duration	  of	  Remission	  (Months):	  
	  
Number	  of	  Flare-‐ups	  in	  the	  last	  year:	  
(requiring	  a	  change	  in	  medication)	  
	  
Previous	  Resection:	   Yes	   	   No	  
	  
Operation	  Details:	  
	  
Disease	  Behaviour	  (C.D.):	   Inflammatory	   	   Fistulising	   	   Stricturing	  
	  
Disease	  Site	  (C.D.):	   	   Colonic	  	   	   Ileo-‐colonic	   	   Ileal	  
	  
Disease	  Site	  (U.C.):	   	   Proctitis	   	   Left-‐Sided	   	   Pan-‐colitis	  
	  
Medication:	   None	   	   5-‐ASA	   	   Steroids	   Aza	  /	  Meth	   Anti-‐TNF	  
	  
Medication	  Changes	  in	  the	  last	  3	  months:	   Yes	   	   No	  
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Appendix	  2:	  Rome	  III	  Criteria	  for	  Irritable	  Bowel	  Syndrome	  
	  
	  
1.	   In	   the	   last	   3	   months,	   how	   often	   did	   you	   have	   discomfort	   or	   pain	   anywhere	   in	   your	  
abdomen?	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  Never	   	   	   (If	  never	  do	  not	  answer	  the	  next	  questions)	  

1	  Less	  than	  one	  day	  a	  month	  
2	  One	  day	  a	  month	  
3	  Two	  to	  three	  days	  a	  month	  
4	  One	  day	  a	  week	  
5	  More	  than	  one	  day	  a	  week	  
6	  Every	  day	  

	  
	  
2.	  For	  women:	  Did	  this	  discomfort	  or	  pain	  occur	  only	  during	  your	  menstrual	  bleeding	  and	  not	  
at	  other	  times?	  	  

0	  No	  
1	  Yes	  
2	  Does	  not	  apply	  because	  I	  have	  had	  the	  change	  in	  life	  (menopause)	  or	  I	  	  	  	  
	  	  	  am	  a	  male	  

	  
	  
3.	  Have	  you	  had	  this	  discomfort	  or	  pain	  6	  months	  or	  longer?	  

0	  No	  
1	  Yes	  

	  
	  
4.	   How	   often	   did	   this	   discomfort	   or	   pain	   get	   better	   or	   stop	   after	   you	   had	   a	   bowel	  
movement?	  

0	  Never	  or	  rarely	  
1	  Sometimes	  
2	  Often	  
3	  Most	  of	  the	  time	  
4	  Always	  

	  
	  
5.	  When	  this	  discomfort	  or	  pain	  started,	  did	  you	  have	  more	  frequent	  bowel	  movements?	  

0	  Never	  or	  rarely	  
1	  Sometimes	  
2	  Often	  
3	  Most	  of	  the	  time	  
4	  Always	  

	  
	  
6.	  When	  this	  discomfort	  or	  pain	  started,	  did	  you	  have	  less	  frequent	  bowel	  movements?	  

0	  Never	  or	  rarely	  
1	  Sometimes	  
2	  Often	  
3	  Most	  of	  the	  time	  
4	  Always	  
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7.	  When	  this	  discomfort	  or	  pain	  started,	  were	  your	  stools	  (bowel	  movements)	  looser?	  
0	  Never	  or	  rarely	  
1	  Sometimes	  
2	  Often	  
3	  Most	  of	  the	  time	  
4	  Always	  
	  

	  
8.	  When	  this	  discomfort	  or	  pain	  started,	  how	  often	  did	  you	  have	  harder	  stools?	  

0	  Never	  or	  rarely	  
1	  Sometimes	  
2	  Often	  
3	  Most	  of	  the	  time	  
4	  Always	  
	  
	  

	  
Diagnostic	  Criteria	  for	  IBS:	  
-‐ Pain	  /	  discomfort	  at	  least	  2	  days	  per	  month	  (Question	  1	  >	  2)	  

	  
-‐ For	  women	  pain	  /	  discomfort	  should	  not	  only	  occur	  with	  menstrual	  cycle	  (Question	  2	  =	  

0	  or	  2)	  
	  
-‐ Symptoms	  should	  be	  present	  for	  at	  least	  6	  months	  (Question	  3	  =	  1)	  
	  
-‐ Recurrent	   abdominal	   pain	   /	   discomfort	   at	   least	   2	   -‐	   3	   days/month	   in	   last	   3	   months	  

associated	  with	  two	  or	  more	  of	  criteria	  below:	  
1.	  	   Improvement	  with	  defecation:	  Pain	  /	  discomfort	  gets	  better	  after	  defecation	  

at	  least	  sometimes	  (question4	  >	  0)	  
	  

2.	  	   Onset	   associated	   with	   a	   change	   in	   frequency	   of	   stool:	   Onset	   of	   pain	   /	  
discomfort	  associated	  with	  more	  stools	  at	  least	  sometimes	  (question	  5	  >	  0)	  	  

	   	   	   	   	   or	  
Onset	  of	  pain	  /	  discomfort	  associated	  with	  fewer	  stools	  at	   least	  sometimes	  
(question	  6	  >	  0)	  

	  
3.	  	   Onset	  associated	  with	  a	  change	  in	  form	  (appearance)	  of	  stool:	  Onset	  of	  pain	  

/	  discomfort	  associated	  with	  looser	  stools	  at	   least	  sometimes	  (question	  7	  >	  
0)	  	  

	   	   	   	   	   or	  
Onset	  of	  pain	  /	  discomfort	  associated	  with	  harder	  stools	  at	   least	  sometime	  
(question	  8	  >	  0)	  
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Appendix	  3:	  Irritable	  Bowel	  Syndrome	  Symptom	  Severity	  Scale	  
	  
	  
1.	  a).	  Do	  you	  currently	  suffer	  from	  abdominal	  (tummy)	  pain?	  	   Yes	  	  	  	  
	   	   	  
	   	   	   	   	   	   	   	   No	  
	  	  	  	  
	  	  	  	  b).	  If	  yes,	  how	  severe	  is	  your	  abdominal	  (tummy)	  pain?	  

	  
	  	  	  c).	  Please	  enter	  the	  number	  of	  days	  that	  you	  get	  the	  pain	  in	  every	  10	  days	  
	  	  	  	  	  	  	  	  (For	  example	  if	  you	  get	  enter	  4	  it	  means	  you	  get	  pain	  4	  out	  of	  10	  days)	  
	  	  	  	  	  	  	  	  (If	  you	  get	  pain	  every	  day	  enter	  10)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  
	   	   	   	   	   	   	   	   	   (	  x	  10	  )	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
2.	  a).	  Do	  you	  currently	  suffer	  abdominal	  distension	  (bloating	  or	  swollen	  tummy)?	  	  
	   (Women	  please	  ignore	  distension	  related	  to	  your	  periods)	  

Yes	  	  	  	  
	   	   	  
	   	   	   	   	   	   	   	   No	  
	  	  	  	  
	  	  	  b).	  If	  yes,	  how	  severe	  is	  you	  abdominal	  distension	  /	  tightness?	  

	  
	  
	  
3.	  How	  satisfied	  are	  you	  with	  your	  bowel	  habit?	  

	  
	  
	  
4.	  Please	  indicate	  with	  a	  cross	  on	  the	  line	  below	  how	  much	  your	  Irritable	  Bowel	  
	  	  	  	  Syndrome	  is	  affecting	  or	  interfering	  with	  your	  life	  in	  general	  

	  
Overall	  IBS-‐SSS	  Score:	  

0%	   100%	  

No	  pain	  
	  

Not	  very	  
severe	  

Quite	  
severe	  

Severe	   Very	  
severe	  

0%	   100%	  

	  	  Very	  
happy	  
	  

Quite	  
happy	  

Unhappy	   	  	  	  	  Very	  
unhappy	  

0%	   100%	  

Not	  at	  all	   Not	  much	   Quite	  a	  lot	   Completely	  

0%	   100%	  

No	  pain	  
	  

Not	  very	  
severe	  

Quite	  
severe	  

Severe	   Very	  
severe	  

	  

For	  Office	  
Use	  Only.	  
Score:	  
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Appendix	  4:	  Hospital	  Anxiety	  and	  Depression	  Questionnaire	  
	  
Patient	  Advice:	  
Read	  each	  item	  and	  circle	  the	  reply	  which	  comes	  closest	  to	  how	  you	  have	  been	  feeling	  in	  the	  
past	  week.	  Don’t	  take	  too	  long	  over	  your	  replies;	  your	  immediate	  reaction	  to	  each	  item	  will	  
probably	  be	  more	  accurate	  than	  a	  long	  thought	  out	  response.	  
	   	   	   	   	   	   	   	   	   	   	   	  	  	  	  	  	  	  
1.	  I	  feel	  tense	  or	  ‘wound	  up’:	   	   	   	   	   	   	   	   	  	  	  	  A	  

Most	  of	  the	  time	   	   	   	   	   	   	   	  	  	  	  3	  
A	  lot	  of	  the	  time	   	   	   	   	   	   	   	  	  	  	  2	  
From	  time	  to	  time,	  occasionally	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
	  

2.	  I	  still	  enjoy	  the	  things	  I	  used	  to	  enjoy:	  	   	   	   	   	   	  	  	  	  	   	  	  	  	  D	  
Definitely	  as	  much	   	   	   	   	   	   	   	  	  	  	  0	  
Not	  quite	  so	  much	   	   	   	   	   	   	   	  	  	  	  1	  
Only	  a	  little	   	   	   	   	   	   	   	   	  	  	  	  2	  
Hardly	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  3	  
	  

3.	  I	  get	  a	  sort	  of	  frightened	  feeling	  as	  if	  something	  awful	  is	  about	  to	  happen:	   	  	  	  	  	   	  	  	  	  A	  
Very	  definitely	  and	  quite	  badly	   	   	   	   	   	  	  	  	  	   	  	  	  	  3	  
Yes,	  but	  not	  too	  badly	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  2	  
A	  little,	  but	  it	  doesn’t	  worry	  me	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
	  

4.	  I	  can	  laugh	  and	  see	  the	  funny	  side	  of	  things:	   	   	   	   	   	  	  	  	  	   	  	  	  	  D	  
As	  much	  as	  I	  always	  could	   	   	   	   	   	   	  	  	  	  0	  
Not	  quite	  so	  much	  now	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Definitely	  not	  so	  much	  now	   	   	   	   	   	   	  	  	  	  2	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  3	  
	  

5.	  Worrying	  thoughts	  go	  through	  my	  mind:	   	   	   	   	   	  	  	  	  	   	  	  	  	  A	  
A	  great	  deal	  of	  the	  time	  	   	   	   	   	   	  	  	  	   	  	  	  	  3	  
A	  lot	  of	  the	  time	   	   	   	   	   	   	   	  	  	  	  2	  
From	  time	  to	  time	  but	  not	  too	  often	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Only	  occasionally	   	   	   	   	   	   	   	  	  	  	  0	  
	  

6.	  I	  feel	  cheerful:	   	   	   	   	   	   	   	   	   	  	  	  	  D	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  3	  
Not	  often	   	   	   	   	   	   	   	   	  	  	  	  2	  
Sometimes	   	   	   	   	   	   	   	   	  	  	  	  1	  
Most	  of	  the	  time	   	   	   	   	   	   	   	  	  	  	  0	  
	  

7.	  I	  can	  sit	  at	  ease	  and	  feel	  relaxed:	   	   	   	   	   	   	   	  	  	  	  A	  
Definitely	   	   	   	   	   	   	   	   	  	  	  	  0	  
Usually	   	   	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Not	  often	   	   	   	   	   	   	   	   	  	  	  	  2	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  3	  
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8.	  I	  feel	  as	  if	  I	  am	  slowed	  down:	   	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  D	  
Nearly	  all	  the	  time	   	   	   	   	   	   	   	  	  	  	  3	  
Very	  often	   	   	   	   	   	   	   	  	   	  	  	  	  2	  
Sometimes	   	   	   	   	   	   	   	   	  	  	  	  1	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
	  

9.	  I	  get	  a	  sort	  of	  frightened	  feeling	  like	  ‘butterflies’	  in	  the	  stomach:	   	   	  	  	  	  	   	  	  	  	  A	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
Occasionally	   	   	   	   	   	   	   	   	  	  	  	  1	  
Quite	  often	   	   	   	   	   	   	   	   	  	  	  	  2	  
Very	  often	   	   	   	   	   	   	   	   	  	  	  	  3	  

	  
10.	  I	  have	  lost	  interest	  in	  my	  appearance:	   	   	   	   	   	   	  	  	  	  D	  

Definitely	   	   	   	   	   	   	   	   	  	  	  	  3	  
I	  don’t	  take	  so	  much	  care	  as	  I	  should	   	   	   	   	  	  	  	  	   	  	  	  	  2	  
I	  may	  not	  take	  quite	  as	  much	  care	   	   	   	   	   	  	  	  	  1	  
I	  take	  just	  as	  much	  care	  as	  ever	   	   	   	   	   	  	  	  	  	   	  	  	  	  0	  
	  

11.	  I	  feel	  restless	  as	  if	  I	  have	  to	  be	  on	  the	  move:	   	   	   	   	   	  	  	  	  	   	  	  	  	  A	  
Very	  much	  indeed	   	   	   	   	   	   	   	  	  	  	  3	  
Quite	  a	  lot	   	   	   	   	   	   	   	   	  	  	  	  2	  
Not	  very	  much	   	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
	  

12.	  I	  look	  forward	  with	  enjoyment	  to	  things:	   	   	   	   	   	  	  	  	  	   	  	  	  	  D	  
As	  much	  as	  ever	  I	  did	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  0	  
Rather	  less	  than	  I	  used	  to	   	   	   	   	   	   	  	  	  	  1	  
Definitely	  less	  than	  I	  used	  to	   	   	   	   	  	  	  	  	  	  	  	   	  	  	  	  	   	  	  	  	  2	  
Hardly	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  3	  
	  

13.	  I	  get	  sudden	  feelings	  of	  panic:	   	   	   	   	   	   	   	  	  	  	  A	  
Very	  often	  indeed	   	   	   	   	   	   	   	  	  	  	  3	  
Quite	  often	   	   	   	   	   	   	   	   	  	  	  	  2	  
Not	  very	  often	   	   	   	   	   	   	   	  	  	  	  	   	  	  	  	  1	  
Not	  at	  all	   	   	   	   	   	   	   	   	  	  	  	  0	  
	  

14.	  I	  can	  enjoy	  a	  good	  book	  or	  radio	  or	  TV	  programme:	   	   	   	   	  	  	  	  	   	  	  	  	  D	  
Often	   	   	   	   	   	   	   	   	   	  	  	  	  0	  
Sometime	   	   	   	   	   	   	   	   	  	  	  	  1	  
Not	  often	   	   	   	   	   	   	   	   	  	  	  	  2	  
Very	  seldom	   	   	   	   	   	   	   	   	  	  	  	  3	  

	  
	  
Interpretation	  of	  Answers:	  
The	  total	  score	  of	  the	  seven	  questions	  assessing	  anxiety,	  and	  the	  seven	  questions	  assessing	  
depression	   will	   be	   calculated	   separately	   giving	   a	   score	   out	   of	   21	   for	   both	   respective	  
conditions.	   There	   is	   no	   definitive	   ‘cut-‐off’	   score	   to	   determine	   if	   anxiety	   or	   depression	  are	  
present	  but	  the	  score	  will	  give	  a	  value	  for	  how	  much	  anxiety	  or	  depression	  exits.	  Scores	  from	  
0-‐7	  suggest	  probable	  absence	  of	  anxiety	  or	  depression,	  8-‐10	  suggest	  possible	  presence,	  and	  
11-‐21	  suggest	  probable	  presence.	  	  
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Appendix	  5:	  Simple	  Clinical	  Colitis	  Activity	  Index	  
	  
Patients	   are	   assessed	   on	   each	   of	   the	   six	   questions	   below	   and	   a	   score	   is	   equated	   to	   their	  
response.	  The	  six	  scores	  are	  added	  together	  to	  give	  the	  SCCAI	  result.	  Relapse	  is	  defined	  as	  a	  
total	  score	  ≥	  5.	  
	  

1. Bowel	  frequency	  per	  day	   	   Score	  
1-‐3	   	   	   	   	  	  	  	  	  0	  
4-‐6	   	   	   	   	  	  	  	  	  1	  
7-‐9	   	   	   	   	  	  	  	  	  2	  
>9	   	   	   	   	  	  	  	  	  3	  
	  

2. Bowel	  frequency	  per	  night	   	   	  
1-‐3	   	   	   	   	  	  	  	  	  1	  
4-‐6	   	   	   	   	  	  	  	  	  2	  
	  

3. Urgency	  of	  defaecation	  
a. Hurry	   	   	   	   	  	  	  	  	  1	  
b. Immediate	   	   	   	  	  	  	  	  2	  
c. Incontinence	   	  	  	  	  	   	   	  	  	  	  	  3	  

	  
4. Blood	  in	  stool	  

a. Trace	   	   	   	  	  	   	  	  	  	  	  1	  
b. Occasionally	  Frank	   	   	  	  	  	  	  2	  
c. Usually	  Frank	   	   	   	  	  	  	  	  3	  

	  
5. General	  well	  being	  

a. Very	  well	   	   	   	  	  	  	  	  0	  
b. Slightly	  below	  par	   	   	  	  	  	  	  1	  
c. Poor	   	   	   	   	  	  	  	  	  2	  
d. Very	  poor	   	   	   	  	  	  	  	  3	  
e. Terrible	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  	  	  	  5	  

	  
6. Extra-‐colonic	  features	   	   	  	  	  	  	  1	  per	  manifestation	  

	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  



	   168	  

Appendix	  6:	  Harvey	  Bradshaw	  Index	  

	  
Patients	  are	  assessed	  on	  the	  following	  5	  aspects.	  The	  scores	  are	  added	  together	  to	  give	  the	  
HBI	  result.	  Active	  disease	  is	  defined	  as	  a	  score	  ≥	  5.	  
Based	  on	  the	  previous	  day…..	  
	  
1.	  General	  well-‐being	  (0=very	  well,	  1=slightly	  below	  par,	  2=poor,	  3=very	  poor,	  4=	  terrible)	  …..	  
	  
2.	  Abdominal	  pain	  (0=none,	  1=mild,	  2=moderate,	  3=severe)	   	   	   	   	  	  …..	  
	  
3.	  Number	  of	  liquid	  stools	  per	  day	   	   	   	   	   	   	   	  	  …..	  
	  
4.	  Abdominal	  mass	  (0=none,	  1=dubious,	  2=definite,	  3=definite	  +	  tender)	  	   	  	  …..	  
	  
5.	   Complications	   (arthralgia,	   uveitis,	   erythema	   nodosum,	   aphthous	   ulcers,	   pyoderma	  
gangrenosum,	  anal	  fissure,	  new	  fistula,	  abscess)	  	   	   	   	   	   	  	  …..	  
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Appendix	  7:	  Non-‐Colonic	  Symptoms	  Questionnaire	  
	  
Please	  indicate	  if	  you	  experience	  any	  of	  the	  following	  symptoms	  regularly:	  
	  
	   	   	   	   	   	   	   	   	  
Headache	   	   	   	   	   	  
	  
	  
	  
Muscular	  Aches	  
	  
	  
	  
Inappropriate	  severe	  fatigue	  
	  
	  
	  
Loss	  of	  concentration	  or	  poor	  memory	  
	  
	  
	  
Rhinitis	  
	  
	  
	  
Itching	  
	  
	  
	  
Palpitations	  
	  
	  
	  
Mouth	  Ulcers	  
	  
	  
	  
Sore	  Throats	  
	  
	  
	  
Sleep	  Disturbance	  
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Appendix	  8:	  Revised	  Daily	  Hassles	  Scale	  
	  
Hassles	  are	   irritants	  –	  things	  that	  annoy	  or	  bother	  you;	  they	  can	  make	  you	  upset	  or	  angry.	  
Some	  hassles	  occur	  on	  a	   regular	  basis	  and	  others	  are	   rare.	  Some	  have	  only	  a	  slight	  effect,	  
others	  have	  a	  strong	  effect.	  This	  questionnaire	  lists	  things	  that	  can	  be	  a	  hassle	  in	  your	  day-‐
to-‐day	  life.	  	  
	  
Please	  think	  about	  how	  much	  of	  a	  hassle	  each	  item	  has	  been	  for	  you	  in	  the	  last	  month,	  and	  
circle	  the	  appropriate	  number.	  	  

0	  =	  None,	  or	  Not	  Applicable	  
1	  =	  Somewhat	  
2	  =	  Quite	  a	  bit	  
3	  =	  A	  great	  deal	  

	  
	  
1.	  Your	  child(ren)	   	   	   	   	   	   0	   1	   2	   3	  
	  
2.	  Your	  parents	  or	  parents-‐in-‐law	   	   	   	   0	   1	   2	   3	  
	  
3.	  Other	  relative(s)	  	   	   	   	   	   	   0	   1	   2	   3	  
	  
4.	  Your	  spouse	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
5.	  Time	  spent	  with	  family	   	   	   	   	   0	   1	   2	   3	  
	  
6.	  Health	  or	  well-‐being	  of	  a	  family	  member	   	   	   0	   1	   2	   3	  
	  
7.	  Sex	   	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
8.	  Intimacy	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
9.	  Family-‐related	  obligations	   	   	   	   	   0	   1	   2	   3	  
	  
10.	  Your	  friend(s)	  	   	   	   	   	   	   0	   1	   2	   3	  
	  
11.	  Fellow	  workers	   	   	   	   	   	   0	   1	   2	   3	  
	  
12.	  Clients,	  customers,	  patients,	  etc.	  	   	   	   	   0	   1	   2	   3	  
	  
13.	  Your	  supervisor	  or	  employer	  	   	   	   	   0	   1	   2	   3	  
	  
14.	  The	  nature	  of	  your	  work	   	   	   	   	   0	   1	   2	   3	  
	  
15.	  Your	  workload	   	   	   	   	   	   0	   1	   2	   3	  
	  
16.	  Your	  job	  security	   	   	   	   	   	   0	   1	   2	   3	  
	  
17.	  Meeting	  deadlines	  or	  goals	  on	  the	  job	   	   	   0	   1	   2	   3	  
	  
18.	  Money	  for	  necessities	  (e.g.	  food,	  clothing,	  housing)	  	   	   0	   1	   2	   3	  
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19.	  Money	  for	  education	   	   	   	   	   0	   1	   2	   3	  
	  
20.	  Money	  for	  emergencies	   	   	   	   	   0	   1	   2	   3	  
	  
21.	  Money	  for	  extras	  (e.g.	  leisure,	  holidays)	  	   	   	   0	   1	   2	   3	  
	  
22.	  Financial	  care	  for	  others	  not	  living	  with	  you	   	   	   0	   1	   2	   3	  
	  
23.	  Investments	  	   	   	   	   	   	   0	   1	   2	   3	  
	  
24.	  Your	  smoking	   	   	   	   	   	   0	   1	   2	   3	  
	  
25.	  Your	  drinking	   	   	   	   	   	   0	   1	   2	   3	  
	  
26.	  Recreational	  Drugs	   	   	   	   	   	   0	   1	   2	   3	  
	  
27.	  Your	  physical	  appearance	   	   	   	   	   0	   1	   2	   3	  
	  
28.	  Contraception	   	   	   	   	   	   0	   1	   2	   3	  
	  
29.	  Exercise	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
30.	  Your	  medical	  care	   	   	   	   	   	   0	   1	   2	   3	  
	  
31.	  Your	  health	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
32.	  Your	  physical	  abilities	   	   	   	   	   0	   1	   2	   3	  
	  
33.	  The	  weather	   	   	   	   	   	   0	   1	   2	   3	  
	  
34.	  News	  Events	   	   	   	   	   	   0	   1	   2	   3	  
	  
35.	  Your	  environment	  (quality	  of	  air,	  noise,	  etc.)	  	   	   0	   1	   2	   3	  
	  
36.	  Political	  or	  social	  issues	   	   	   	   	   0	   1	   2	   3	  
	  
37.	  Your	  neighbourhood	   	   	   	   	   0	   1	   2	   3	  
	  
38.	  Conserving	  Gas,	  Electricity,	  Water	   	   	   	   0	   1	   2	   3	  
	  
39.	  Pets	  	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
40.	  Cooking	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
41.	  Housework	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
42.	  Home	  repairs	   	   	   	   	   	   0	   1	   2	   3	  
	  
43.	  Yardwork	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
44.	  Car	  maintenance	   	   	   	   	   	   0	   1	   2	   3	  
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45.	  Taking	  care	  of	  paperwork	   	   	   	   	   0	   1	   2	   3	  
	  
46.	  Home	  entertainment	  (TV,	  Computer,	  etc.)	  	   	   	   0	   1	   2	   3	  
	  
47.	  Amount	  of	  free	  time	  	   	   	   	   	   0	   1	   2	   3	  
	  
48.	  Recreation	  outside	  the	  home	   	   	   	   0	   1	   2	   3	  
	  
49.	  Eating	   	   	   	   	   	   	   0	   1	   2	   3	  
	  
50.	  Church	  or	  community	  organisations	   	   	   	   0	   1	   2	   3	  
	  
51.	  Legal	  matters	   	   	   	   	   	   0	   1	   2	   3	  
	  
52.	  Being	  organised	   	   	   	   	   	   0	   1	   2	   3	  
	  
53.	  Social	  commitments	  	   	   	   	   	   0	   1	   2	   3	  
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Appendix	  9:	  Levenstein’s	  Perceived	  Stress	  Questionnaire	  
	  

Patient	  Advice:	  
For	  each	  sentence,	  circle	  the	  number	  that	  describes	  how	  often	  it	  applies	  to	  you	  during	  the	  
last	   month.	   Work	   quickly,	   without	   bothering	   to	   check	   your	   answers,	   and	   be	   careful	   to	  
consider	  only	  the	  last	  month.	  
	  
	   Almost	  

Never	  
Sometimes	   Often	   Usually	  

	  
1.	  You	  feel	  rested	   1	   2	   3	   4	  
2.	  You	  feel	  that	  too	  many	  demands	  are	  being	  made	  
on	  you	  

1	   2	   3	   4	  

3.	  You	  are	  irritable	  or	  grouchy	   1	   2	   3	   4	  
4.	  You	  have	  too	  many	  things	  to	  do	   1	   2	   3	   4	  
5.	  You	  feel	  lonely	  or	  isolated	   1	   2	   3	   4	  
6.	  You	  find	  yourself	  in	  situations	  of	  conflict	   1	   2	   3	   4	  
7.	  You	  feel	  you’re	  doing	  things	  you	  really	  like	   1	   2	   3	   4	  
8.	  You	  feel	  tired	   1	   2	   3	   4	  
9.	  You	  feel	  you	  may	  not	  manage	  to	  attain	  your	  goals	   1	   2	   3	   4	  
10.	  You	  feel	  calm	   1	   2	   3	   4	  
11.	  You	  have	  too	  many	  decisions	  to	  make	   1	   2	   3	   4	  
12.	  You	  feel	  frustrated	   1	   2	   3	   4	  
13.	  You	  are	  full	  of	  energy	   1	   2	   3	   4	  
14.	  You	  feel	  tense	   1	   2	   3	   4	  
15.	  Your	  problems	  seem	  to	  be	  building	  up	   1	   2	   3	   4	  
16.	  You	  feel	  you’re	  in	  a	  hurry	   1	   2	   3	   4	  
17.	  You	  feel	  safe	  and	  protected	   1	   2	   3	   4	  
18.	  You	  have	  many	  worries	   1	   2	   3	   4	  
19.	  You	  are	  under	  pressure	  from	  other	  people	   1	   2	   3	   4	  
20.	  You	  feel	  discouraged	   1	   2	   3	   4	  
21.	  You	  enjoy	  yourself	   1	   2	   3	   4	  
22.	  You	  are	  afraid	  for	  the	  future	   1	   2	   3	   4	  
23.	  You	  feel	  you’re	  doing	  things	  because	  you	  have	  
to,	  not	  because	  you	  want	  to	  

1	   2	   3	   4	  

24.	  You	  feel	  criticized	  or	  judged	   1	   2	   3	   4	  
25.	  You	  are	  light-‐hearted	   1	   2	   3	   4	  
26.	  You	  feel	  mentally	  exhausted	   1	   2	   3	   4	  
27.	  You	  have	  trouble	  relaxing	   1	   2	   3	   4	  
28.	  You	  feel	  loaded	  down	  with	  responsibility	   1	   2	   3	   4	  
29.	  You	  have	  enough	  time	  for	  yourself	   1	   2	   3	   4	  
30.	  You	  feel	  under	  pressure	  from	  deadlines	   1	   2	   3	   4	  
	  
Interpretation	  of	  Answers:	  
Subtract	  the	  circled	  number	  from	  5	  for	  items	  1,	  7,	  10,	  13,	  17,	  21,	  25,	  29	  	  
Score	  the	  circled	  number	  for	  all	  other	  items	  
PSQ	  Index	  =	  (Overall	  score	  –	  30)	  /	  90	  
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Appendix	  10:	  The	  Ways	  of	  Coping	  Checklist	  
	  
Please	  try	  and	  remember	  a	  stressful	  situation	  that	  you	  have	  experienced	  at	  work	  in	  the	  last	  
month.	   If	  you	  can’t	  think	  of	  a	  work	  situation	  please	  think	  of	  another	  situation.	  Now	  please	  
read	   each	   of	   the	   following	   items	   and	   circle	   or	   underline	   the	   number	   next	   to	   each	   on	   the	  
scale	  from	  0	  to	  3,	  to	  show	  how	  much	  you	  used	  each	  approach	  to	  try	  and	  deal	  with	  the	  stress	  
and	  to	  make	  yourself	  feel	  better.	  
	  
0	  =	  Used	  not	  at	  all;	  	  	  1	  =	  Used	  sometimes;	  	  	  	  2	  =	  Used	  often;	  	  	  	  3	  =	  Used	  all	  the	  time.	  
	  
1.	  Bargained	  or	  compromised	  to	  get	  something	  positive	  from	  the	  situation	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  
	  	  
2.	  Concentrated	  on	  something	  good	  that	  could	  result	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
3.	  Tried	  not	  to	  burn	  my	  bridges	  behind	  me,	  tried	  to	  leave	  things	  open.	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
4.	  Changed	  myself	  to	  be	  a	  better	  person.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  
	  	  	  
5.	  Made	  a	  plan	  of	  action	  and	  followed	  it.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
6.	  Accepted	  the	  next	  best	  thing	  to	  what	  I	  wanted.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
7.	  Came	  out	  of	  the	  experience	  a	  better	  person	  than	  when	  I	  went	  in.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
8.	  Tried	  not	  to	  act	  too	  hastily.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
9.	  Changed	  something	  so	  things	  would	  turn	  out	  all	  right.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
10.	  Just	  took	  things	  one	  step	  at	  a	  time.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
11.	  I	  knew	  what	  had	  to	  be	  done,	  so	  I	  tried	  harder	  to	  make	  things	  work.	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
12.	  Came	  up	  with	  a	  couple	  of	  different	  solutions	  to	  the	  problem.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
13.	  Accepted	  my	  strong	  feelings,	  but	  didn’t	  let	  them	  interfere	  with	  things	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  
	  	  	  
14.	  Changed	  something	  about	  myself	  so	  I	  could	  deal	  with	  situation	  better	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
15.	  Stood	  my	  ground	  and	  fought	  for	  what	  I	  wanted.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
16.	  Talked	  to	  someone	  to	  find	  out	  more	  about	  the	  situation.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  	  
	  
17.	  Accepted	  sympathy	  and	  understanding	  from	  someone.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
18.	  Got	  professional	  help	  and	  did	  what	  they	  recommended.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
19.	  Talked	  to	  someone	  who	  could	  do	  something	  about	  the	  problem.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
20.	  Asked	  someone	  I	  respected	  for	  advice	  and	  followed	  it.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
21.	  Talked	  to	  someone	  about	  how	  I	  was	  feeling.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
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22.	  Blamed	  myself.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	   	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
23.	  Criticized	  or	  lectured	  myself.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
24.	  Realised	  I	  brought	  the	  problem	  on	  myself.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
25.	  Hoped	  a	  miracle	  would	  happen.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
26.	  Wished	  I	  was	  a	  stronger	  person	  –	  more	  optimistic	  and	  forceful.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
27.	  Wished	  that	  I	  could	  change	  what	  had	  happened.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
28.	  Wished	  I	  could	  change	  the	  way	  that	  I	  felt.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
29.	  Daydreamed	  or	  imagined	  a	  better	  time	  or	  place	  than	  the	  one	  I	  was	  in.	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
30.	  Had	  fantasies	  or	  wishes	  about	  how	  things	  might	  turn	  out.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
31.	  Thought	  about	  fantastic	  things	  to	  make	  myself	  feel	  better.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
32.	  Wished	  the	  situation	  would	  go	  away	  or	  somehow	  be	  finished.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
33.	  Went	  on	  as	  if	  nothing	  had	  happened.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
34.	  Felt	  bad	  that	  I	  couldn’t	  avoid	  the	  problem.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
35.	  Kept	  my	  feelings	  to	  myself.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
36.	  Slept	  more	  than	  usual.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
37.	  Got	  angry	  at	  the	  people	  or	  things	  that	  caused	  the	  problem.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
38.	  Tried	  to	  forget	  the	  whole	  thing.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
39.	  Tried	  to	  make	  myself	  feel	  better	  by	  eating,	  drinking,	  smoking,	  etc.	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
40.	  Avoided	  being	  with	  other	  people.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
41.	  Didn’t	  tell	  others	  how	  bad	  things	  were.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  	  	  
	  
42.	  Refused	  to	  believe	  it	  had	  happened.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [0]	  	  	  [1]	  	  	  [2]	  	  	  [3]	  
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Appendix	  11:	  Inflammatory	  Bowel	  Disease	  Questionnaire	  
	  
This	   questionnaire	   is	   designed	   to	   find	   out	   how	   you	   have	   been	   feeling	   during	   the	   last	   2	  
weeks.	   You	   will	   be	   asked	   about	   symptoms	   you	   have	   been	   having	   as	   a	   result	   of	   your	  
inflammatory	  bowel	  disease,	  the	  way	  you	  have	  been	  feeling	  in	  general,	  and	  how	  your	  mood	  
has	  been.	  
	  
1.	   How	   frequent	   have	   your	   bowel	   movements	   been	   during	   the	   last	   two	   weeks?	   Please	  
indicate	   how	   frequent	   your	   bowel	   movements	   have	   been	   during	   the	   last	   two	   weeks	   by	  
picking	  one	  of	  the	  options	  from	  
1	  Bowel	  movements	  as	  or	  more	  frequent	  than	  they	  have	  ever	  been	  
2	  Extremely	  frequent	  
3	  Very	  frequent	  
4	  Moderate	  increase	  in	  frequency	  of	  bowel	  movements	  
5	  Some	  increase	  in	  frequency	  of	  bowel	  movements	  
6	  Slight	  increase	  in	  frequency	  of	  bowel	  movements	  
7	  Normal,	  no	  increase	  in	  frequency	  of	  bowel	  movements	  
	  
2.	  How	  often	  has	  the	  feeling	  of	   fatigue	  or	  of	  being	  tired	  and	  worn	  out	  been	  a	  problem	  for	  
you	  during	  the	  last	  2	  weeks?	  Please	  indicate	  how	  often	  the	  feeling	  of	  fatigue	  or	  tiredness	  has	  
been	  a	  problem	  for	  you	  during	  the	  last	  2	  weeks	  by	  picking	  one	  of	  the	  options	  from:	  	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
3.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  felt	  frustrated,	  impatient,	  or	  restless?	  Please	  
choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
4.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  been	  unable	  to	  attend	  school	  or	  do	  your	  work	  
because	  of	  your	  bowel	  problem?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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5.	  How	  much	  of	  the	  time	  during	  the	  last	  2	  weeks	  have	  your	  bowel	  movements	  been	  loose?	  
Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
6.	  How	  much	  energy	  have	  you	  had	  during	  the	  last	  2	  weeks?	  Please	  choose	  an	  option	  from	  
1	  No	  energy	  at	  all	  
2	  Very	  little	  energy	  
3	  A	  little	  energy	  
4	  Some	  energy	  
5	  A	  moderate	  amount	  of	  energy	  
6	  A	  lot	  of	  energy	  
7	  Full	  of	  energy	  
	  
7.	  How	  often	  during	  the	  last	  2	  weeks	  did	  you	  feel	  worried	  about	  the	  possibility	  of	  needing	  to	  
have	  surgery	  because	  of	  your	  bowel	  problem?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
8.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  had	  to	  delay	  or	  cancel	  a	  social	  engagement	  
because	  of	  your	  bowel	  problem?	  Please	  choose	  an	  option	  from:	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
9.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  been	  troubled	  by	  cramps	  in	  your	  abdomen?	  
Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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10.	   How	   often	   during	   the	   last	   2	   weeks	   have	   you	   felt	   generally	   unwell?	   Please	   choose	   an	  
option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
11.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  been	  troubled	  because	  of	  fear	  of	  not	  finding	  
a	  washroom?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
12.	  How	  much	  difficulty	  have	  you	  had,	  as	  a	  result	  of	  your	  bowel	  problems,	  doing	  leisure	  or	  
sports	  activities	  you	  would	  have	  liked	  to	  have	  done	  during	  the	  last	  2	  weeks?	  Please	  choose	  
an	  option	  from:	  
1	  A	  great	  deal	  of	  difficulty;	  activities	  made	  impossible	   	   	  
2	  A	  lot	  of	  difficulty	  
3	  A	  fair	  bit	  of	  difficulty	  
4	  Some	  difficulty	  
5	  A	  little	  difficulty	  
6	  Hardly	  any	  difficulty	  
7	  No	  difficulty;	  the	  bowel	  problems	  did	  not	  limit	  sports	  or	  leisure	  activities	  
	  
13.	   How	  often	   during	   the	   last	   2	  weeks	   have	   you	   been	   troubled	   by	   pain	   in	   the	   abdomen?	  
Please	  choose	  an	  option	  from:	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
14.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  had	  problems	  getting	  a	  good	  night’s	  sleep,	  
or	  been	  troubled	  by	  waking	  up	  during	  the	  night?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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15.	   How	   often	   during	   the	   last	   2	   weeks	   have	   you	   felt	   depressed	   or	   discouraged?	   Please	  
choose	  an	  option	  from:	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
16.	  How	  often	  during	  the	  last	  2	  weeks	  have	  you	  had	  to	  avoid	  attending	  events	  when	  there	  
was	  no	  washroom	  close	  at	  hand?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
17.	  Overall,	   in	   the	   last	   2	  weeks,	   how	  much	  of	   a	  problem	  have	   you	  had	  with	  passing	   large	  
amounts	  of	  gas?	  Please	  choose	  an	  option	  from:	  
1	  A	  major	  problem	   	   	   	   	   	   	   	   	  
2	  A	  big	  problem	  
3	  A	  significant	  problem	  
4	  Some	  trouble	  
5	  A	  little	  trouble	  
6	  Hardly	  any	  trouble	  
7	  No	  trouble	  
	  
18.	  Overall,	  in	  the	  last	  2	  weeks,	  how	  much	  of	  a	  problem	  have	  you	  had	  maintaining	  or	  getting	  
to,	  the	  weight	  you	  would	  like	  to	  be	  at?	  Please	  choose	  an	  option	  from:	  
1	  A	  major	  problem	   	   	   	   	   	   	   	   	  
2	  A	  big	  problem	  
3	  A	  significant	  problem	  
4	  Some	  trouble	  
5	  A	  little	  trouble	  
6	  Hardly	  any	  trouble	  
7	  No	  trouble	  
	  
19.	  Many	   patients	  with	   bowel	   problems	   often	   have	  worries	   and	   anxieties	   related	   to	   their	  
illness.	  These	  include	  worries	  about	  getting	  cancer,	  worries	  about	  never	  feeling	  any	  better,	  
and	  worries	  about	  having	  a	  relapse.	  In	  general,	  how	  often	  during	  the	  last	  2	  weeks	  have	  you	  
felt	  worried	  or	  anxious?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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20.	  How	  much	  of	   the	  time	  during	  the	   last	  2	  weeks	  have	  you	  been	  troubled	  by	  a	   feeling	  of	  
abdominal	  bloating?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
21.	   How	   often	   during	   the	   last	   2	  weeks	   have	   you	   felt	   relaxed	   and	   free	   of	   tension?	   Please	  
choose	  an	  option	  from:	  
1	  None	  of	  the	  time	   	   	   	   	   	   	   	   	  
2	  A	  little	  of	  the	  time	  	  
3	  Some	  of	  the	  time	  	  
4	  A	  good	  bit	  of	  the	  time	  	  
5	  Most	  of	  the	  time	  
6	  Almost	  all	  of	  the	  time	  
7	  All	  of	  the	  time	  
	  
22.	   How	  much	   of	   the	   time	   during	   the	   last	   2	   weeks	   have	   you	   had	   a	   problem	   with	   rectal	  
bleeding	  with	  your	  bowel	  movements?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
23.	  How	  much	  of	  the	  time	  during	  the	  last	  2	  weeks	  have	  you	  felt	  embarrassed	  as	  a	  result	  of	  
your	  bowel	  problem?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
24.	  How	  much	  of	   the	  time	  during	  the	   last	  2	  weeks	  have	  you	  been	  troubled	  by	  a	   feeling	  of	  
having	   to	   go	   to	   the	   bathroom	   even	   though	   your	   bowels	   were	   empty?	   Please	   choose	   an	  
option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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25.	  How	  much	   of	   the	   time	   during	   the	   last	   2	  weeks	   have	   you	   felt	   tearful	   or	   upset?	   Please	  
choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
26.	  How	  much	  of	   the	   time	   during	   the	   last	   2	  weeks	   have	   you	   been	   troubled	   by	   accidental	  
soiling	  of	  your	  underpants?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
27.	  How	  much	  of	   the	   time	  during	   the	   last	  2	  weeks	  have	  you	   felt	  angry	  as	  a	   result	  of	   your	  
bowel	  problem?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
28.	  To	  what	  extent	  has	  your	  bowel	  problem	  limited	  sexual	  activity	  during	  the	  last	  2	  weeks?	  
Please	  choose	  an	  option	  from	  
1.	  No	  sex	  as	  a	  result	  of	  bowel	  disease	  
2.	  Major	  limitation	  as	  a	  result	  of	  bowel	  disease	  
3.	  Moderate	  limitation	  as	  a	  result	  of	  bowel	  disease	  
4.	  Some	  limitation	  as	  a	  result	  of	  bowel	  disease	  
5.	  A	  little	  limitation	  as	  a	  result	  of	  bowel	  disease	  
6.	  Hardly	  any	  limitation	  as	  a	  result	  of	  bowel	  disease	  
7.	  No	  limitation	  as	  a	  result	  of	  bowel	  disease	  
	  
29.	  How	  much	   of	   the	   time	   during	   the	   last	   2	  weeks	   have	   you	   been	   troubled	   by	   nausea	   or	  
feeling	  sick	  to	  your	  stomach?	  Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
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30.	  How	  much	  of	  the	  time	  during	  the	  last	  2	  weeks	  have	  you	  felt	  irritable?	  Please	  choose	  an	  
option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
31.	  How	  often	  during	  the	  past	  2	  weeks	  have	  you	  felt	  a	  lack	  of	  understanding	  from	  others?	  
Please	  choose	  an	  option	  from	  
1	  All	  of	  the	  time	  	   	   	   	   	   	   	  
2	  Most	  of	  the	  time	  
3	  A	  good	  bit	  of	  the	  time	  
4	  Some	  of	  the	  time	  
5	  A	  little	  of	  the	  time	  
6	  Hardly	  any	  of	  the	  time	  
7	  None	  of	  the	  time	  
	  
32.	  How	  satisfied,	  happy,	  or	  pleased	  have	  you	  been	  with	  your	  personal	   life	  during	  the	  past	  
2weeks?	  Please	  choose	  one	  of	  the	  following	  options	  from	  
1	  Very	  dissatisfied,	  unhappy	  most	  of	  the	  time	  
2	  Generally	  dissatisfied,	  unhappy	  
3	  Somewhat	  dissatisfied,	  unhappy	  
4	  Generally	  satisfied,	  pleased	  
5	  Satisfied	  most	  of	  the	  time,	  happy	  
6	  Very	  satisfied	  most	  of	  the	  time,	  happy	  
7	  Extremely	  satisfied,	  could	  not	  have	  been	  more	  happy	  or	  pleased	  
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Appendix	  12:	  National	  Adult	  Reading	  Test	  
	  
Below	  is	  a	  list	  of	  words	  that	  you	  will	  be	  asked	  to	  read	  out	  aloud.	  Please	  read	  out	  one	  word	  at	  
a	  time,	  and	  wait	  for	  the	  assessor	  to	  indicate	  when	  to	  move	  onto	  the	  next	  word.	  Most	  people	  
will	  not	  recognise	  some	  of	  the	  words	  that	  follow	  but	  please	  guess	  at	  the	  pronunciation	  if	  you	  
are	  unsure.	  
	  
CHORD	  	   	   	   	   	   	   SUPERFLUOUS	  
ACHE	   	   	   	   	   	   	   SIMILE	  	  	  
DEPOT	  	  	  	   	   	   	   	   	   BANAL	  	  	  
AISLE	   	   	   	   	   	   	   QUADRUPED	  	  	  
BOUQUET	  	  	   	   	   	   	   	   CELLIST	  	  
PSALM	   	   	   	   	   	   	   FAÇADE	  	  	  
CAPON	  	  	   	   	   	   	   	   ZEALOT	  	  	  
DENY	   	   	   	   	   	   	   DRACHM	  	  	  
NAUSEA	  	   	   	   	   	   	   AEON	  	  	  
DEBT	   	   	   	   	   	   	   PLACEBO	  	  	  
COURTEOUS	  	  	   	   	   	   	   	   ABSTEMIOUS	  	  	  
RAREFY	  	  	   	   	   	   	   	   DÉTENTE	  	  	  
EQUIVOCAL	   	  	  	   	   	   	   	   IDYLL	  	  	  
NAÏVE	  	  	  	   	   	   	   	   	   PUERPERAL	  	  	   	  
CATACOMB	   	   	   	   	   	   AVER	  	  	   	  
GAOLED	  	  	   	   	   	   	   	   GAUCHE	  	  	  
THYME	  	  	   	   	   	   	   	   TOPIARY	  	  	   	   	  
HEIR	  	  	   	   	   	   	   	   	   LEVIATHAN	  	  	   	  
RADIX	  	  	   	   	   	   	   	   	   BEATIFY	  	  	   	  
ASSIGNEE	   	   	   	   	   	   PRELATE	  	  	   	  
HIATUS	  	  	   	   	   	   	   	   SIDEREAL	  	  	   	   	  
SUBTLE	  	  	   	   	   	   	   	   DEMESNE	  	  	   	  
PROCREATE	  	  	   	   	   	   	   	   SYNCOPE	  	  	   	  
GIST	  	  	   	   	   	   	   	   	   LABILE	  	  	  	  
GOUGE	  	  	   	   	   	   	   	   CAMPANILE	   	  
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Appendix	  13:	  Big	  Five	  Inventory	  
	  
Here	  are	  a	  number	  of	  characteristics	  that	  may	  or	  may	  not	  apply	  to	  you.	  	  For	  example,	  do	  you	  
agree	  that	  you	  are	  someone	  who	   likes	  to	  spend	  time	  with	  others?	   	  Please	  circle	  a	  number	  
next	   to	   each	   statement	   to	   indicate	   the	   extent	   to	   which	   you	   agree	   or	   disagree	   with	   that	  
statement.	  
	  

1	  
Disagree	  
Strongly	  

2	  
Disagree	  
a	  little	  

3	  
Neither	  agree	  
nor	  disagree	  

4	  
Agree	  
a	  little	  

5	  
Agree	  
strongly	  

	  
	  
I	  am	  someone	  who:	  
	  
1.	  Is	  talkative	   	   	   	   	   1	   2	   3	   4	   5	  
	  
2.	  Tends	  to	  find	  fault	  with	  others	   	   1	   2	   3	   4	   5	  
	  

3.	  Does	  a	  thorough	  job	   	   	   	   1	   2	   3	   4	   5	  
	  

4.	  Is	  depressed,	  blue	   	   	   	   1	   2	   3	   4	   5	  
	  

5.	  Is	  original,	  comes	  up	  with	  new	  ideas	   	   1	   2	   3	   4	   5	  
	  

6.	  Is	  reserved	   	   	   	   	   1	   2	   3	   4	   5	  
	  

7.	  Is	  helpful	  and	  unselfish	  with	  others	   	   1	   2	   3	   4	   5	  
	  
8.	  Can	  be	  somewhat	  careless	   	   	   1	   2	   3	   4	   5	  
	  

9.	  Is	  relaxed,	  handles	  stress	  well	  	   	   1	   2	   3	   4	   5	  
	  

10.	  Is	  curious	  about	  many	  different	  things	   1	   2	   3	   4	   5	  
	  

11.	  Is	  full	  of	  energy	   	   	   	   1	   2	   3	   4	   5	  
	  

12.	  Starts	  quarrels	  with	  others	   	   	   1	   2	   3	   4	   5	  
	  

13.	  Is	  a	  reliable	  worker	   	   	   	   1	   2	   3	   4	   5	  
	  

14.	  Can	  be	  tense	   	   	   	   1	   2	   3	   4	   5	  
	  

15.	  Is	  ingenious,	  a	  deep	  thinker	   	   	   1	   2	   3	   4	   5	  
	  

16.	  Generates	  a	  lot	  of	  enthusiasm	   	   1	   2	   3	   4	   5	  
	  

17.	  Has	  a	  forgiving	  nature	   	   	   1	   2	   3	   4	   5	  
	  

18.	  Tends	  to	  be	  disorganized	   	   	   1	   2	   3	   4	   5	  
	  

19.	  Worries	  a	  lot	   	   	   	   1	   2	   3	   4	   5	  
	  

20.	  Has	  an	  active	  imagination	   	   	   1	   2	   3	   4	   5	  
	  

21.	  Tends	  to	  be	  quiet	   	   	   	   1	   2	   3	   4	   5	  
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22.	  Is	  generally	  trusting	   	   	   	   1	   2	   3	   4	   5	  
	  
23.	  Tends	  to	  be	  lazy	   	   	   	   1	   2	   3	   4	   5	  
24.	  Is	  emotionally	  stable,	  not	  easily	  upset	   1	   2	   3	   4	   5	  
	  

25.	  Is	  inventive	   	   	   	   	   1	   2	   3	   4	   5	  
	  

26.	  Has	  an	  assertive	  personality	  	   	   1	   2	   3	   4	   5	  
	  

27.	  Can	  be	  cold	  and	  aloof	   	   	   1	   2	   3	   4	   5	  
	  

28.	  Perseveres	  until	  the	  task	  is	  finished	   	   1	   2	   3	   4	   5	  
	  
29.	  Can	  be	  moody	   	   	   	   1	   2	   3	   4	   5	  
	  

30.	  Values	  artistic,	  aesthetic	  experiences	   1	   2	   3	   4	   5	  
	  

31.	  Is	  sometimes	  shy,	  inhibited	   	   	   1	   2	   3	   4	   5	  
	  

32.	  Is	  considerate	  and	  kind	  to	  almost	  everyone	   1	   2	   3	   4	   5	  
	  

33.	  Does	  things	  efficiently	   	   	   1	   2	   3	   4	   5	  
	  

34.	  Remains	  calm	  in	  tense	  situations	   	   1	   2	   3	   4	   5	  
	  

35.	  Prefers	  work	  that	  is	  routine	   	   	   1	   2	   3	   4	   5	  
	  

36.	  Is	  outgoing,	  sociable	  	   	   	   1	   2	   3	   4	   5	  
	  

37.	  Is	  sometimes	  rude	  to	  others	  	   	   1	   2	   3	   4	   5	  
	  

38.	  Makes	  plans	  and	  follows	  through	  with	  them	  1	   2	   3	   4	   5	  
	  

39.	  Gets	  nervous	  easily	   	   	   	   1	   2	   3	   4	   5	  
	  

40.	  Likes	  to	  reflect,	  play	  with	  ideas	   	   1	   2	   3	   4	   5	  
	  

41.	  Has	  few	  artistic	  interests	   	   	   1	   2	   3	   4	   5	  
	  

42.	  Likes	  to	  cooperate	  with	  others	   	   1	   2	   3	   4	   5	  
	  

43.	  Is	  easily	  distracted	   	   	   	   1	   2	   3	   4	   5	  
	  
44.	  Is	  sophisticated	  in	  art,	  music,	  or	  literature	   1	   2	   3	   4	   5	  
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Appendix	  14:	  Interpersonal	  Support	  Evaluation	  List	  
	  
This	  scale	   is	  made	  up	  of	  a	   list	  of	  statements,	  each	  of	  which	  may	  or	  may	  not	  be	  true	  about	  
you.	   	   	   For	   each	   statement	   tick	   ‘definitely	   true’	   if	   you	   are	   sure	   it	   is	   true	   about	   you	   and	  
‘probably	  true’	  if	  you	  think	  it	  is	  true	  but	  are	  not	  absolutely	  certain.	  	  	  Similarly,	  you	  should	  tick	  
‘definitely	  false’	   if	  you	  are	  sure	  the	  statement	  is	  false	  and	  	   ‘probably	  false’	   if	  you	  think	  it	   is	  
false	  but	  are	  not	  absolutely	  certain.	  
	  
	  
1.	   There	  are	  several	  people	  I	  trust	  to	  help	  solve	  my	  problem.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
2.	   If	  I	  need	  help	  mending	  something	  ,	  (e.g.	  an	  appliance,	  car,	  clothes,	  furniture),	  there	  

is	  someone	  who	  would	  help	  me.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
3.	   Most	  of	  my	  friends	  are	  more	  interesting	  than	  I	  am.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
4.	   There	  is	  someone	  who	  takes	  pride	  in	  my	  accomplishments.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
5.	   When	  I	  feel	  lonely,	  there	  are	  several	  people	  I	  can	  talk	  to.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
6.	   There	  is	  no	  one	  that	  I	  feel	  comfortable	  talking	  to	  about	  intimate	  personal	  problems.	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
7.	   I	  often	  meet	  or	  talk	  with	  family	  or	  friends.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
8.	   Most	  people	  I	  know	  think	  highly	  of	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  
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9.	   If	  I	  need	  a	  lift	  very	  early	  in	  the	  morning	  (e.g	  to	  the	  tube	  station,	  train	  station,	  or	  
airport	  ),	  I	  would	  have	  a	  hard	  time	  finding	  anyone	  to	  take	  me.	  	  

	  
4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
10.	   I	  feel	  like	  I'm	  not	  always	  included	  in	  my	  circle	  of	  friends.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
11.	   There	  is	  really	  no	  one	  who	  can	  give	  me	  an	  objective	  view	  of	  how	  I'm	  handling	  my	  

problems.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
12.	   There	  are	  several	  different	  people	  I	  enjoy	  spending	  time	  with.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
13.	   I	  think	  that	  my	  friends	  feel	  that	  I'm	  not	  very	  good	  at	  helping	  them	  solve	  their	  

problems.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
14.	   If	  I	  were	  ill	  and	  needed	  someone	  (friend	  ,	  family	  member,	  or	  acquaintance)	  to	  take	  

me	  to	  the	  doctor,	  I	  would	  have	  trouble	  finding	  someone.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
15.	   If	  I	  wanted	  to	  go	  on	  a	  trip	  or	  outing	  for	  a	  day	  (e.g.	  to	  the	  seaside	  or	  countryside),	  I	  

would	  have	  a	  hard	  time	  finding	  someone	  to	  go	  with	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
16.	   If	  I	  needed	  a	  place	  to	  stay	  for	  a	  week	  because	  of	  an	  emergency	  (e.g.	  water	  or	  

electricity	  not	  working	  in	  my	  flat	  or	  house),	  I	  could	  easily	  find	  someone	  who	  would	  
put	  me	  up.	  	  

	  
4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
17.	   I	  feel	  there	  is	  no	  one	  I	  can	  share	  my	  most	  private	  worries	  and	  fears	  with.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  
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18.	   If	  I	  were	  ill,	  I	  could	  easily	  find	  someone	  to	  help	  me	  with	  my	  daily	  chores.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
19.	   There	  is	  someone	  I	  can	  turn	  to	  for	  advice	  about	  handling	  problems	  with	  my	  family.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
20.	   I'm	  as	  good	  at	  doing	  things	  as	  most	  people	  are.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
21.	   If	  I	  decide	  one	  afternoon	  that	  I	  would	  like	  to	  go	  out	  (e.g.	  to	  the	  cinema)	  that	  evening,	  

I	  could	  find	  someone	  to	  go	  with	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
22.	   When	  I	  need	  suggestions	  on	  how	  to	  deal	  with	  a	  personal	  problem	  ,	  I	  know	  someone	  

I	  can	  turn	  to.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
23.	   If	  I	  needed	  an	  emergency	  loan	  of	  £100,	  there	  is	  someone	  (friend,	  relative	  or	  

acquaintance	  )	  I	  could	  get	  it	  from.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
24.	   In	  general,	  people	  do	  not	  have	  much	  confidence	  in	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
25.	   Most	  people	  I	  know	  do	  not	  enjoy	  the	  same	  things	  that	  I	  do.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
26.	   There	  is	  someone	  I	  could	  turn	  to	  for	  advice	  about	  making	  career	  plans	  or	  about	  

changing	  my	  job.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  
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27.	   I	  don't	  get	  invited	  to	  do	  things	  with	  others.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
28.	   Most	  of	  my	  friends	  are	  more	  successful	  at	  making	  changes	  in	  their	  lives	  than	  I	  am.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
29.	   If	  I	  had	  to	  go	  away	  from	  home	  for	  a	  few	  weeks	  ,	  there	  is	  someone	  I	  know	  who	  would	  

look	  after	  my	  house	  or	  flat	  (the	  plants,	  pets,	  garden,	  etc.).	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
30.	   There	  is	  really	  no	  one	  I	  can	  trust	  to	  give	  me	  good	  financial	  advice.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
31.	   If	  I	  wanted	  to	  have	  lunch	  with	  someone	  ,	  I	  could	  easily	  find	  someone	  to	  join	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
32.	   I	  am	  more	  satisfied	  with	  my	  life	  than	  most	  people	  are	  with	  theirs.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
33.	   If	  I	  was	  stranded	  10	  miles	  from	  home,	  	  there	  is	  someone	  I	  could	  call	  who	  would	  

come	  and	  collect	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
34.	   No	  one	  I	  know	  would	  throw	  a	  birthday	  party	  for	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
35.	   It	  would	  be	  difficult	  to	  find	  someone	  who	  would	  lend	  me	  their	  car	  for	  a	  few	  hours.	  	  	  

(If	  you	  don't	  drive,	  assume	  for	  the	  purpose	  of	  this	  question	  that	  you	  have	  someone	  
to	  drive	  you,	  but	  no	  car).	  	  

	  
4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
36.	   If	  a	  family	  crisis	  arose,	  it	  would	  be	  difficult	  to	  find	  someone	  who	  could	  give	  me	  good	  

advice	  about	  how	  to	  handle	  it.	  	  
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4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
37.	   I	  am	  closer	  to	  my	  friends	  than	  most	  people	  are	  to	  theirs.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
38.	   There	  is	  at	  least	  one	  person	  I	  know	  whose	  advice	  I	  really	  trust.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
39.	   If	  I	  needed	  some	  help	  in	  moving	  to	  a	  new	  house	  or	  flat,	  I	  would	  have	  a	  hard	  time	  

finding	  someone	  to	  help	  me.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  

	  
40.	   I	  have	  a	  hard	  time	  keeping	  pace	  with	  my	  friends.	  	  
	  

4	  =	  definitely	  true	   1	  =	  definitely	  false	  
3	  =	  probably	  true	   2	  =	  probably	  false	  
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