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Abstract			

Introduction:	 Irritable	 Bowel	 Syndrome	 (IBS)	 is	 common,	 with	 a	 global	 prevalence	

estimated	 at	 approximately	 4%,	 with	 a	 young	 age	 of	 presentation	 and	 female	

preponderance.	The	pathophysiology	of	IBS	is	not	fully	understood,	with	the	prevailing	

hypothesis	being	a	disorder	of	the	brain-gut	axis.	Diet	appears	to	play	an	important	role	

in	individuals	with	IBS,	triggering	symptoms	in	up	to	84	percent	of	individuals	with	IBS.	

As	a	result	of	this,	there	has	been	an	interest	in	the	role	of	nutritional	therapies	in	IBS,	

with	a	recent	focus	on	the	role	of	traditional	dietary	advice	(TDA),	the	low	fermentable	

oligo-,	di-,	mono-	saccharides	and	polyols	(FODMAPs)	diet	and	gluten-free	diet	(GFD)	in	

IBS.	The	aim	of	this	thesis	was	to	determine	to	role	of	nutritional	therapies	in	IBS.		

	

Methods:	The	long-term	effects	of	the	low	FODMAP	diet	were	explored	in	patients	with	

IBS.	 Individuals	 with	 IBS	 who	 had	 received	 dietetic-led	 low	 FODMAP	 advice	 were	

approached	at	long	term	follow	up.	Individuals	were	invited	to	complete	questionnaires	

assessing	gastrointestinal	symptoms,	adherence,	nutritional	intake,	dietary	acceptability	

and	food	related	quality	of	life	at	least	6	months	after	having	received	dietetic-led	low	

FODMAP	advice.	A	randomised	controlled	trial	was	also	performed,	assessing	the	efficacy	

and	convenience	of	TDA,	the	low	FODMAP	diet	and	GFD	head-to-head.	Individuals	with	

Rome	IV-defined	IBS	diarrhoea	or	mixed	subtype	were	recruited	via	two	centres	in	the	

United	Kingdom,	and	block	randomised	in	groups	of	up	to	5	(mean	of	3)	to	receive	TDA,	

LFD	or	a	GFD.	Dietary	therapy	commenced	following	face-to-face	or	virtual	dietetic-led	

education,	which	was	delivered	via	group	sessions.	The	primary	endpoint	was	clinical	

response	after	4	weeks	of	dietary	intervention,	as	defined	by	≥	50-point	reduction	in	IBS-

SSS.	Finally,	the	provision	to	deliver	dietary	therapies	to	patients	with	IBS	was	assessed,	

comparing	 this	 to	 individuals	 with	 coeliac	 disease	 and	 inflammatory	 bowel	 disease.	
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Hospitals	within	all	National	Health	Service	(NHS)	trusts	in	England	were	approached.	A	

custom-designed	web-based	questionnaire	was	circulated	via	contact	methods	of	e-mail,	

post	or	telephone.	Individuals/teams	with	knowledge	of	GI	dietetic	services	within	their	

trust	were	invited	to	complete.	

	

Results:	The	low	FODMAP	diet	appears	to	be	effective	at	long	term	follow	up,	with	60%	

reporting	adequate	relief	of	symptoms	at	a	mean	follow	up	of	44	months.	The	majority	

appear	to	be	on	the	personalisation	phase	(76%)	of	the	diet	at	long	term	follow	up,	with	

no	alteration	in	nutritional	intake	compared	to	those	on	a	habitual	diet.	Many	purchase	

‘free-from’	 products,	 with	 the	 purchase	 of	 gluten	 or	 wheat	 free	 products	 being	 the	

commonest	(68%).		From	the	RCT,	at	short	term	follow	up	of	4	weeks,	TDA,	low	FODMAP	

diet	and	GFD	all	appear	to	be	equally	effective,	with	clinical	response	rates	of	40%,	55%	

and	58%	respectively	(p=0.30).	Individuals	found	TDA	significantly	cheaper,	tastier,	less	

time-consuming	to	shop,	easier	to	implement	and	socially	more	convenient	than	the	GFD	

and	 LFD.	 Reductions	 in	 macro-	 and	micro-	 nutrient	 content	 were	 similar	 across	 the	

groups. 		Clinical	characteristics,	socioeconomic	status	and	baseline	stool	dysbiosis	index	

did	not	predict	response	to	dietary	therapy.	From	the	assessment	of	provision	of	dietetic	

services,	 there	 appears	 to	 a	 variable	 number	 of	 dietitians	 between	 regions	 (median	

3.64/100,000;	p=0.03)	with	50%	of	trusts	failing	to	deliver	specialist	dietetic	clinics	for	

IBS.		

	
 
Conclusion:	 This	 body	 of	work	 has	 demonstrated	 that	 there	 is	 a	 role	 for	 nutritional	

therapies	for	IBS,	with	TDA,	low	FODMAP	diet	and	GFD	being	equally	effective	at	short	

term	follow	up.	However,	TDA	appears	to	be	easier	to	implement	for	patients	and	maybe	

preferred	as	first	line	dietary	therapy	in	view	of	this.		The	low	FODMAP	diet	appears	to	
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be	effective	at	 long	 term	 follow	up,	with	many	 individuals	using	gluten	or	wheat	 free	

products	 to	achieve	this.	Despite	 the	efficacy	of	dietary	therapies,	 there	appears	to	be	

inequity	of	dietetic	services	across	England	to	deliver	these	therapies.	Future	research	is	

required	 to	 assess	 dietary	 therapies	 against	 pharmacological	 options,	 with	 novel	

methods	such	as	group	delivery	required	to	 implement	these	therapies	 in	view	of	 the	

variable	provision.			
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Chapter	1	Overview	of	Dietary	Therapies	in	Irritable	Bowel	Syndrome	

1.1	Irritable	Bowel	Syndrome	

Functional	gastrointestinal	disorders	(FGIDs)	are	chronic	gastrointestinal	(GI)	symptoms	

that	occur	in	the	absence	of	organic	pathology	to	explain	their	presence.1		They	account	

for	 approximately	 40	 percent	 of	 referrals	 to	 gastroenterology,	 with	 irritable	 bowel	

syndrome	(IBS)	being	one	such	FGID.2		

	

IBS	 is	 	 the	 most	 studied	 FGID,2	 with	 a	 global	 pooled	 prevalence	 of	 approximately	 4	

percent.3	The	prevalence	of	 IBS	 is	 greater	 in	women	 than	men,	 as	well	 as	being	more	

prevalent	in	individuals	under	the	age	of	50	years.4	It	is	characterised	by	symptoms	of	

abdominal	 pain	 and	 altered	 bowel	 habit.1	 It	 is	 associated	with	 substantial	 healthcare	

impairment	and	healthcare	utilisation,5	with	a	total	per	capita	cost	estimated	of	almost	

3,000	euros	per	year	in	Europe.6		

	

IBS	 is	 diagnosed	 when	 patients	 with	 characteristic	 bowel	 symptoms	 have	 organic	

pathology	 excluded.	 This	 should	 be	 performed	 following	 a	 clinical	 history,	 physical	

examination	and	minimal	laboratory	tests.	If	alarm	features	are	absent,	then	a	positive	

diagnosis	of	IBS	can	be	made.	If	alarm	features	are	present	then	invasive	investigations	

such	as	a	colonoscopy	or	other	appropriate	tests	are	considered	before	a	diagnosis	of	IBS	

is	 reached.1	 Alarm	 features	 include	 unexplained	 rectal	 bleeding,	 unintentional	weight	

loss,	anaemia	or	a	family	history	of	colorectal	cancer.1	Over	the	years,	diagnostic	criteria	

have	been	developed	to	make	the	diagnosis	of	IBS.	Initially	the	Manning	and	Kruis	criteria	

were	used,7,8	but	have	fallen	out	of	favour.	The	Manning	criteria	may	have	fallen	out	of	

favour	as	it	was	unable	to	distinguish	between	subtypes	of	IBS,	whilst	the	Kruis	criteria	
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was	 found	 to	 be	 too	 cumbersome	 to	 use	 in	 clinical	 practice.2	 Since	 the	 1990s,	 a	

multinational	working	party	of	international	experts	in	the	field	for	FGIDs,	termed	the	

Rome	foundation	(after	the	birthplace	of	its	conception),	provide	expert	guidance	on	the	

diagnosis	and	management	of	FGIDs	such	as	IBS.	The	Rome	criteria	have	been	updated	

over	the	years	since,	following	increasing	scientific	evidence,	and	as	of	2016	published	its	

fourth	iteration.2		

	

The	Rome	IV	criteria	states	that	recurrent	abdominal	pain	must	be	present	at	least	1	day	

per	week,	and	in	association	with	two	or	more	of	the	of	the	following	criteria:	change	in	

frequency	of	 stool,	 change	 in	 form	of	stool,	 or	 related	 to	defecation.1	Criteria	must	be	

fulfilled	for	the	last	3	months,	with	symptom	onset	at	least	6	months	before	diagnosis.1	

The	main	subtypes	of	IBS	are	diarrhoea-predominant	(IBS-D),	constipation-predominant	

(IBS-C)	 and	 mixed-type	 (IBS-M).	 Individuals	 who	 do	 not	 fit	 these	 classifications	 are	

labelled	as	unclassified	IBS	(IBS-U).1		

	

The	pathophysiology	of	IBS	is	still	not	fully	understood,	but	the	prevailing	hypothesis	is	

that	 it	 is	a	disorder	of	brain-gut	 interaction,	as	characterised	by	alterations	in	visceral	

hypersensitivity,	 gut	 immunity,	 enteric	 motor	 function	 disturbances	 and	 central	

processing.	The	intestinal	microbiota	has	also	been	shown	to	be	perturbed	in	a	subset	of	

IBS	subjects	compared	to	healthy	controls,	with	its	interactive	crosstalk	at	the	intestinal	

mucosal	border	possibly	contributing	towards	the	pathophysiology	of	IBS.	Factors	that	

may	contribute	to	this	dysregulated	brain-gut	axis	include	genetic	predisposition,	chronic	

stress,	inflammation/infection,	and	environmental	triggers	such	as	diet,	motility,	visceral	

hypersensitivity,	genetic	and	psychosocial	factors.9,10	
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1.2	The	Role	of	Diet	in	Irritable	Bowel	Syndrome	

The	majority	 of	 individuals	with	 IBS	 experience	 symptoms	 following	 the	 ingestion	 of	

food,	with	approximately	two	thirds	of	individuals	noting	this.11-13	Food	intolerances	are	

defined	as	non-immunological	 responses	 to	 food	or	 components	of	 food	at	doses	 that	

would	 normally	 be	 tolerated.14	 They	 have	 been	 described	 for	 over	 30	 years,15	 with	

exclusion	diets	leading	to	symptomatic	improvement	in	individuals	with	IBS.16	Despite	

promise	being	shown	several	years	ago	with	regards	to	exclusion	and	elimination	diets,	

concerns	remained.	This	was	highlighted	by	a	systematic	review	of	eight	studies,	which	

demonstrated	 a	 wide	 response	 rate,	 which	 could	 be	 attributed	 to	 factors	 including	

inadequate	patient	selection,	poor	exclusion	diets	and	poor	adherence.17	It	appears	that	

the	 historical	 ‘lamb,	 rice,	 pears’	 diet	 in	 the	 early	 1980s	 could	 not	 be	 replicated	 with	

success.18	This	was	a	diet	of	lamb,	rice	and	pears	in	studies	of	182	patients	between	1979	

and	1982,	which	resulted	in	a	67%	success	rate.18	

	

Over	the	last	decade,	there	has	been	a	renewed	interest	in	the	role	of	dietary	therapies	in	

IBS.	 First	 line	 dietary	 advice	 for	 IBS	 has	 focussed	 on	 healthy	 eating	 and	 lifestyle	

management,	which	is	recommended	both	by	the	National	Institute	for	Health	and	Care	

Excellence	 (NICE)	 and	 British	 Dietetic	 Association	 (BDA)	 guidelines.19,20	 However,	

research	 recently	 has	 focussed	 on	 the	 role	 of	 the	 low	 fermentable	 oligo-,	 di-,	 mono-	

saccharides	and	polyols	(FODMAPs)	diet	and	gluten	free	diet	(GFD)	in	IBS.		

	

1.3	Traditional	Dietary	Advice	in	IBS	

Both	the	BDA	and	NICE	guidelines	recommend	traditional	dietary	advice	(TDA)	as	first	

line	 dietary	 therapy,	 based	 upon	 dietary	 and	 lifestyle	 management.19,20	 Practical	

considerations	from	the	BDA	suggest	reducing	common	dietary	triggers	of	IBS	such	as	
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alcohol,	 caffeine,	 spicy	 meals,	 and	 fatty	 foods.	 The	 evidence	 statements	 for	 these	

interventions	are	graded	as	Grade	C	evidence	by	the	BDA,	meaning	that	the	statements	

are	supported	by	limited	evidence	or	expert	opinion.	Whilst	no	studies	met	the	criteria	

for	a	systematic	review	of	fluid	intake	due	to	a	lack	of	evidence,	a	gradual	increase	in	fluid	

intake	is	recommended	by	the	BDA	as	a	practical	consideration.19		

	

The	BDA	guidelines	also	reviewed	the	restriction	of	milk	and/or	dairy	products,	with	the	

practical	consideration	of	lactose	restriction	to	be	considered	as	part	of	the	low	FODMAP	

diet,	 rather	 than	 in	 isolation.	 Lactose	 restriction	 was	 only	 demonstrated	 to	 provide	

marginal	symptom	benefit	in	isolation.		There	was	no	high	quality	evidence	that	a	milk-

free	 diet	 improves	 IBS	 symptoms,	 with	 cow’s	 milk	 protein	 elimination	 in	 atopic	

individuals	being	recommended	to	be	conducted	by	allergy-experienced	dietitians	only.19	

	

Evidence	statements	have	also	been	made	by	the	BDA	with	regards	to	fibre,	being	graded	

as	Grade	C	evidence.	Wheat	bran	fibre,	as	well	as	increasing	dietary	fibre	from	cereals	and	

fruits	failed	to	demonstrate	symptom	improvement	in	IBS.	Ground	and	whole	linseeds	as	

a	 dietary	 supplement	 in	 IBS	 are	 well-tolerated,	 but	 evidence	 on	 effectiveness	 is	

conflicting.	The	BDA	suggested	that	the	evidence	for	dietary	supplementation	of	psyllium	

husk	 to	 improve	 symptoms	 in	 IBS	and	 IBS-C	was	 insufficient,19	 although	a	 systematic	

review	and	meta-analysis,	not	included	in	the	BDA	guidelines,	demonstrated	empirical	

evidence	for	its	use.21		

	

Like	the	BDA,	NICE	has	also	outlined	quality	standards	 for	 the	dietary	management	of	

IBS.20	 These	 include	 general	 lifestyle	 and	 dietary	 advice,	 increasing	 activity	 levels,	

relaxation	time,	regular	meals,	increased	fluid	intake,	limiting	alcohol	and	caffeine,	less	



19 
 

than	three	portions	of	fresh	fruit	per	day,	avoiding	sorbitol	(a	sugar	commonly	found	in	

sweeteners	and	chewing	gum)	and	adjustments	to	fibre	(Table	5).20		

	

It	 is	 worth	 noting	 that	 the	 evidence	 for	 TDA	 is	 based	 upon	 a	 combination	 of	 clinical	

experience	and	case-control	studies,	rather	than	RCTs	assessing	this	approach	against	a	

control	treatment.5		

 

1.4	The	low	FODMAP	Diet	in	IBS	

1.4.1	Evidence	to	Date	

A	low	FODMAP	diet	is	recommended	currently	as	a	dietary	therapy	that	can	be	used	in	

IBS,19,22	with	it	being	recommended	as	second-line	dietary	therapy	by	the	BDA,	NICE	and	

British	Society	of	Gastroenterology	(BSG)	guidelines.5,19,20		

	

FODMAPs	consist	of	oligosaccharides,	such	as	fructans	(e.g.	wheat,	garlic	and	onion)	and	

galacto-oligosaccharides	(e.g.	pulses	and	 legumes),	disaccharides	 including	lactose	(e.g	

dairy	products),	monosaccharides	including	fructose	in	excess	of	glucose	(e.g.	fig,	honey)	

and	polyols,	such	as	mannitol	(e.g.	cauliflower),	sorbitol	(e.g.	stoned	fruit)	and	xylitol	(e.g.	

sugar-free	gum).23,24		

	

In	 terms	 of	 FODMAP	 composition,	 extensive	 work	 has	 been	 performed	 by	 Monash	

University	 Department	 of	 Gastroenterology	 in	 determining	 the	 quantity	 of	 FODMAP	

composition	for	hundreds	of	foods.25	Examples	of	low	FODMAP	foods	include	oranges,	

courgettes	and	gluten-free	bread.	Likewise,	high	FODMAP	foods	include	apples,	onions,	

and	haricot	beans	(Table	5).25	
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There	are	two	primary	mechanisms	by	which	FODMAPs	are	thought	 to	be	 involved	 in	

symptom	generation	in	IBS.	Firstly,	small	intestinal	water	content	has	been	shown	to	be	

increased	in	individuals	following	FODMAPs.26	A	randomised	cross-over	single-blinded	

study	 in	 twelve	 ileostomates	 demonstrated	 an	 increase	 in	water	 content	 by	 20%	 on	

individuals	 on	 a	 high	 FODMAP	 diet	 compared	 to	 a	 low	 FODMAP	 diet.27	 Likewise,	 the	

polyol,	mannitol,	has	been	 shown	 to	 increase	small	bowel	water	 content	 compared	 to	

glucose.28	It	is	thought	that	the	increase	in	luminal	water	content	may	induce	abdominal	

pain	 and	 bloating	 in	 individuals	 with	 visceral	 hypersensitivity.26	 It	 has	 also	 been	

hypothesised	that	the	increase	in	small	intestinal	water	content	may	contribute	to	loose	

stools	and	diarrhoea.26	Secondly,	as	FODMAPs	are	fermented	in	the	large	bowel,	which	

leads	to	the	accumulation	of	colonic	gas,	including	hydrogen	and	methane.26	Both	healthy	

individuals,	 as	well	 as	 individuals	with	 IBS,	 have	 been	 shown	 to	have	 similar	 luminal	

distention	 following	 fructans	 (a	 FODMAP),	 as	 demonstrated	 by	 magnetic	 resonance	

imaging	 (MRI).29	 However,	 patients	 with	 IBS	 may	 have	 increased	 visceral	

hypersensitivity,	which	 is	 likely	 to	 be	 the	 pathophysiological	mechanism	 in	 symptom	

generation.30		

	

The	implementation	of	a	low	FODMAP	diet	can	be	either	via	the	‘top-down’	or	‘bottom-

up’	approach.	The	‘top-down’	approach	involves	a	strict	reduction	initially	of	all	FODMAP	

groups	for	4	to	8	weeks,	with	4	weeks	being	generally	recommended	as	the	time	frame	

for	clinical	practice.31	Individuals	are	advised	on	food	sources	for	each	FODMAP	group	

and	how	these	can	be	excluded	without	impacting	on	dietary	quality.	At	the	end	of	the	

first	 appointment,	 individuals	 should	 be	 advised	 on	 how	 to	 incorporate	 the	 FODMAP	

restriction	into	their	daily	life,	including	planning	shopping,	adherence	and	food-related	

social	activities.	It	is	advised	that	45-60	mins	is	required	for	this	first	appointment.23	After	
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the	FODMAP	restriction	phase	is	complete,	there	is	a	period	of	FODMAP	re-introduction,	

where	 if	 symptoms	 have	 improved	 on	 a	 strict	 low	 FODMAP	 diet,	 specific	 FODMAP	

triggers	 and	 doses	 that	 generate	 symptoms	 are	 identified.	 This	 stage	 involves	

maintaining	a	strict	reduction	of	FODMAPs	whilst	undergoing	food	challenges,	where	a	

food	high	in	one	FODMAP	is	tested	over	3	days	at	increasing	doses.	This	is	used	to	assess	

tolerance	to	each	FODMAP	group.	If	the	challenge	results	in	no	symptoms,	the	food	can	

be	incorporated	into	their	diet.	However,	if	there	is	a	substantial	increase	in	symptoms,	

the	 challenge	 is	 stopped.	 A	 decision	 is	 then	made	whether	 the	 food	 group	 should	 be	

avoided	 partially	 or	 completely,	 dependent	 upon	 the	 severity	 of	 the	 symptoms.	 It	 is	

advised	 that	 an	 appointment	 of	 20-30	 minutes	 of	 duration	 is	 required	 to	 advise	 on	

initiation	 of	 this	 process.23	 	 The	 final	 phase	 is	 FODMAP	personalisation,	where	 a	 less	

restrictive	 diet	 is	 followed,	where	 FODMAPs	which	 induce	 symptoms	 are	 excluded	 in	

addition	 to	a	varied	and	nutritionally	adequate	dietary	 intake.31	 Individuals	who	have	

already	undergone	the	re-introduction	phase	generally	can	implement	this	phase	without	

the	need	for	a	further	appointment	for	advice.	 In	this	phase,	individuals	should	aim	to	

follow	a	diverse	diet,	where	FODMAP	restriction	if	continued,	but	FODMAPs	which	did	

not	induce	symptoms	during	the	reintroduction	phase	are	included.	23	

	

The	 ‘bottom-up’	 approach,	 which	 is	 less	 commonly	 used,32	 and	 less	 well	 studied,33	

involves	the	reduction	of	a	few	targeted	FODMAPs,	or	a	reduction	of	a	few	foods	which	

contain	a	very	high	FODMAP	content	for	4-8	weeks,	followed	by	further	restrictions	of	

FODMAPs	only	if	required.34		

	

The	potential	benefits	of	a	low	FODMAP	diet	were	hypothesised	by	Gibson	and	colleagues	

at	Monash	University,	Australia.35	This	was	followed	by	the	group	focussing	on	the	effect	
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of	implementing	the	low	FODMAP	diet	in	IBS.36	The	group	initially	set	out	to	evaluate	an	

effective	 dietary	 therapy	 in	 patients	 with	 fructose	 malabsorption	 and	 IBS.	 In	 this	

retrospective	 study,	 62	 patients	 presenting	 consecutively	 with	 IBS	 and	 fructose	

malabsorption	underwent	dietary	instruction,	comprising	avoidance	of	substantial	free	

fructose	and	short-chain	fructans,	as	well	as	total	dietary	fructose	load.	Individuals	were	

identified	as	having	fructose	malabsorption	having	had	a	positive	hydrogen	breath	test.37	

Glucose	 was	 also	 balanced	 with	 free-fructose,	 as	 in	 the	 presence	 of	 luminal	 glucose,	

fructose	absorption	is	markedly	enhanced.	Adherence	and	effect	on	abdominal	symptoms	

were	assessed	via	telephone	interview,	with	a	positive	response	to	abdominal	symptoms	

being	 identified	 in	 those	adherent	 to	 the	diet	versus	those	non-adherent	(85%	versus	

36%,	 p<0.01).37	 The	 same	 group	 subsequently	 conducted	 a	 double-blind	 placebo-

controlled	(DBPC)	re-challenge	trial	in	26	patients	with	IBS	and	fructose	malabsorption,	

recruited	over	a	5-month	period	from	a	hospital	based	dietetic	practice.	Patients	were	

provided	all	food,	low	in	free	fructose	and	fructans,	with	random	graded	introduction	of	

fructose,	 fructans,	 alone	 or	 in	 combination,	 or	 glucose.	 Patients	 receiving	 fructose,	

fructans	 or	 a	 combination	 noted	 symptoms	 of	 IBS	were	 not	 adequately	 controlled	 in	

comparison	to	those	receiving	glucose	(p<0.002).	This	study	demonstrated	that	dietary	

fructose	or	fructans	was	likely	to	be	responsible	for	symptom	generation	in	IBS.38		

	

Since	these	initial	studies,	there	have	been	several	studies	evaluating	the	role	of	a	low	

FODMAP	 diet	 in	 IBS.	 Feeding	 studies,	 often	 seen	 as	 the	 gold	 standard	 in	 dietary	

intervention	 trials,	 have	 shown	 symptom	 improvement	 in	 patients	 receiving	 a	 low	

FODMAP	diet.	A	 controlled	 cross-over	 feeding	study	demonstrated	 lower	GI	 symptom	

scores	in	patients	given	a	low	FODMAP	diet,	compared	with	a	typical	Australian	diet	and	

the	 participants’	 own	 diet.39	 Thirty	 patients	 with	 IBS,	 and	 8	 healthy	 controls	 were	
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recruited	 for	 the	 study.	 Participants,	who	had	 not	 received	 dietary	 advice	 previously,	

received	3	weeks	of	a	diet	low	in	FODMAPs,	or	typical	Australian	diet,	with	a	washout	

period	 of	 at	 least	 3	 weeks	 before	 crossover.	 The	 study	 demonstrated	 lower	

gastrointestinal	 symptom	 scores	 on	 a	 diet	 low	 in	 FODMAPs	 in	 comparison	 with	 an	

Australian	diet	(p<0.001).	Despite	this	statistically	significant	result,	the	benefits	of	the	

low	 FODMAP	 diet	 from	 this	 study	 have	 been	 debated.	 Krogsgaard	 et	 al	 	 noted	 that	

participants	on	 the	 control	 diet	had	 a	 significant	 difference	 in	 overall	 gastrointestinal	

symptoms	on	a	100mm	visual	analogue	scale	(VAS)	compared	with	the	baseline	diet	(VAS	

44.9mm	versus	36.0mm,	p<0.001).40	It	was	suggested	that	this	may	have	been	attributed	

to	the	higher	FODMAP	content	of	 the	control	diet	versus	the	baseline	diet,	which	may	

have	led	to	favourable	benefits	of	the	low	FODMAP	diet	seen	in	the	study.40			

	

There	have	been	several	Randomized	Controlled	Trials	(RCTs)	published	demonstrating	

the	benefits	of	a	low	FODMAP	diet	in	IBS,	with	Table	1	outlining	some	of	these.39,41-48	The	

first	 meta-analysis	 of	 the	 low	 FODMAP	 diet	 in	 IBS,	 analysing	 6	 RCTs	 and	 16	 non-

randomized	studies	demonstrated	its	benefits.	A	statistically	significant	decrease	in	IBS	

symptom	 severity	 scores	 (IBS-SSS),	 IBS-quality	 of	 life	 score,	 symptom	 severity	 for	

abdominal	pain,	bloating	and	overall	symptoms	were	demonstrated	in	both	the	RCTs	and	

non-randomized	studies.49	Out	of	all	the	GI	symptoms	reviewed	in	the	meta-analysis,	a	

low	FODMAP	diet	led	to	the	least	improvement	in	symptoms	of	constipation,	which	may	

be	attributed	to	the	low	fibre	content	of	the	diet,49	with	the	low	FODMAP	diet	being	shown	

to	reduce	small	intestinal	water.27	Therefore,	it	is	possible	that	patients	with	symptoms	

of	 IBS	and	constipation	may	need	other	adjuncts	 in	addition	to	a	 low	FODMAP	diet	 to	

derive	 benefits.	 However,	 recently	 there	 has	 been	 evidence	 to	 suggest	 there	 is	 no	

significant	difference	in	fibre	content	between	a	habitual	diet	and	adapted	low	FODMAP	
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diet	in	the	longer	term.50	It	has	also	been	suggested	that	the	Rome	IV	sub	classification	is	

of	 little	 use	when	 assessing	 the	 effect	 of	 the	 low	FODMAP	diet,	 as	 the	 therapy	 is	 not	

directed	at	specific	effects	on	bowel	habits	in	view	of	its	mechanism	of	action.51	

	

However,	a	systematic	review	focusing	on	the	quality	of	nine	RCTs	of	a	low	FODMAP	diet	

in	IBS	suggested	a	high	risk	of	bias	in	trials.52	Concerns	raised	included	small	numbers	of	

patients	being	used,	with	patients	being	recruited	primarily	from	tertiary	centres,	as	well	

as	 issues	 regarding	 blinding	 and	 choice	 of	 control	 group.52	 The	 control	 group	 has	

sometimes	been	a	high	FODMAP	content	diet,45	 thus	exaggerating	 the	effects	of	 a	 low	

FODMAP	diet.	Also,	feeding	studies	may	not	be	pragmatic	as	they	are	not	strictly	‘real-life’	

as	all	meals	are	prepared	for	patients.	A	systematic	review,	where	five	studies	of	the	low	

FODMAP	diet	 in	 IBS	were	 identified,	 deemed	 that	 the	 quality	 of	 evidence	 for	 the	 low	

FODMAP	diet	was	only	fair	(Level	II),	with	little	evidence	to	support	a	recommendation	

for	or	against	a	low	FODMAP	diet	in	IBS	(Grade	C)	on	the	basis	of	the	studies	reviewed.53		

	

In	terms	of	magnitude	of	benefit	of	the	low	FODMAP	diet,	a	recent	meta-analysis,	where	

nine	 parallel	 trials	 and	 three	 crossover	 studies	were	 included,	 demonstrated	 that	 IBS	

severity	was	reduced	by	a	moderate	to	large	extent,	when	compared	to	a	control	diet.54	

When	studies	using	the	IBS-SSS	were	analysed,	the	magnitude	of	improvement	was	noted	

to	be	45	points	(Figure	1).54	Of	note,	the	IBS-SSS	is	measured	on	a	scale	of	0-500,	with	a	

reduction	in	50	points	noted	to	be	clinically	significant	in	the	literature.55	In	view	of	the	

heterogeneity	of	outcome	measures	used	in	studies,	it	is	currently	difficult	to	quantify	the	

true	magnitude	of	benefit	of	the	low	FODMAP	diet.	 



25 
 

Table	1	Summary	of	key	RCTs	investigating	the	short-term	effect	of	the	low	FODMAP	diet	in	patients	with	IBS24,56	

Lead	Author	for	
Study	 Year	 Study	

Design		

Study	
Duration	

Total	Number	of	
Participants	in	
Study	

Intervention		 Outcome	

Staudacher	41	 2012	 Unblinded	
RCT	

	
4	weeks	

	
41	patients	with	
IBS	

	
Habitual	diet	n=22		
Low	FODMAP	diet	n=19	

	
Greater	adequate	control	of	GI	symptoms	
on	patients	with	low	FODMAP	diet	
(13/19)	versus	habitual	(5/22)	(p=0.005)	

Pedersen	
42	 2014	 Unblinded	

RCT	

	
	
6	weeks		

	
	
123	patients	with	
IBS		

	
	
Low	FODMAP	diet	n=42	
Lactobacillus	rhamnosus	GG	
diet	(probiotic)	n=41	
Normal	diet	(Danish)	n=40	

	
	
Reduction	in	IBS-SSS	in	low	FODMAP	
diet	in	comparison	to	Danish	diet	(IBS-SSS	75,	
p<0.01)	

Halmos	
39	 2014	

Single	blind	
crossover	
RCT	

	
21	days	

	
30	patients	with	
IBS	and	8	healthy	
individuals	

	
All	participants	received	diet	
low	in	FODMAPs	and	
Australian	diet	

	
Reduction	in	overall	gastrointestinal	symptom	
score	on	low	FODMAP	diet	versus	Australian	
diet	(22.8	versus	44.9,	p<0.001)	

	
Bohn	43		

	
2015	

	
Single	blind	
RCT	

	
	
6	weeks	

	
	
75	patients	with	
IBS	

	
	
Low	FODMAP	diet	n=38	
Traditional	dietary	advice	
n=37	

	
	
No	difference	in	IBS-SSS	between	low	
FODMAP	diet	and	traditional	diet	(p=0.62)	
	

Eswaran	44	 2016	 Unblinded	
RCT	

	
	
4	weeks	

	
92	patients	with	
IBS-D	

	
Low	FODMAP	diet	n=45	
Modified	NICE	guidelines	
n=39	

	
No	significant	difference	between	low	
FODMAP	diet	and	modified	NICE	guidelines	
with	regards	to	adequate	relief	of	symptoms	
(p=0.13)	
	

McIntosh	
45	 2017	 Single	blind	

RCT	

	
	
	
	
3	weeks	

	
	
	
37	patients	with	
IBS	

	
	
	
Low	FODMAP	diet	n=19	
High	FODMAP	diet	n=18	

	
	
Significant	difference	between	proportion	of	
patients	defined	as	responders	(IBS	symptom	
reduction	>50)	between	low	FODMAP	group	
versus	high	FODMAP	group	(p=0.01)	
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RCT:	Randomised	controlled	trial;	IBS:	Irritable	bowel	syndrome;	FODMAP:	Fermentable	oligo-,di-,mono-	saccharides	and	polyols;	NICE:	National	Institute	of	
Clinical	Excellence;	IBS-SSS:	Irritable	bowel	syndrome	symptom	severity	score	
	
	
	
	
	
	
	
	
	

	
	

Staudacher	
46	 2017	 Single	blind	

RCT	

	
	
4	weeks	

	
104	patients	with	
IBS	

Sham	diet/placebo	n=27,	
Sham	diet/probiotic	n=26,	
Low	FODMAP	diet/placebo,	
n=24,	Low	FODMAP	
diet/probiotic	n=27	

Significantly	lower	IBS-SSS	in	patients	on	low	
FODMAP	diet	versus	sham	diet	(p=0.001)	

	
Hustoft	
48	

2017	

	
Double	
blind	
crossover	
RCT	

	
6	weeks	

	
20	patients	with	
IBS-D/IBS-M	

	
All	participants	received	
placebo	and	low	FODMAP	
diet	

	
Significant	improvement	of	all	symptoms	
following	3	weeks	of	low	FODMAP	diet	with	
mean	reduction	of	IBS-SSS	163.8	

Zahedi57	 2017	 Unblinded	
RCT	 6	weeks		 110	patients	with	

IBS-D	
Low	FODMAP	diet	n=55	
General	dietary	advice	n=55	

Greater	improvement	in	IBS-SSS	on	low	
FODMAP	diet	versus	general	dietary	advice	
(IBS-SSS	at	6	weeks,	108	vs	150;	p<0.001)	
	

Patcharatrakul58	 2019	 Unblinded	
RCT		 4	weeks	 70	patients	with	

IBS	

Low	FODMAP	diet	n=33	
Commonly	recommended	diet	
to	reduce	IBS	symptoms	n=33	

60%	response	rate	to	low	FODMAP	diet	
(defined	as	30%	decrease	in	average	of	daily	
worst	abdominal	pain/discomfort	after	4	
weeks)	in	comparison	to	28%	on	commonly	
recommended	diet	(p=0.001)	

Goyal59	 2021	 Unblinded	
RCT		 16	weeks	 101	patients	with	

IBS-D	

Low	FODMAP	diet	n=52	
Traditional	dietary	advice	
n=49	

	
Response	(defined	as	reduction	in	IBS-SSS	of	
³50	points)	to	low	FODMAP	diet	significantly	
higher	than	TDA	group	at	week	4	(63%	vs	
41%,	p=0.04)	and	week	16	(53%	vs	31%,	
p=0.03)	
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Figure	1	Forest	plot	showing	mean	IBS-SSS	scores	from	meta-analysis	by	van	Lanen	et	al54																																	

 
This	figure	has	been	reproduced	from	van	Lanen	AS,	de	Bree	A,	Greyling	A.	Efficacy	of	a	low-FODMAP	diet	in	adult	irritable	bowel	syndrome:	a	systematic	review	
and	meta-analysis.	Eur	J	Nutr.	2021	Sep;60(6):3505-3522.	doi:	10.1007/s00394-020-02473-0.	This	is	Figure	3	within	this	article.54	 
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1.4.2	Low	FODMAP	diet	versus	other	therapies	

With	the	emerging	data	about	the	role	of	a	low	FODMAP	diet	in	IBS,	a	number	of	questions	

still	 remain.	 It	 is	 currently	 unclear	 whether	 the	 low	 FODMAP	 diet	 provides	 greater	

symptom	benefit	versus	other	dietary	therapies.		

	

To	 date,	 there	 have	 been	 four	 studies	 comparing	 a	 low	 FODMAP	 diet	 to	 TDA	 for	

IBS.43,44,57,59	 A	multi-centre	 single-blind	 study	 in	 Sweden	 demonstrated	 no	 significant	

difference	 in	clinical	response	-	defined	as	a	50	point	reduction	 in	 IBS	severity	score	-	

between	a	low	FODMAP	diet	versus	traditional	IBS	diet	over	a	6	week	period	(50%	vs.	

46%	p=0.72).43	There	was	also	no	difference	seen	in	a	single-centre	study	from	the	United	

States	between	a	low	FODMAP	diet	and	a	modified	NICE	diet	(52%	reported	adequate	

relief	of	symptoms	in	low	FODMAP	group	versus	41%	of	modified	NICE	diet,	p=0.13).44	

However,	 in	 this	 study,	 the	 low	 FODMAP	 diet	 did	 result	 in	 a	 higher	 proportion	 of	

abdominal	pain	responders	versus	the	modified	NICE	diet	(51%	versus	23%,	p=0.008).44	

In	contrast,	a	RCT	from	Iran	found	the	low	FODMAP	diet	to	be	significantly	superior	to	

TDA	with	 regards	 to	 improving	overall	 gastrointestinal	 symptom	scores	 (IBS-SSS	at	6	

weeks,	108	vs	150,	p<0.001).57	Most	recently,	a	study	in	India	demonstrated	superiority	

of	the	low	FODMAP	diet	(defined	as	a	50	point	reduction	in	IBS	severity	score)	at	both	the	

short	term	restrictive	phase	(4	weeks),	as	well	as	following	the		re-introduction	phase	

(16	weeks)	in	comparison	to	TDA	(week	4;	63%	vs	41%,	p=0.04,	week	16;	53%	vs	31%,	

p=0.03).59	

	

The	discrepancy	in	results	between	these	studies	may	be	accounted	for	by	differences	in	

the	 amount	 of	 gas-producing	 foods	 (i.e.	 FODMAPs)	 being	 eliminated	 within	 the	 TDA	
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control	group.	For	example,	the	study	from	Sweden	advised	individuals	to	reduce	intake	

of	beans/cabbage/onions	based	on	historical	traditional	dietary	guidance,	43	whereas	the	

studies	 from	 the	United	States,	 Iran	and	 India	allowed	 for	 their	 consumption.44,57	 It	 is	

worth	 noting	 that	 the	 BDA	 guidance	 from	 2016	 does	 not	 recommend	 reducing	 gas-

producing	foods	as	part	of	TDA,	as	this	would	be	considered	as	being	within	the	realms	

of	 a	 low	 FODMAP	 diet	 approach.19	 Further	 research	 in	 this	 area	 is	 required	 before	

definitive	conclusions	can	be	made.		

	

Currently,	 there	 are	 no	 RCTs	 comparing	 the	 efficacy	 of	 the	 low	 FODMAP	 diet	 in	

comparison	 to	 the	 GFD.	 However,	 there	 has	 been	 a	 recent	 study	 in	 Italy,	 where	 42	

consecutive	outpatients	with	IBS	were	recruited,	receiving	the	low	FODMAP	diet,	gluten	

free	diet	 and	Mediterranean	diet,	 each	over	a	 4	week	period,	with	a	4	week	washout	

period.60	Whilst	all	three	diets	showed	improvements	in	abdominal	bloating,	abdominal	

pain	 and	 IBS-SSS	 score,	 individuals	 on	 the	 low	 FODMAP	 diet	 showed	 superiority	 in	

improving	abdominal	bloating	in	comparison	to	the	GFD.60	Interestingly,	the	majority	of	

participants	(86%)	expressed	preference	for	the	Mediterranean	diet,	in	comparison	to	

the	GFD	(11%)	and	low	FODMAP	diet	(3%);	p<0.01.60	This	study	highlights	the	challenges	

of	adhering	to	more	complex	diets,	such	as	the	low	FODMAP	diet	and	GFD.		

	

It	is	unclear	whether	the	low	FODMAP	diet	has	any	benefit	in	comparison	to	alternate	

non-dietary	therapies	currently.	A	RCT	comparing	yoga	versus	a	low	FODMAP	diet	did	

not	 demonstrate	 difference	 in	 outcomes	 between	 groups,61	 with	 another	 study	

demonstrating	 no	 difference	 in	 overall	 gastrointestinal	 symptoms	 between	 the	 low	

FODMAP	diet	and	gut-directed	hypnotherapy.62	
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1.4.3	Long-term	outcomes	

The	majority	of	data	have	focused	on	the	role	of	the	low	FODMAP	diet	in	IBS,	with	short	

term	endpoints,	and	a	lack	of	long-term	data.	However,	long-term	adherence	to	the	low	

FODMAP	diet	appears	to	be	good,	with	a	prospective	observational	study	demonstrating	

75%	 adherence	 to	 an	 adapted	 low	 FODMAP	 diet	 after	 a	 median	 follow	 up	 of	

approximately	16	months,	with	70%	of	patients	satisfied	with	their	symptoms.63	This	is	

also	supported	by	other	studies,	with	adherence	reported	as	77%	(46/62	patients)	in	a	

retrospective	study	of	IBS	patients,	where	there	was	avoidance	of	short	chain	fructans	

and	excess	free	fructose.	Adherence	in	this	study	was	assessed	via	telephone	interview	

with	a	median	 follow	up	of	14	months.37	A	retrospective	pilot	study	 in	72	consecutive	

patients	with	 inflammatory	bowel	disease	 (IBD)	and	concurrent	 functional	 symptoms	

demonstrated	adherence	between	54%	and	70%,	depending	on	the	food	group	excluded,	

with	a	median	follow	up,	via	telephone	interview,	of	17	months.64	

	

There	are	concerns	that	patients	may	continue	on	a	strict	low	FODMAP	diet	long-term,	

without	 adequate	 re-introduction	 of	 FODMAPs	 as	 tolerated.	 A	 retrospective	 study	

demonstrated	 that	 a	 minority	 of	 patients	 (16%,	 29/180)	 continued	 on	 a	 strict	 low	

FODMAP	diet	without	re-introduction	at	long-term	(median	16	months).65		

	

However,	there	are	also	data	emerging,	demonstrating	the	benefits	of	a	low	FODMAP	diet	

in	the	long	term.	A	prospective	questionnaire	study	(n=103)	following	dietitian-led	low	

FODMAP	education	demonstrated	57%	of	patients	reported	relief	of	symptoms	at	long-

term	 follow-up,	 with	 82%	 continuing	 on	 an	 ‘adapted’	 low	 FODMAP	 diet,	 with	 no	

compromise	in	terms	of	nutritional	adequacy.50	The	long-term	benefits	of	an	‘adapted’	

low	FODMAP	diet	have	also	been	demonstrated	in	a	recent	parallel	design	study.	Fifty	
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patients	with	 IBS	were	 recruited	 through	gastroenterology	outpatient	 clinics,	with	23	

patients	being	commenced	on	a	low	FODMAP	diet	at	baseline,	followed	by	a	re-challenge	

of	FODMAPs	at	3	months.	A	statistically	significantly	lower	IBS-SSS	was	noted	at	3	months	

in	 the	 low	 FODMAP	 group	 (p<0.0002),	 which	 was	 sustained	 at	 6	 months,	 at	 the	 re-

introduction	phase	of	the	long-term	low	FODMAP	diet.47	A	recent	retrospective	study	in	

90	patients	highlighted	 that	patients	 following	 the	 low	FODMAP	diet	 experienced	 less	

abdominal	pain	compared	to	those	who	had	stopped	following	the	diet	(p=0.044).66	In	

addition,	the	majority	of	individuals	(80%)	were	on	the	low	FODMAP	diet	at	long	term	

follow	 up.66	 Interestingly,	 only	 15.5%	 of	 individuals	 were	 following	 the	 diet	 strictly,	

highlighting	the	challenges	of	strict	adherence	to	the	low	FODMAP	diet.66		

	

The	emerging	data	currently	suggests	the	efficacy	of	a	low	FODMAP	diet	in	the	long-term,	

with	an	‘adapted’	low	FODMAP	diet.	However,	studies	performed	have	been	variable	in	

study	design,	with	different	dietary	protocols,	making	 it	difficult	 to	make	comparisons	

between	studies.67	Table	2	outlines	some	of	the	key	studies	assessing	the	low	FODMAP	

diet	at	long	term	follow	up.		
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Table 2: Key Studies Assessing the Long-Term Effects of the Low FODMAP Diet in IBS24  

	
FODMAP, fermentable oligo-, di, mono- saccharides and polyol; IBS-SSS, irritable bowel syndrome symptom severity score; RCT, Randomised Controlled Trial 
	
	
	

Study Year Location Study Duration 
Number of 

participants on low 
FODMAP diet  

Proportion of individuals 
adherent to ‘adapted’ low 

FODMAP diet  

Long-term Findings 

de Roest63 2013 New 
Zealand 

Mean follow up 
of 15.7 months 

90 Not stated Symptom improvement including abdominal pain, bloating, flatulence and 
diarrhoea (p<0.001) 

Peters62 2016 Australia  6 months 24 All but 2 participants failed to 
achieve ‘adapted’ low FODMAP 

diet  

Reduction in overall gastrointestinal symptoms at 6 months on low 
FODMAP diet (-30, p<0.0001) 

Maagaard65 2016 Denmark Median follow 
up 16 months 

131 84% of individuals on ‘adapted’ 
low FODMAP diet  

Patient reported efficacy reported as partial in 54% and full in 32% of 
individuals of low FODMAP diet  

Harvie47 2017 New 
Zealand 

6 months  23  Not stated  Reduction in IBS-SSS on low FODMAP diet vs normal diet at 3 months 
(p<0.0002), reduction in IBS-SSS sustained at 6 months.   

O’Keeffe50 2017 United 
Kingdom  

6-18 months 103 82% of individuals continued on 
‘adapted’ low FODMAP diet  

 

57% patients received satisfactory relief of symptoms at long term 

Schumann61 2018 Germany  6 months  29 Not stated  Statistically significant improvement in IBS-SSS for both low FODMAP diet 
and yoga at weeks 12 and 24, with no difference between groups at week 12 

(p=0.151) and week 24 (p=0.08) 
 

Weynants66 2019 Belgium Median follow 
up of 99.5 

weeks 
 

90 15.5% of participants still on strict 
phase of low FODMAP diet 

Patients still following low FODMAP diet experienced less severe abdominal 
pain than those who stopped the diet or those who never started the diet 

(p=0.044) 

Bellini67 2020 Italy  6-24 months  73 81% advised to go on ‘adapted’ 
low FODMAP diet 

83% reported a clinically significant relief of symptoms at long term. 
However, 44% drop out rate from baseline.  
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1.4.4	Nutritional	adequacy		

Nutritional	inadequacies	are	a	potential	concern	using	the	low	FODMAP	approach.	A	RCT	

in	41	patients	with	IBS	demonstrated	a	statistically	significant	reduction	in	calcium	intake	

(p=0.016)	 in	 those	on	 a	 low	FODMAP	diet,	 compared	with	 their	habitual	 diet,	 after	 4	

weeks.41	A	significant	reduction	in	energy	intake	has	also	been	demonstrated	in	patients	

following	a	low	FODMAP	diet	(p<0.001),	in	a	RCT	comparing	the	low	FODMAP	diet	with	

TDA.43	This	may	be	a	potential	concern	in	those	at	risk	of	under	nutrition	who	continue	

to	 follow	this	diet	 in	 the	long-term.	However,	 there	was	also	a	significant	reduction	in	

energy	intake	in	those	following	TDA	(p=0.009),	which	suggests	that	this	concern	is	not	

unique	to	a	low	FODMAP	diet.43		

	

In	contrast,	a	RCT	in	104	patients	with	IBS	demonstrated	no	difference	in	total	energy	

intake,	macronutrient	intake	or	fibre	intake	between	the	low	FODMAP	diet	and	a	sham	

diet	at	short	term	follow	up.46	The	sham	diet	was	designed	to	be	an	exclusion	diet	that	

restricted	a	similar	number	of	staple	and	non-staple	foods	as	the	low	FODMAP	diet,	as	

well	as	being	of	a	similar	difficulty,	intensity	and	duration	of	the	low	FODMAP	diet,	whilst	

not	adversely	impacting	on	nutrient,	fibre	and	FODMAP	intake.46	The	findings	from	this	

study	were	supported	by	another	study,	 in	26	patients	with	 IBS,	where	no	 significant	

changes	in	energy,	macronutrient	and	fibre	intake	were	noted	following	8	weeks	of	a	low	

FODMAP	diet,68	highlighting	the	uncertainty	in	this	area.		

	

A	recent	study,	where	post	hoc	analysis	of	a	RCT	comparing	the	modified	NICE	(mNICE)	

diet	and	low	FODMAP	diet	demonstrated	fewer	daily	kilocalories	being	consumed	with	a	

lower	carbohydrate	intake.69	There	was	a	significant	decrease	from	baseline	with	several	
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micronutrients	 on	 the	 low	 FODMAP	 diet,	 which	 was	 not	 seen	 with	 the	 mNICE	 diet.	

However,	interestingly,	the	only	difference	which	remained	significant	after	correcting	

for	calorie	intake	was	riboflavin,	when	correcting	for	calorie-adjusted	nutrient	intake.69	

This	 study	 highlighted	 that	 many	micronutrient	 deficiencies	 reported	may	 disappear	

when	adjusting	for	energy	intake.		

	

In	the	long	term,	a	study	demonstrated	a	reduction	in	total	energy	and	fibre	intake	whilst	

on	 the	 low	 FODMAP	 diet.47	 However,	 there	 is	 emerging	 data	 that	 utilization	 of	 an	

‘adapted’	FODMAP	diet	may	be	nutritionally	adequate,	with	a	long	term	follow-up	postal	

questionnaire	study	demonstrating	no	significant	difference	in	carbohydrate	and	calcium	

intake	between	an	adapted	low	FODMAP	diet	and	habitual	diet	at	long	term	follow	up,	

between	6	to	18	months.50	Recently,	a	RCT	comparing	the	low	FODMAP	diet	to	traditional	

dietary	advice,	noted		a	reduction	in	energy,	carbohydrate,	fat	and	fibre	intake,	at	short	

term	follow	up	of	4	weeks	with	the	LFD,	although	this	gradually	improved	at	16	weeks.59	

	

Currently,	 there	 is	 uncertainty	 with	 regards	 to	 nutritional	 intake	 following	 the	 low	

FODMAP	diet,	both	at	short	and	long	term	follow	up,	with	further	research	required	to	

explore	this.		

	

1.4.5	Gut	microbiota		

The	microbiota	are	organisms	that	are	presented	in	the	environmental	habitat,	and	can	

be	bacteria,	 viruses	or	eukaryotes.70	The	human	microbiota	consists	of	10-100	trillion	

symbiotic	 microbial	 cells,	 primarily	 bacteria	 in	 the	 gut.71	 In	 short-term	 studies,	 a	

reduction	 in	 the	 concentration	 and	 proportion	 of	 luminal	 Bifidobacterium	 has	 been	
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demonstrated	 on	 a	 low	 FODMAP	 diet,41,72	 as	 well	 as	 a	 reduction	 in	 total	 bacterial	

abundance.73	 Bifidobacterium	 is	 known	 to	 be	 an	 important	 butyrate-producer	 in	 the	

colon,	with	butyrate	known	 to	be	a	 key	modulator	of	 colonic	health.74	A	 recent	 study	

demonstrated	 a	 lower	 abundance	 of	 Bifidobacterium	 in	 faecal	 samples	 on	 the	 low	

FODMAP	 diet,	 but	 demonstrated	 that	 co-administration	 of	 a	 multi-strain	 probiotic	

increased	numbers	of	Bifidobacterium	species.46	This	supplementation	could	potentially	

negate	concerns	of	a	reduction	in	Bifidobacterium	whilst	on	a	low	FODMAP	diet,	although	

further	studies	are	required.		

	

It	is	possible	that	bacterial	profiles	and	their	metabolomic	activity,	may	be	used	in	the	

future	to	predict	responsiveness	to	a	low	FODMAP	diet	and	thus	allow	for	personalised	

care.72,75	 A	 Swedish	 study	 found	 that	 responders	 to	 a	 low	 FODMAP	 diet	 could	 be	

discriminated	 from	non-responders	on	 the	basis	of	 faecal	bacterial	profiles,	with	non-

responders	 having	 a	 higher	 baseline	 dysbiosis	 index	 score.72	 Elsewhere,	 a	 UK	 study	

reported	 of	 patterns	 of	 faecal	 volatile	 organic	 compounds,	 as	 	 analysed	 by	 a	 gas-

chromatography,	 	 to	predict	responsiveness	to	a	 low	FODMAP	diet	with	almost	100%	

certainty.75	

	

A	recent	systematic	review	and	meta-analysis,	where	8	studies	were	reviewed,	which	had	

assessed	the	low	FODMAP	diet	and	gut	microbiome,	noted	that	several	different	methods	

were	used	for	assessment,	including	fluorescence	in	situ	hybridisation,	quantitative	real-

time	 polymerase	 chain	 reaction	 (PCR)	 and	 16s	 rRNA	 (ribosomal	 ribonucleic	 acid)	

sequencing	or	combinations	of.54		Where	microbial	diversity	was	measured,	no	effects	of	

the	 low	 FODMAP	 diet	 were	 noted.	 As	 mentioned	 above,	 the	 abundance	 of	 the	
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Bifidobacterium	species,	as	well	as	its	overarching	phylum	Actinobacteria	were	noted	to	

be	reduced	following	the	low	FODMAP	diet.54	

	

In	view	of	 the	different	methods	employed	to	assess	 the	gut	microbiome,	and	current	

uncertainty,	the	effects	of	the	low	FODMAP	diet	on	the	gut	microbiome	are	still	unclear.			

	

1.5	The	Role	of	Wheat	in	IBS	

1.5.1	Evidence	to	Date	

Wheat	 avoidance	 has	 been	 reported	 to	 be	 common	 in	 the	 general	 population,	 with	 a	

cross-sectional	 population	 survey	 in	 Australian	 adults	 demonstrating	 that	 10.6%	

(126/1184)	were	avoiding	wheat.76	This	was	where	individuals	were	avoiding	products	

containing	wheat.76	A	proportion	of	individuals	presenting	with	IBS	may	have	sensitivity	

to	 wheat.	 In	 a	 large	 retrospective	 study	 involving	 920	 patients	 fulfilling	 the	 Rome	 II	

criteria	 for	 IBS,	 30%	 (276/920)	 demonstrated	 wheat	 sensitivity	 or	 multiple	 food	

hypersensitivities	(including	wheat)	(Table	3).77	Patients	identified	as	‘wheat	sensitive’	

were	on	an	elimination	diet,	but	developed	symptoms	with	wheat,	 given	via	 capsules,	

using	a	DBPC	challenge.	This	was	where	individuals	received	either	the	intervention	or	

placebo,	with	participants	and	 researchers	unaware	of	what	 intervention	participants	

received.	Significant	increases	in	the	VAS	for	overall	symptoms,	bloating,	abdominal	pain	

and	stool	 consistency	were	demonstrated	 following	 the	wheat	 challenge.	To	date,	 this	

remains	 the	 only	 crossover	 DBPC	 trial	 assessing	 the	 WFD	 in	 IBS	 and	 has	 not	 been	

replicated.		
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Patients	identified	as	being	sensitive	to	wheat,	in	this	large	retrospective	study,77	were	

assessed	at	follow	up,	for	adherence	to	a	strict	WFD	using	structured	questionnaires.78	

This	prospective	 study	 involved	200	of	 the	previous	study	cohort	participants,	with	a	

median	follow	up	of	8	years	3	months.	Findings	demonstrated	that	74%	(148/200)	were	

still	adhering	to	a	strict	wheat	free	diet	at	follow-up;	ten	percent	(21/200)	were	strictly	

avoiding	wheat	but	consuming	other	gluten	containing	foods,	including	barley	and	rye,	

with	the	other	64%	(127/200)	on	a	strict	GFD.	Twenty-two	patients	from	the	study	who	

were	still	on	a	WFD,	consented	to	a	repeat	wheat	challenge.	It	was	noted	that	20	of	these	

22	patients	still	 reacted	 to	wheat.	This	highlights	 that	wheat	 sensitivity	 is	 likely	 to	be	

persistent.	

	

Dramatic	mucosal	responses	to	wheat	have	been	noted	via	confocal	endomicroscopy	in	

patients	with	IBS.	A	study	in	36	patients	demonstrated	immediate	and	dramatic	mucosal	

responses	to	several	antigens,	including	wheat	(n=13),	milk	(n=9),	yeast	(n=6)	and	soy	

(n=4).79	This	interesting	method	may	help	identify	patients	who	may	benefit	from	a	WFD,	

but	further	studies	are	required	to	assess	this.	
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Table	3	DBPC	trial	investigating	the	effect	of	a	wheat	free	diet	in	IBS	patients	56	

	

Lead	Author	
for	Study	 Year	 Study	Design		 Study	Duration	 Total	Number	of	

Participants	in	Study	
Intervention		 Outcome	

Carroccio	77	 2012	
Crossover	
DBPC	trial	

	
	
5	weeks	

	
276	patients	with	IBS	
identified	as	having	wheat	
sensitivity	

	
All	participants	received	
wheat	or	xylose	(placebo)	
capsules	

	
Increase	in	overall	
symptoms	
following	introduction	of	
wheat	
(p<0.0001)	
	

	
DBPC:	Double-blind	placebo-controlled;	IBS:	Irritable	bowel	syndrome	
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1.5.2	Unanswered	questions	

There	is	little	data	currently	on	the	risks	of	a	WFD.	Patients	consuming	a	WFD	commonly	

commence	a	GFD,78	and	it	could	be	inferred	that	the	risks	are	likely	to	be	similar	to	those	

of	 a	 GFD.	These	 risks	 include	 lower	 intakes	 of	magnesium,	 iron,	 zinc,	manganese	 and	

folate,	noted	from	studies	in	CD.80	Due	to	the	lack	of	data,	studies	are	required	in	this	area	

to	be	able	to	elucidate	the	quantifiable	risks.	

1.5.3	Wheat	components	and	IBS	

Several	components	of	wheat	have	been	suggested	as	the	causal	agent	for	symptoms	in	

IBS,	 including	gluten,	 alpha-amylase	 trypsin	 inhibitors	 (ATIs),	wheat	germ	agglutinins	

(WGAs),	and	fructans,	which	are	part	of	the	low	FODMAP	diet	(Figure	2).81	Studies	have	

been	 performed	 to	 try	 to	 elucidate	 the	 pathophysiological	 mechanisms	 of	 these	

components	in	symptom	generation.		

	

	
Figure	2	Components	of	wheat	which	may	trigger	symptoms	in	IBS	
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Gluten	has	been	demonstrated	to	alter	bowel	barrier	functions	in	patients	with	IBS.	The	

expression	of	tight	junction	proteins	(zonula	occludens-1	(ZO-1),	occludin,	and	claudin-

1)	have	been	demonstrated	to	be	significantly	lower	in	the	colonic	mucosa	of	individuals	

on	a	gluten	containing	diet	 (GCD),	 especially	 in	 individuals	who	are	human	 leukocyte	

antigen	(HLA)	DQ2/	8	positive.82	Tight	junction	proteins,	claudin-2,	8	and	15,	as	well	as	

myosin	light	chain	kinase	(MLCK)-myosin	II	regulatory	light	chain	(MLC)	pathway	have	

been	 demonstrated	 to	 be	 important	 in	 intestinal	 physiology	 and	 barrier	 function,	

regulating	paracellular	permeability.	A	study	evaluating	biopsies	from	27	patients	with	

IBS-D	demonstrated	alterations	 in	MLC	phosphorylation	and	claudin-15	and	claudin-2	

expression	with	gluten	with	intestinal	permeability	changes.83	This	also	could	potentially	

explain	permeability	responses	to	gluten	challenge	in	patients	with	IBS	.83	

	

ATIs	have	been	demonstrated	to	be	strong	induces	of	the	innate	immune	responses,	in	

vitro	and	 in	vivo,	via	 the	activation	of	 the	toll-like	receptor	4,	with	the	release	of	pro-

inflammatory	cytokines	leading	to	intestinal	inflammation.84	

	

WGA	is	 the	best-studied	cereal	grain	 lectin.	When	delivered	 in	vitro,	WGAs	have	been	

demonstrated	to	stimulate	monocytes	and	macrophages,	which	have	the	ability	to	initiate	

and	 maintain	 inflammatory	 responses.85	 WGA	 has	 been	 demonstrated	 to	 affect	

enterocyte	 permeability	 in	 vitro.	 However,	 it	 is	 important	 to	 note	 that	 human	 data	

demonstrating	WGA	on	inflammatory	markers	are	lacking.85		

	

FODMAPs	 are	 short-chain	 carbohydrates	 which	 are	 rapidly	 fermentable	 and	 poorly	

absorbed,	 increasing	 the	 small	bowel	water	 content,	passing	unaltered	 into	the	 colon,	
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where	 they	 are	 rapidly	 fermented,	 generating	 gas	 and	 distention.30	 FODMAPs	 are	

considered	to	be	beneficial	to	epithelial	cell	integrity	and	health.86	

1.6	The	Gluten	Free	Diet	in	IBS	

1.6.1	Evidence	to	Date	

The	 concept	 of	 patients	 having	 symptoms	 following	 the	 ingestion	 of	 gluten	 outside	 a	

diagnosis	of	coeliac	disease	(CD)	had	been	noted	as	early	as	the	1980s.87,88	With	regards	

to	the	mechanism	of	induction	of	symptoms	with	gluten,	it	has	been	suggested	that	gluten	

proteins	may	 be	 insufficiently	 degraded	 by	 proteases,	 leading	 to	 undigested	 peptides	

with	 an	 innate	 immune	 response,	 which	 may	 trigger	 gastrointestinal	 symptoms.	

However,	further	research	is	needed	to	elucidate	the	mechanism.89		

	

The	 GFD	 consists	 of	 the	 exclusion	 of	 dietary	 wheat,	 rye,	 barley	 and	 regular	 oats.90		

Obvious	 foods	 to	 avoid	 include	 pasta,	 pizza,	 regular	 bread	 products	 and	 cereals.91	

However,	individuals	also	need	to	be	aware	of	unexpected	sources,	such	as	soy	sauce	and	

beer.91	Several	types	of	cereals,	grains,	nuts,	seeds	and	legumes	can	be	used	as	part	of	a	

GFD,	such	as	quinoa	and	chickpeas,	which	can	improve	the	palatability	of	a	GFD	(Table	

5).90	In	the	UK,	gluten	free	products	are	defined	as	having	less	than	20	parts	per	million	

(ppm	 or	 milligrams	 of	 gluten	 per	 kilogram	 of	 product).90	 It	 is	 also	 important	 that	

individuals	are	aware	of	potential	cross	contamination	when	undergoing	a	GFD,	such	as	

ensuring	separation	of	gluten-free	from	gluten-containing	kitchen	gadgets	and	utensils.90	

It	is	also	worth	noting	that	there	are	non-food	sources	of	gluten	that	individuals	should	

be	aware	of,	such	as	potentially		toothpaste	and	lipstick.90		
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Recently,	there	has	been	research	evaluating	the	role	of	a	GFD	in	IBS.	A	prospective	open-

label	study	in	41	patients	with	IBS-D	demonstrated	a	reduction	in	IBS-SSS	from	286	to	

131	 after	 6	 weeks	 of	 a	 GFD	 (p<0.001),	 with	 a	 clinical	 response	 noted	 in	 71%	 of	

participants.92	A	RCT	in	45	patients	with	IBS-D,	involved	placing	individuals	on	either	a	

GFD	or	GCD	for	4	weeks.82	Patients	placed	on	a	GFD	were	noted	to	have	a	reduced	bowel	

frequency	(p=0.04).82	However,	it	has	been	suggested	that	these	findings	may	have	been	

due	 to	 a	 reduction	 in	 fructans	 and	 galacto-oligosaccharides	 (GOS)	 content,	 which	 are	

closely	associated	with	gluten,	and	are	also	part	of	the	low	FODMAP	diet.93			

	

There	have	been	several	double-blind	placebo-controlled	(DBPC)	studies	evaluating	the	

GFD	in	IBS,	as	seen	in	Table	4.
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Table	4	Summary	of	DBPC	studies	evaluating	the	effect	of	the	GFD	in	patients	with	IBS56	

	

DBPC:	Double-blind	placebo-controlled;	IBS:	Irritable	bowel	syndrome;	GFD:	Gluten	free	diet;	VAS:	Visual	analogue	scale;	FODMAP:	Fermentable	oligo-,	di-,	mono-	saccharides	and	

polyols

Lead	Author	for	Study	 Year	 Study	Design		 Study	Duration	 Total	Number	of	
Participants	in	Study	

Intervention		 Outcome	

Biesiekierski94	 2011	 DBPC	trial	

	

	

	

	

6	weeks	

	

	

34	patients	with	IBS	

symptomatically	

controlled	on	GFD	

	

	

Placebo	n=15	

Gluten	n=19	

	

Worsening	of	overall	

symptoms	on	VAS	(p=0.047),	as	

well	as	pain	(p=0.016),	bloating	

(p=0.016),	stool	consistency	

(p=0.024)	and	tiredness	

(p=0.001)	following	gluten	

introduction	

Biesiekierski95	 2013	
Crossover	DBPC	

trial	

	

2	week	run	in	of	low	

FODMAPs	then	1	week	

of	high-gluten,	low	

gluten,	or	placebo	for	1	

week	followed	by	2	week	

washout	period	

	

	

37	patients	with	IBS	

and	NCGS	

	

All	participants	

received	high	

gluten,	low	gluten	or	

placebo	

	

No	effect	of	gluten	on	GI	

symptoms	

	

	

Shahbazkhani96	

	

2015	

	

DBPC	trial	

	

	

	

6	weeks	

	

	

	

72	patients	with	IBS	

on	GFD	

	

	

	

Placebo	n=37	

Gluten	n=35	

	

	

Statistically	significant	

worsening	of	symptoms	in	

gluten-containing	group	

versus	placebo	(p<0.001)	

	

	

Zanwar97	 2016	 DBPC	trial	

	

4	weeks	

	

60	patients	with	IBS	

who	responded	to	

GFD	

	

Placebo	n=30	

Gluten	n=30	

Worsening	of	symptoms	

following	intake	of	gluten	

(p<0.05)	
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A	DBPC	trial,	 in	34	patients	who	met	the	criteria	 for	 IBS	and	had	 improved	on	a	GFD,	

demonstrated	 gluten	 causing	 gastrointestinal	 symptoms.	 In	 this	 study,	 individuals	

received	gluten	or	placebo	via	muffins	and	bread.	The	gluten	given	 in	the	muffins	was	

analysed	and	were	found	to	be	free	of	FODMAPs.	It	was	noted	that	following	receiving	

gluten,	 overall	 symptoms	worsened	 (p=0.047),	 as	well	 as	 other	 parameters	 including	

pain	 (p=0.016),	 bloating	 (p=0.031),	 stool	 satisfaction	 (p=0.024)	 and	 tiredness	

(p=0.001).94		

	

Interestingly	 the	 same	 group	 published	 another	 study	 contradicting	 these	 findings.95		

This	crossover	DBPC	trial,	in	37	individuals	with	IBS	and	non-coeliac	gluten	sensitivity	

(NCGS),	demonstrated	no	effects	of	gluten.	Individuals	were	randomly	assigned,	followed	

by	a	2	week	open-label	diet	of	reduced	FODMAPs,	and	then	placed	in	a	DBPC	crossover	

manner	 on	 high	 gluten	 (16g	 gluten/day),	 low	 gluten	 (2g	 gluten/day	 and	 14g	 whey	

protein/day)	or	control	(16g	whey	protein/day).95	Whilst	this	study	failed	to	show	any	

effects	of	gluten,	this	may	have	been	due	to	the	study	design.	Firstly,	participants	had	a	

high	VAS	at	baseline,	which	may	not	be	truly	representative	of	the	population.	Also,	due	

to	 the	 study	 design,	 patients	 may	 have	 had	 an	 anticipatory	 nocebo	 response.	 An	

interesting	 observation	 was	 that	 participants	 continued	 to	 follow	 the	 GFD	 following	

completion	of	the	study.98	This	may	provide	support	for	the	ease	of	implementation	of	a	

GFD,	with	long	term	adherence	to	a	GFD	being	shown	at	64%	at	12	months,	in	a	recent	

study	of	35	patients	with	IBS-D	or	IBS-M,	in	those	who	had	responded	symptomatically.99	

 

There	have	been	other	trials	demonstrating	the	benefit	of	a	GFD	in	 IBS.	A	trial	 in	148	

patients	with	IBS,	of	whom	72	patients	completed	the	study,	evaluated	the	effect	of	a	GFD	

in	patients	with	IBS.	After	patients	had	been	initially	commenced	on	a	GFD,	a	statistically	
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significantly	lower	symptom	control	was	noted	following	re-introduction	of	gluten	versus	

placebo	(p<0.001),	showing	that	patients	are	likely	to	be	sensitive	to	gluten.96	In	a	further	

trial,	60	Indian	patients	with	IBS,	who	had	responded	a	GFD	for	4	weeks,	were	allocated	

to	either	placebo	or	gluten	for	4	weeks,	via	bread	(gluten	free	versus	gluten	containing).	

Significant	worsening	of	symptoms	was	noted	in	patients	who	were	re-challenged	with	

gluten	 in	 comparison	 with	 a	 placebo	 (p<0.05).97	 A	 study	 in	 Italy,	 demonstrated	 that	

individuals	on	a	GFD	for	4	weeks,	had	improvements	in	symptom	severity,	bloating	and	

abdominal	pain,	as	well	as	improving	quality	of	life.60	

	

Recently,	it	has	been	proposed	whether	biomarkers	may	be	used	to	assess	predictors	of	

response	 to	 a	 GFD.100	 50	 patients	 with	 IBS,	 as	 well	 as	 25	 healthy	 subjects	 were	

prospectively	assessed,	with	symptom	improvement	noted	following	a	four	week	GFD,	in	

particular	for	those	with		antigliadin	(AGA)	IgG	and	IgA	antibodies	(75%	vs	38%).101	On	

post-hoc	 analysis,	 AGA	positive	 patients	were	 noted	 to	 have	 less	 diarrhoea	 than	AGA	

negative	patients.101	 	 	Whilst	AGA	positivity	may	predict	responsiveness	to	a	GFD,	 the	

prevalence	of	AGA	positivity	in	the	IBS	population	is	unclear.	In	this	study,	the	prevalence	

was	 high,	 reported	 at	 50%.101	 This	was	markedly	 higher	 than	 their	 validation	 cohort,	

which	noted	21%	AGA	positivity	in	the	IBS	cohort.101	Previous	population	estimates	of	

AGA	positivity	in	IBS	has	been	reported	between	7%	to	18%,102,103	which	is	higher	than	

the	general	population,	reported	at	7%.104	In	this	study,	adherence	to	a	GFD	was	assessed	

using	 dietetic	 assessment,	 as	 well	 as	 gluten	 immunogenic	 peptides.101	 Interestingly,	

benefits	to	a	GFD	were	seen	in	individuals	who	had	some	gluten	exposure,	suggesting	that	

strict	 adherence	 to	 a	 GFD	may	 not	 be	 required	 in	 IBS,	 unlike	 coeliac	 disease	 (CD).100	

However,	 the	 threshold	 of	 gluten	 free	 reduction	 to	 derive	 symptom	 benefit	 in	 IBS	 is	

unclear	currently.	
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Studies	 assessing	 the	 role	 of	 the	 GFD	 have	 been	 heterogenous.	 Different	 methods	 of	

delivering	a	GFD	have	been	used,	such	as	using	feeding	studies	in	some	trials	and	dietary	

advice	 in	 others.	 In	 feeding	 studies,	 different	 doses	 of	 gluten	 have	 also	 been	 used.	

Different	primary	outcomes	have	been	assessed,	different	population	groups	have	been	

enrolled,	as	well	as	different	study	durations.	Studies	have	also	been	performed	in	a	wide	

variety	 of	 geographic	 locations	 which	 may	 lead	 to	 divergent	 results	 as	 different	

geographic	 locations	may	 employ	 the	GFD	differently,	which	may	 potentially	have	 an	

impact	on	their	resident	gut	microbiota.105	The	design	of	these	studies	is	important	as	

this	 may	 result	 in	 different	 outcomes.	 For	 example,	 the	 studies	 by	 Biesiekierski	 and	

colleagues,94,95	assessing	the	role	of	a	GFD	in	IBS,	led	to	different	outcomes	as	mentioned	

earlier,	which	could	be	attributed	to	study	design.	

	

There	have	been	a	relatively	small	number	of	patients	recruited	to	studies	assessing	the	

GFD	 in	 IBS.	 This	 is	 likely	 to	 be	 an	 issue	 for	 dietary	 studies	 in	 general,	 with	 a	 lack	 of	

pharmaceutical	support	for	dietary	therapy	trials	in	comparison	to	pharmaceutical	trials,	

as	well	as	IBS	not	being	a	priority	area	for	research.106	Significant	challenges	remain,	with	

a	 lack	of	guidelines	 for	dietary	trials,	unlike	drug	trials	which	are	closely	regulated.107	

Issues	also	remain	with	regards	to	blinding,	for	example,	as	the	GFD	is	well	known	to	the	

general	 public,	 with	 up	 to	 5	 percent	 of	 individuals	 taking	 a	 GFD	 on	 their	 own	

volition.108,109	In	addition,	other	challenges	remain	in	designing	dietary	trials,	including	

difficulties	in	manipulating	the	diet	and	the	adherence	and	modification	of	dietary	habits.	

It	 is	 also	 difficult	 to	 practically	 implement	 the	 findings	 from	dietary	 trials	 to	 the	 real	

world.110	
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Other	 components	 in	a	GFD	can	also	be	difficult	 to	 control	 in	dietary	 studies,	 such	as	

fructans.93	A	recent	double-blind	cross	over	challenge	of	59	participants	who	had	self-

instituted	 a	 GFD	 demonstrated	 an	 increase	 in	 overall	 gastrointestinal	 symptoms	 in	

participants	consuming	fructans	rather	than	gluten	(p=0.049).111	

	

1.6.2	Nutritional	adequacy		

Whilst	there	is	growing	evidence	for	the	use	of	a	GFD,	questions	still	remain.	Currently,	

there	is	little	data	on	the	nutritional	adequacy	of	a	GFD	in	patients	with	IBS.	Nutritional	

adequacy	is	a	potential	concern,	with	evidence	of	this	being	extrapolated	from	individuals	

with	CD,	who	undergo	a	GFD.	A	study	in	139	patients	with	CD	,	in	which	5-day	food	diaries	

were	analysed,	demonstrated	that	individuals	on	a	GFD	obtained	a	higher	proportion	of	

carbohydrate	 intake	 from	non-milk	extrinsic	sugars,	with	 lower	 intakes	of	magnesium	

and	 selenium	 in	men	 and	women.80	 A	 survey	 estimating	 three-day	 self-reported	 food	

records	in	individuals	with	CD	on	a	GFD,	demonstrated	that	recommended	amounts	of	

fibre	and	calcium	were	not	met	in	men	and	women.112	A	GFD	has	also	been	shown	to	have	

an	inadequate	macronutrient	intake,	as	well	as	micronutrient	deficiencies	such	as	vitamin	

D,	vitamin	B12	and	folate.113		

	

Nutritional	concerns	are	not	unique	to	the	GFD	itself.	For	example,	in	the	UK,	it	has	been	

demonstrated	 that	 95%	 of	 men	 and	 women	 are	 non-adherent	 to	 fibre	

recommendations.114	It	is	possible	that	the	nutritional	deficiencies	of	the	GFD	are	due	to	

habitual	 poor	 choices,	 rather	 than	 the	 GFD	 itself.115	 Also,	 the	 evidence	 of	 potential	

nutritional	deficiencies	has	been	extrapolated	from	individuals	with	CD,	rather	than	IBS.	

A	prospective	open-label	study	in	patients	with	IBS-D,	patients	maintaining	the	GFD	at	
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long	 term	 follow	 up	 (average	 18	 months)	 had	 no	 alterations	 in	 body	 mass	 index	 or	

biochemical	status	relative	to	baseline.92	It	is	therefore	unclear	whether	a	GFD	may	lead	

to	nutritional	deficiencies	in	individuals	with	IBS.		

	

1.6.3	Gut	microbiota		

Another	area	of	uncertainty	of	the	GFD	is	the	effect	of	the	diet	on	the	gut	microbiota.	There	

have	been	several	studies	evaluating	the	role	of	the	GFD	and	in	both	healthy	individuals	

and	individuals	with	CD.116-119	A	study	in	ten	healthy	subjects,	assessing	faecal	samples	

on	 a	 GFD,	 demonstrated	 reductions	 in	 beneficial	 gut	 bacteria	 populations,	 such	 as	

bifidobacterium.119	 Also,	 faecalibacterium	 prausnitzii	 proportions	 were	 shown	 to	

decrease	after	a	GFD	in	this	study,	with	these	bacteria	being	noted	to	be	a	key	modulator	

of	colonic	health.120	As	can	be	seen,	this	has	therefore	raised	potential	concerns	of	a	GFD.		

Taxon-specific	 differences	 have	 been	 observed	 on	 a	 GFD.	 A	 study	 in	 21	 healthy	

volunteers,	who	has	been	on	a	GFD	for	four	weeks	demonstrated	taxon-specific	changes,	

most	markedly	noted	in	the	family	Veillonellaceae,	which	were	significantly	reduced.116		

Veillonellaceae	is	a	pro-inflammatory	family	of	bacteria,	and	therefore	it	is	possible	that	

this	taxon-specific	shift	may	cause	the	benefits	seen	on	a	GFD.116	Therefore,	it	is	possible	

that	shifts	in	the	microbiota	on	a	GFD	could	potentially	be	beneficial.		

	

It	is	important	to	note	that	currently	it	is	not	possible	to	draw	conclusions	on	the	role	of	

a	GFD	on	the	gut	microbiota.	The	faecal	flora	is	spatially	organised,121	with	bacteria	not	

being	evenly	distributed	in	stools.105	Therefore,	it	is	unclear	the	significance	of	changes	

seen	in	faecal	flora.		
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It	is	also	possible	that	the	changes	seen	on	a	GFD	are	not	due	to	the	GFD,	but	potentially	

due	to	other	dietary	alterations	made	by	the	individual.	Individuals	with	IBS	appear	to	

have	more	restrictive	diets	than	healthy	controls,	with	individuals	with	IBS	having	been	

shown	to	have	a	greater	abundance	of	Rikenellaceae,	when	adjusting	for	diet	and	race.	

However,	no	difference	in	microbial	diversity	was	shown.122		

	

Sample	sizes	used	assessing	the	GFD	and	gut	microbiota	have	been	small,	and	changes	

seen	from	one	population	are	unlikely	to	be	extrapolated	to	another	population	due	to	

the	diversity	of	microbiota	in	different	populations.105	Further	long-term	data	is	required	

to	assess	the	microbiota	in	both	the	short	and	long	term,	with	studies	in	patients	with	IBS	

on	a	GFD	needed.			

	

Table	5	Key	Components	of	Dietary	Therapies	Used	in	IBS		

	

Traditional	Dietary	Advice	 Low	FODMAP	diet	 Gluten	Free	Diet	
Single	phase		

• Reduce	alcohol	intake	
• Reduce	caffeine	intake	
• Reduce	spicy	meals	
• Reduce	fatty	foods		
• General	lifestyle	advice	(e,g,	

increasing	activity	levels,	
relaxation	time)	

• Regular	meals	
• Increase	fluid	intake	
• Consume	less	than	three	

portions	of	fresh	fruit	daily	
• Avoid	sorbitol	(e.g.	found	in	

chewing	gum)	
• Adjust	fibre	intake	

Restriction	phase	(1st)	
Avoidance	of:	

• Oligosaccharides	
and	galacto-oligosaccarides	
(e.g.	onion	and	pulses)	

• Disaccharides		
(e.g.	dairy	products)	

• Monosaccharides	
(e.g.	fig	and	honey)	

• Polyols		
(e.g.	cauliflower)	
Reintroduction	phase	(2nd)	

• Food	challenges,	
with	food	high	in	
one	FODMAP	tested	
over	3	days	at	
increasing	doses		

Personalisation	phase	(3rd)	
• Personalisation	of	

FODMAPs	to	
tolerance		

Single	phase		
• Advised	to	exclude	

wheat,	rye,	barley	
and	regular	oats	
(e.g.	wheat	pasta,	
bread,	beer)	
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1.7	Discussion	

There	are	now	several	heterogeneous	randomized	trials	in	IBS	evaluating	both	the	low	

FODMAP	diet	and	GFD,	with	variable	evidence	for	their	use.	The	response	rate	to	a	low	

FODMAP	diet	has	been	recorded	between	50%	to	76%	in	the	literature,41,43,63,123	with	a	

response	rate	to	a	GFD	reported	between	34%	to	71%.92,99	In	IBS	patients	identified	as	

wheat	sensitive,	reported	as	30%	in	the	literature,77	response	to	a	wheat	or	GFD	has	been	

demonstrated	to	be	as	high	as	98%.78	The	evidence	to	date	suggests	that	one	diet	alone	is	

not	 effective	 for	 all	 patients	with	 IBS,	 reinforcing	 the	underlying	 heterogeneity	 of	 the	

condition.	

	

It	is	likely	that	there	is	significant	overlap	between	these	dietary	therapies,	and	they	could	

be	described	as	dietary	‘cousins’.	Controversy	remains	with	regards	to	which	component	

of	wheat	leads	to	the	induction	of	symptoms	in	patients	presenting	with	IBS.124		

Regardless	of	the	mechanism,	there	appears	to	be	evidence	for	the	use	of	these	diets	in	

clinical	practice.77	Table	6	outlines	a	comparison	of	the	low	FODMAP	diet	and	GFD.	

	

Currently,	 TDA	 is	 used	 as	 first	 line	 management	 for	 IBS,	 which	 is	 based	 upon	 a	

combination	 of	 clinical	 experience	 and	 case-control	 studies.5	Whilst	 there	 have	 been	

RCTs	comparing	traditional	dietary	advice	to	the	low	FODMAP	diet,43,44,57,59	there	have	

been	no	RCTs	comparing	its	efficacy	to	a	GFD	or	habitual	diet.			

	

Dietary	 advice	 for	 these	 therapies	 should	 be	 delivered	 by	 dietitians	with	 a	 specialist	

interest	in	IBS,	on	the	basis	of	the	evidence	base	for	the	use	of	these	diets	being	derived	

from	 dietitian-led	 studies,	 with	 this	 approach	 being	 supported	 by	 reviewers.125	 The	

delivery	 of	 TDA,	 the	 low	 FODMAP	 diet	 and	 GFD	 could	 lead	 to	 a	 strain	 on	 existing	
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resources,	 but	 could	 be	 achieved	 through	 different	 methods,	 such	 as	 group-based	

sessions	rather	than	one-to-one	education.	This	is	supported	by	a	large	study	(n=364)	

assessing	dietitian-led	group	education	versus	traditional	one-to-one	education	for	a	low	

FODMAP	 diet.126	 This	 study	 demonstrated	 no	 difference	 in	 patient	 satisfaction	 or	

difference	in	decrease	in	symptom	severity	following	dietary	advice	in	group	education	

versus	one-to-one	education.126	However,	 the	 provision	of	dietetic	 services	 is	unclear,	

with	further	research	required	to	see	if	these	there	is	sufficient	provision	to	deliver	these	

dietary	therapies.		

	

1.8	Conclusion	

There	are	currently	no	head-to-head	trials	evaluating	TDA,	the	low	FODMAP	diet	and	GFD	

in	IBS.	There	is	variable	evidence	for	the	use	of	all	three	diets	in	IBS,	but	questions	still	

remain,	 including	 concerns	on	 the	nutritional	adequacy	of	 all	 the	diets,	 as	well	 as	 the	

effects	on	the	gut	microbiota.	Further	long-term	efficacy	data	are	required.	The	provision	

of	dietetic	services	to	deliver	these	therapies	is	also	unclear.	
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Table	6	Comparison	of	low	FODMAP	and	GFD	in	IBS	56	

	 Low	FODMAP	diet	 Gluten	Free	Diet	

Advantages	of	diet	

Increasing	public	awareness	of	diet	
	
Re-introduction	of	FODMAPs	can	be	
tailored	to	patients‘	symptoms	

	
Well	known	diet	to	public127	
	
	
Easy	to	implement	
	
Good	availability	of	diet	in	
supermarkets	in	UK128	
	
Restriction	of	one	food	group	

Concerns	of	diet	

	
	
	
Restrictive	diet	in	initial	phase31	
	
Reduction	in	calorie	and	calcium	intake	
reported41	
	
Unclear	efficacy	in	comparison	to	other	
dietary	therapies43,44	
	
Costly	to	implement50	
	
Reduction	in	potentially	beneficial	gut	
bacteria	reported41	

	
	
	
Can	be	costly	to	implement128	
	
Lower	intake	of	nutrients	including	
magnesium,	iron,	zinc,	manganese	and	
folate	reported80	
	
Reduction	in	beneficial	gut	bacteria	
populations	reported119	
	
Poor	palatability129	

	
Adherence		

	
Adherence	reported	at	75-77	percent	in	
literature37,63	

	
Adherence	reported	at	64	percent	in	
literature99	
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Chapter	2	Hypothesis,	Aims	and	Methods			

2.1	Null	hypothesis		

As	outlined	in	chapter	1,	there	is	growing	evidence	for	the	use	of	dietary	therapies	in	IBS,	

but	 questions	 still	 remain.	 The	 null	 hypothesis	 is	 that	 there	 is	 no	 role	 for	 nutritional	

therapies	for	individuals	with	IBS.		

2.2	Aims		

1. To	determine	to	role	of	nutritional	therapies	in	IBS	

2. To	assess	current	dietetic	provision	in	England	for	people	with	IBS		

2.3	Objectives		

1. Assess	long	term	outcomes	for	patients	with	IBS	following	the	low	FODMAP	diet.	

This	will	be	achieved	by:	

a) Assessing	the	efficacy	of	the	low	FODMAP	at	long	term	follow	up	

b) Examining	the	nutritional	and	FODMAP	intake	of	the	low	FODMAP	diet	in	the	

long	term	

c) Assessing	the	effects	of	the	low	FODMAP	diet	on	sociability		

	

2. Perform	an	RCT	comparing	the	effectiveness	and	acceptability	of	differing	dietary	

therapies	for	IBS.	This	will	include:	

a) Assessing	the	efficacy	of	dietary	therapies	in	IBS	

b) Compare	the	efficacy	of	TDA,	low	FODMAP	diet	and	GFD	in	IBS		

c) Examine	 the	 nutritional	 intake,	 FODMAP	 intake,	 gut	 microbial	 changes	

following	TDA,	low	FODMAP	diet	and	GFD	

d) Assess	the	acceptability	of	dietary	therapies	in	IBS		

e) Assess	whether	there	are	any	predictors	for	response	to	dietary	therapies		
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3. Determine	the	provision	of	dietetic	services	in	England	for	IBS.	This	outcome	will	

be	compared	to	dietetic	provision	for	individuals	with	CD	and	inflammatory	bowel	

disease	(IBD)	

	

2.4	Materials	and	Methods		

Study	design,	and	statistical	analysis	is	outlined	in	each	individual	chapter.		
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Chapter	3	The	low	FODMAP	diet	for	IBS;	A	multicentre	UK	study	assessing	

long	term	follow	up		

3.1	Summary		

 
Background:	The	low	FODMAP	diet	is	effective	in	managing	IBS	in	the	short	term.	This	

study	assessed	the	 long-term	effect	of	 the	 low	FODMAP	diet	on	symptoms,	nutritional	

composition	and	socialising.	

	

Methods:	 Patients	 with	 IBS	 who	 received	 dietetic-led	 low	 FODMAP	 advice	 were	

approached	at	long	term	follow	up	(>6	months	post	low	FODMAP	diet	advice)	from	six	

centres	across	the	United	Kingdom.	Participants	completed	questionnaires	prospectively	

assessing	gastrointestinal	symptoms,	adherence,	nutritional	intake,	dietary	acceptability	

and	food	related	quality	of	life	(QOL)	at	long	term	follow	up.		In	addition,	where	available,	

symptoms	at	 long	term	follow	up	were	compared	to	baseline	data	collected	as	part	of	

routine	 dietetic	 care	 retrospectively.	 The	 primary	 outcome	 was	 to	 assess	 adequate	

symptom	relief	at	long	term	follow	up.		

	

Results:	205	participants	completed	the	study,	with	a	mean	follow	up	of	44	months	(3.7	

years).	Adequate	symptom	relief	was	noted	in	60%	of	individuals	at	long	term	follow	up,	

with	 76%	being	 on	 the	 personalisation	 phase	 of	 the	 low	FODMAP	diet	 (pLFD).	Mean	

nutritional	 intake	did	not	differ	between	 individuals	on	the	pLFD	versus	habitual	diet,	

with	no	difference	in	fructan	intake	(2.9g/d	vs	2.9g/d,	p=0.96).	The	majority	(80%)	of	

individuals	on	the	pLFD	consumed	specific	‘free-from’	products	at	the	long	term,	with	the	

purchase	of	gluten	or	wheat	free	products	being	the	commonest	(68%).	
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Conclusion:	 The	majority	 of	 patients	 follow	 the	 pLFD	 in	 the	 long	 term,	with	 a	 large	

proportion	purchasing	gluten	or	wheat	free	products	to	manage	their	symptoms.	

	

3.2	Introduction			
	
IBS	is	a	prevalent	functional	gastrointestinal	disorder,	affecting	around	5	percent	of	the	

population.3,130	It	is	characterised	by	symptoms	of	abdominal	pain	and	change	in	bowel	

habit,	 in	 the	 absence	 of	 organic	 disease.1,4	 The	 pathophysiology	 of	 IBS	 is	 not	 fully	

understood,	 but	 is	 thought	 to	 include	 alterations	 in	 gut	 microbiota,	 central	 pain	

processing,	 visceral	 hypersensitivity,	 immune	dysregulation	 and	gut	 dysmotility.9	 The	

impact	 of	 IBS	 is	 significant,	 with	 negative	 effects	 on	 quality	 of	 life	 and	 work	

productivity.131		

	

Options	 for	 the	 management	 of	 IBS	 include	 treatments	 such	 as	 antispasmodics,	

antidiarrhoeals	 and	 laxatives,	 as	well	 as	 psychological	 therapies,	 lifestyle	 and	 dietary	

advice.131	 Diet	 appears	 to	 be	 a	 key	 trigger	 for	 symptom	 generation	 in	 IBS,	 with	 food	

related	 symptoms	 being	 reported	 in	 around	 60-80%	 of	 individuals.11-13,132	 There	 has	

been	 significant	 interest	 in	 the	 role	 of	 dietary	 therapies	 over	 the	 last	 decade,	 with	

increasing	evidence	for	the	use	of	a	low	FODMAP	diet	to	manage	the	symptoms	of	IBS.		

The	low	FODMAP	diet	has	been	recommended	as	second	line	dietary	therapy	by	national	

guidelines,19	and	has	even	been	proposed	as	first	line	dietary	therapy	to	manage	IBS.32	

Over	half	of	gastroenterologists	in	the	United	States	(US)	consider	dietary	therapies	as	a	

primary	management	strategy	for	IBS.133	
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Implementation	of	 the	 low	FODMAP	diet	consists	of	 three	different	phases.	The	 initial	

phase	consists	of	strict	restriction	of	all	FODMAPs,	which	normally	takes	4-8	weeks.	This	

is	then	followed	by	FODMAP	reintroduction,	which	can	be	over	a	6-10	weeks,	followed	

finally	by	personalisation	of	FODMAPs	at	long	term	follow	up.23	Whilst	there	have	been	

several	studies	demonstrating	the	efficacy	of	the	low	FODMAP	diet,	the	majority	of	these	

studies	 have	 assessed	 the	 low	 FODMAP	 diet	 in	 the	 short	 term	 (strict	 restriction	

phase).39,41,43-46,48,57	Recently,	 there	has	been	emerging	evidence	 for	 the	use	of	 the	 low	

FODMAP	diet	 in	 the	 long	 term.47,50,62,63,65,66	However,	 studies	 to	date	 have	 been	 small	

single	centre	studies,	some	have	been	performed	in	specialist	centres,	with	a	relatively	

short	 duration	 of	 follow	 up,	 with	 the	 longest	 follow	 up	 period	 being	 18	

months.47,50,62,63,65,66	 In	 addition,	 only	 one	 study	 has	 assessed	 both	 nutritional	 and	

FODMAP	intake	at	long	term.50	As	the	low	FODMAP	diet	can	be	restrictive	in	its	initial	

phase,	nutritional	concerns	of	this	diet	have	been	raised,	with	a	reduction	in	nutrient	and	

energy	 intake	 noted	 at	 short	 term	 follow	 up	 at	 4	 weeks.41,43,69,134	 There	 is	 little	

information	on	the	number	of	individuals	who	continue	to	follow	the	restrictive	phase	of	

the	 low	 FODMAP	 diet	 in	 the	 long	 term,	 despite	 not	 being	 advocated.	 In	 addition,	

nutritional	adequacy	at	long	term	follow	up	of	the	low	FODMAP	diet	is	unclear.	A	single	

study	from	a	specialist	centre	demonstrated	nutritional	adequacy	compared	to	a	habitual	

diet,	which	requires	replicating.50	The	key	components	of	the	low	FODMAP	diet	which	

lead	 to	 symptom	relief	 is	 also	unclear,	 as	well	 as	 there	 being	 little	 information	 in	 the	

literature	on	the	effects	of	the	diet	on	eating	out	and	socialising.	As	a	result	of	this,	the	

aim	of	this	study	was	to	assess	the	efficacy	of	the	low	FODMAP	diet	at	long	term	follow	

up,	 assess	 changes	 to	nutritional	 and	FODMAP	composition	at	 long	 term	 follow	up,	 in	

addition	 to	 assessing	 the	 effects	 on	 sociability.	 Sociability	 was	 defined	 as	 effects	 on	
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individuals’	social	life,	as	assessed	by	acceptability	of	the	dietary	restriction,	as	well	food	

related	quality	of	life.		

	

3.3	Materials	and	Methods		
 

3.3.1	Study	Design		
 
Patients	with	 IBS	who	had	 received	 low	FODMAP	advice	 for	 the	management	of	 their	

symptoms	in	secondary	care,	were	recruited	at	long	term	follow	up	(defined	as	>6	months	

after	patient	had	received	 low	FODMAP	advice)	 from	six	centres	across	the	UK	(Royal	

Hallamshire	Hospital,	 Sheffield;	Northern	General	Hospital,	 Sheffield;	Doncaster	Royal	

Infirmary,	Doncaster;	University	Hospital	Lewisham,	London;	Bradford	Royal	Infirmary,	

Bradford;	York	Hospital,	York).		

	

Patients	 were	 deemed	 eligible	 if	 they	 had	 received	 low	 FODMAP	 advice	 for	 the	

management	of	IBS	(as	defined	by	Rome	III	criteria)	by	a	gastrointestinal	dietitian,	having	

been	given	advice	on	the	strict	reduction	of	FODMAPs,	as	well	as	having	received	advice	

on	the	reintroduction	of	FODMAPs	to	tolerance.	Patients	with	co-existing	gastrointestinal	

disease	(e.g.	CD,	IBD,	gastrointestinal	malignancy,	previous	abdominal	surgery),	without	

internet	 access,	 unable	 to	 give	 informed	 consent	 and	 language	 barriers	were	 deemed	

ineligible.	The	study	flow	of	patients	is	outlined	in	Figure	3.	Patients	were	identified	by	a	

dietitian	 or	 physician	 at	 each	 centre,	 with	 individuals	 subsequently	 consented	 to	 the	

study	by	the	lead	site	(Sheffield)	if	they	wished	to	participate.		

	

Following	recruitment,	participants	were	invited	by	a	dietitian	or	physician	within	the	

lead	 site	 (Sheffield)	 to	 complete	 questionnaires	 assessing	 gastrointestinal	 symptoms,	
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effect	on	sociability,	as	well	as	dietary	intake	at	long	term	follow	up.	The	primary	outcome	

was	symptom	response	to	the	low	FODMAP	diet	at	long	term,	with	the	binary	outcome	

(Yes	or	No)	of	whether	they	had	satisfactory	relief	of	gut	symptoms.50,135	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Invited	to	participate	(n=660)	

Excluded	(n=446)	
Did	not	respond	to	invitation	n=277	
Failed	to	complete	questionnaires	n=37	
Did	not	follow	LFD	advice	n=33	
Not	given	advice	on	all	LFD	phases	n=6	
Did	not	have	diagnosis	of	IBS	n=7	
Other	gastrointestinal	conditions	n=47	(IBD;	n=8,	CD;	n=6,	
previous	abdominal	surgery;	n=11,	BAD	n=8,	PEI	n=1,	
gastrointestinal	malignancy	n=2,	SIBO	n=2,	other	n=9)	
Declined	n=32	
Language	barrier/communication	difficulties	n=5	
Duration	of	LFD	<6	months	n=2	
Unknown	n=2	

Completed	questionnaire	(n=214)	

Excluded	(n=9)	
Withdrew	consent	n=1	
Incomplete	questionnaires	
n=4	
Doctor	led	LFD	advice	n=4	
	
	

Participants	analysed	(n=205)	

Figure	3	Flow	chart	for	participants	during	trial	
	
LFD;	low	FODMAP	diet,	IBS;	irritable	bowel	syndrome,	IBD;	inflammatory	bowel	disease,	
CD;	coeliac	disease,	BAD;	bile	acid	diarrhoea,	PEI;	pancreatic	exocrine	insufficiency,	SIBO;	
small	intestinal	bacterial	overgrowth	
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3.3.2	Gastrointestinal	symptoms		
 
Gastrointestinal	 symptoms	were	 assessed	 at	 long	 term	 follow	 up	 using	 the	 validated	

gastrointestinal	 symptom	 rating	 scale	 (GSRS),	 with	 symptoms	 classified	 on	 a	 4-point	

Likert	 scale	 (0,	 none;	 1,	 mild;	 2,	 moderate;	 3,	 severe)	 (Appendix	 1).136	 Participants 

recorded stool form, as per Bristol Stool Chart, which was used to classify the subtype of IBS. 

Individuals with type 1 and 2 stools were classified as having IBS-C; type 6 and 7 stools were 

classified as IBS-D; type 1 and 2 stools, as well as type 6 and 7 stools were classified as IBS-

M; others were classified as IBS-U.  Stool frequency was recorded from participants, being 

reclassified to either normal or abnormal.126 Participants opening their bowels between once 

every 3 days to 3 times per day were classified as normal, with those opening their bowels less 

than once every 3 days or more than 3 times per day as abnormal.126 

	

Notes were also reviewed by a dietitian or physician at each site to see whether participants 

had completed a baseline GSRS as part of routine dietetic care, prior to commencement of the 

low FODMAP diet. Where this was available, the baseline GSRS was compared to long term 

GSRS to assess for symptom improvement in this subset of participants.  

 

3.3.3	Sociability		
	
Effects	on	sociability	of	the	low	FODMAP	diet	was	assessed	using	two	questionnaires,	an	

adapted	 nutrition	 related	 QOL	 (Appendix	 2)	 and	 adapted	 food	 related	 QOL	 tool	

(Satisfaction	with	Food-related	Life)	(Appendix	3).50,137	
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3.3.4	Dietary	intake			
	

Dietary	 intake	 of	 participants	 was	 assessed	 at	 long	 term	 follow	 up	 using	 the	

Comprehensive	 Nutrition	 Assessment	 Questionnaire	 (CNAQ),	 a	 validated	 semi-

quantitative	 food	 frequency	 questionnaire	 assessing	 nutrient	 and	 FODMAP	 intake,	

consisting	of	297	questions	(Appendix	4).138	This	was	an	online	questionnaire	which	was	

completed	by	participants	directly	via	a	 link	provided,	or	with	the	aid	of	 the	research	

team	who	inputted	participants’	responses	onto	the	online	form	if	completed	on	paper	or	

via	 telephone.	After	all	questions	were	complete,	 the	CNAQ	subsequently	produced	an	

automated	response	of	FODMAP	and	nutrient	 intake	 for	each	participant.	Participants	

were	also	asked	additional	questions	including	their	diet	currently	at	long	term	follow	

up,	adherence	to	their	diet,	eating	out	requirements	and	consumption	of	specific	 ‘free-

from’	products.	‘Free	from’	products	included	lactose	free,	FODMAP	free,	gluten	or	wheat	

free.	

	

3.3.5	Ethical	considerations	

The	 study	 was	 carried	 out	 in	 accordance	 with	 the	 Declaration	 of	 Helsinki	 and	 was	

approved	by	the	sub-committee	of	the	London-Chelsea	Research	Ethics	Committee	(REC	

reference	18/LO/2234).	Written	informed	consent	was	obtained	from	patients.		

	

3.3.6	Statistical	analysis			

All	data	was	analysed	using	SPSS	version	26	(International	Business	Machines,	Armonk,	

NY)	and	GraphPad	Prism	version	8.0	(GraphPad	Software,	San	Diego,	California).	Data	

were	 summarised	 using	 descriptive	 statistics,	 including	 counts	 and	 percentages	 for	

categorical	 data	 and	 mean±standard	 deviation	 (SD)	 for	 continuous	 data.	 The	
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independent	t	test	was	used	to	compare	continuous	data	between	groups.	Comparison	of	

categorical	data	between	groups	was	performed	using	c2	testing.	Statistical	significance	

was	considered	when	p<0.05.		

	

	

3.4	Results			
	

A	total	of	660	patients	were	invited	to	participate	from	six	centres	(Figure	3).	From	the	

patients	approached,	205	participants	completed	the	study	(75%[n=153]	female,	mean	

age	 50	 ±	 16	 years,	 mean	 body	 mass	 index	 26	 ±	 5kg/m2).	 Participants	 had	 received	

dietetic-led	low	FODMAP	advice	between	2010	to	2019,	with	a	mean	follow	up	duration	

of	44±30	months.	A	total	of	50%	had	IBS-D	(n=101/202),	12%	had	IBS-M	(n=24/202),	

15%	had	IBS-C	(n=31/202)	and	23%	had	IBS-U	(n=46/202).			

	

3.4.1	Gastrointestinal	symptoms	at	long	term	follow	up				

For	the	primary	outcome	of	overall	adequate	symptom	relief	at	long	term	follow	up,	60%	

(n=122/203)	 of	 patients	 had	 adequate	 relief	 of	 symptoms.	 There	 was	 no	 significant	

difference	in	the	proportion	of	individuals	with	adequate	symptom	relief	by	IBS	subtype	

at	 long	 term	 follow	 up	 (63%	 IBS-D	 [n=63/100],	 46%	 IBS-M	 [n=11/24],	 61%	 IBS-C	

[n=19/31],	63%	IBS-U	[n=29/46],	p=0.47).	

	

3.4.2	Gastrointestinal	symptoms	–	baseline	versus	long	term	follow	up		

Of	 the	205	participants	who	completed	 the	 study,	74	of	 these	participants	 (36%)	had	

baseline	symptom	data	available,	collected	as	part	of	their	routine	dietetic	care.	In	this	
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subset	 of	 individuals,	 the	 proportion	 with	 moderate	 or	 severe	 symptoms	 was	

significantly	lower	at	long	term	follow	up	versus	baseline	for	abdominal	pain	(65%[n=48]	

vs	 41%	 [n=30]),	 p<0.01),	 bloating/distention	 (75%[n=55]	 vs	 53%[n=39],	 p<0.01),	

flatulence	 (70%[n=52]	 vs	 39%[n=29],	 p<0.01),	 belching	 (40%[n=29]	 vs	 19%[n=14],	

p<0.01),	borborygmi	(61%[n=45]	vs	32%[n=24],	p<0.01),	bowel	urgency	(67%[n=49]	vs	

43%[n=32],	p<0.01),	nausea	(28%[n=21]	vs	15%[n=11],	p=0.05),	heartburn	(23%[n=17]	

vs	9%[n=7],	p=0.03)	and	acid	regurgitation	(23%[n=17]	vs	9%[n=7],	p=0.03).	There	was	

a	trend	towards	an	improvement	in	the	proportion	with	moderate	or	severe	symptoms	

at	 long	 term	 follow	 up	 versus	 baseline	 for	 incomplete	 evacuation	 (50%[n=37]	 vs	

35%[n=26],	p=0.07)	with	no	difference	in	lethargy	(72%[n=53]	vs	61%[n=45],	p=0.16).	

The	most	 frequent	moderate/severe	 symptoms	 reported	 by	 patients	 at	 baseline	was	

bloating/distention	 and	 lethargy,	 with	 the	 least	 frequent	 being	 heartburn	 and	 acid	

regurgitation	 (Figure	 4).	 The	 proportion	 of	 individuals	 with	 abnormal	 stools	 was	

significantly	lower	at	long	term	follow	up	compared	to	baseline	(14%	[n=10/74]	vs	33%	

[n=24/73],	p<0.01).			
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Figure	4	Symptoms	at	baseline	versus	long	term	follow	up	as	assessed	by	GSRS	
	

	
*;	statistically	significant,	ns;	not	statistically	significant		
	

	

3.4.3	Diet	at	long	term	follow	up			

At	 long	term	follow	up,	76%	(n=155/205)	of	participants	were	on	the	personalisation	

phase	of	the	low	FODMAP	diet	(pLFD).	The	remainder	of	participants	were	either	on	the	

strict	reduction	phase	of	the	low	FODMAP	diet	(6%,	n=12/205),	returned	to	their	habitual	

diet	(9%,	n=18/205),	gluten	or	wheat	free	diet	(4%,	n=9/205),	lactose	free	diet	(2%,	n=5)	

or	another	diet	(3%,	n=6/205)	[Figure	5].		

	

The	 majority	 of	 participants	 on	 the	 pLFD	 at	 long	 term	 had	 minor	 lapses	 (70%,	

n=107/155),	with	strict	adherence	noted	in	26%	(n=40/155)	of	individuals,	and	major	
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lapses	 in	 5%	 (n=8/155)	 of	 individuals.	 Overall	 adequate	 relief	 of	 symptoms	 differed	

significantly	 by	 adherence	 (p<0.01),	 with	 adequate	 relief	 of	 symptoms	 noted	 in	 68%	

(n=98/145)	of	individuals	who	were	strictly	adherent	or	had	minor	lapses,	compared	to	

13%	(n=1/8)	of	individuals	who	had	major	lapses.		

	

Figure	5	Diet	at	Long	Term	Follow	Up			
	

	
pLFD;	personalisation	phase	of	low	FODMAP	diet,	sLFD;	strict	reduction	phase	of	low	FODMAP	diet	
	

	

3.4.4	Nutritional	and	FODMAP	intake	at	long	term	follow	up		

	

Compared	to	dietary	reference	values	(DRVs),	the	majority	of	 individuals	on	the	pLFD	

failed	to	meet	total	recommended	energy	intakes.	In	terms	of	macronutrient	intake,	the	

majority	of	 individuals	on	a	pLFD	met	 recommended	protein	 intake,	but	 the	majority	

failed	 to	 meet	 carbohydrate,	 fat	 and	 dietary	 fibre	 intake	 (Table	 7).	 In	 terms	 of	

micronutrient	 intake,	 the	 majority	 of	 individuals	 on	 a	 pLFD	 met	 recommended	
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micronutrient	 intakes	 (folate,	 thiamine,	 riboflavin,	 vitamin	 C,	 sodium,	 magnesium,	

calcium,	 phosphorous,	 iron	 and	 zinc)	 except	 for	 potassium	 (Table	 7).	 There	 was	 no	

difference	 in	 total	 energy	 intake,	 macronutrient	 and	 micronutrient	 intake	 between	

individuals	on	a	pLFD	compared	to	individuals	on	a	habitual	diet,	except	for	a	significantly	

greater	proportion	of	individuals	on	a	pLFD	meeting	recommended	phosphorus	intake	

compared	to	those	on	a	habitual	diet	(p<0.01)	[Table	7].		

	

There	was	no	significant	reduction	 in	total	FODMAP	intake	at	 long	term	in	those	on	a	

pLFD,	compared	to	 individuals	on	a	habitual	diet,	with	no	significant	reduction	 in	any	

specific	FODMAP	group	(Table	8).		

	

Table	7	Nutritional	intake	at	long	term	follow	up	

Nutritional 
parameter Diet at long term follow up Difference 

in mean 
values 

between 
groups 
p-value 

Difference 
in DRV 

met 
between 
groups 
p-value 

 
pLFD  

(n=155) 
mean±SD 

DRV 
met 

n (%) 

Habitual 
diet  

(n=18) 
mean±SD 

DRV 
met 

n (%) 

Energy kcal/d  1878±635 45 (29) 1889±653 4 (22) 0.95 0.54 
Protein g/d  83.3±29.5 124 (82)* 87.5±31.5 15 (83) 0.57 0.86 

Carbohydrate g/d  224±89.1 50 (32) 217±84.1 6 (33) 0.77 0.93 
Fat g/d  68.8±26.8 61 (39) 79.1±36.7 11 (61) 0.14 0.08 

Dietary fibre g/d  29.3±12.3 64 (41) 26.8±9.3 7 (39) 0.40 0.84 
Folate mcg/d  368±149 141 (91) 337±128 16 (89) 0.40 0.77 

Thiamine mg/d  1.54±0.95 133 (86) 1.87±0.9 17 (94) 0.16 0.31 
Riboflavin mg/d  2.32±1.23 141 (91) 2.40±1.22 15 (83) 0.79 0.30 

Niacin mg/d  20.8±8.8 129 (83) 21.7±7.9 15 (83) 0.69 0.99 
Vitamin C mg/d  200±126 153 (99) 145±63 17 (94) 0.07 0.19 

Sodium mg/d  2077±895 105 (68) 2344±974 14 (78) 0.24 0.38 
Potassium mg/d  3622±1313 77 (50) 3250±1035  8 (44) 0.25 0.67 

Magnesium mg/d  336±122 106 (68) 306±111 11 (61) 0.33 0.53 
Calcium mg/d  951±455 109 (70) 918±382 10 (56) 0.77 0.20 

Phosphorus mg/d  1488±526 153 (99) 1437±509 10 (56) 0.70 <0.01 
Iron mg/d  12.8±4.7 105 (68) 12.3±4.2 9 (50) 0.64 0.13 
Zinc mg/d  12.4±4.6 131 (85) 12.6±4.7 13 (72) 0.90 0.19 
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*missing	n=3.	DRV;	dietary	reference	values,	pLFD;	personalisation	phase	of	low	FODMAP	diet,	independent	t	test	
used	to	compare	difference	in	mean	values	between	groups,	c2	test	used	to	compare	difference	in	proportion	of	DRV	
met	between	groups	
	

Table	8	FODMAP	intake	at	long	term	follow	up	
	

	

	

	

	

	

	

	

	

	

	
pLFD; personalisation phase of low FODMAP diet, independent	t	test	used	to	compare	difference	in	mean	values	
between	groups 

	

3.4.5	Effect	on	sociability			

 
The	majority	of	individuals	on	the	pLFD	agreed	that	it	took	extra	time	to	shop	for	their	

diet	(57%	agreed	on	pLFD	[n=88/155],	11%	agreed	on	habitual	diet	[n=2/18],	p<0.01)	

and	the	majority	found	the	cost	of	the	diet	to	be	more	expensive	(75%	agreed	on	pLFD	

[n=116/155],	22%	agreed	on	habitual	diet	[n=4/18],	p<0.01).	The	majority	found	food	

labelling	 to	 be	 adequate	 to	 confidently	 choose	 suitable	 foods	 (50%	 agreed	 on	 pLFD	

[n=78/155],	28%	agreed	on	habitual	diet	[n=5/18],	p<0.01).			

	

The	majority	of	individuals	on	the	pLFD	stated	that	eating	out	at	restaurants	made	it	more	

difficult	 to	 follow	 the	 diet	 (74%	 agree	 on	 pLFD	 [n=115/155],	 22%	 on	 habitual	 diet	

[n=4/18],	 p<0.01),	 as	 well	 as	 eating	 out	 at	 friends	 and	 family	 (71%	 agree	 on	 pLFD	

FODMAP   Diet at long term follow up Difference 
between 
groups 
p-value 

 
pLFD 

(n=155) 
mean±SD 

Habitual 
diet (n=18) 
mean±SD 

Oligosaccharides       

Fructo-oligosaccharides g/d  2.9±2.2 2.9±1.4 0.96 
Galacto-oligosaccharides g/d  1.3±1.4 1.0±0.6 0.37 

Disaccharides       

   Lactose g/d  7.9±10.4 11.3±8.0 0.18 
Monosaccharides      

   Excess fructose g/d  2.5±3.7 1.8±1.2 0.45 
Polyols       

   Sorbitol g/d  1.9±2.9 1.5±1.2 0.55 
   Mannitol g/d  0.6±0.5 0.5±0.3 0.62 
Total FODMAPs g/d  17.0±12.5 19.1±9.5 0.51 
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[n=110/155],	17%	on	habitual	diet	[n=3/18],	p<0.01).	Travel	overseas	also	made	it	more	

difficult	for	individuals	to	follow	the	pLFD	(74%	agree	on	pLFD	[n=115/155],	33%	on	

habitual	diet	 [n=6/18],	p<0.01).	Whilst	 the	majority	of	 individuals	were	able	 to	easily	

incorporate	the	pLFD	into	their	life,	this	was	significantly	lower	compared	to	those	on	a	

habitual	diet	(61%	agree	on	pLFD	[n=94/153],	89%	on	habitual	diet	[n=16/18],	p<0.01).		

No	other	significant	differences	in	dietary	acceptability	between	the	pLFD	and	habitual	

diet	were	noted	at	long	term	follow	up,	as	seen	in	Table	9.		

	

With	regards	to	food	related	QOL,	individuals	on	a	habitual	diet	had	greater	food	and	meal	

satisfaction	compared	to	those	on	the	pLFD	(47%	agree	on	pLFD	[n=73/155],	78%	agree	

on	habitual	diet	[n=14/18],	p=0.03).	In	addition	to	this,	a	minority	of	individuals	on	the	

pLFD	saw	problems,	obstacles	and	disappointments	when	 thinking	of	 their	next	meal	

(22%	agree	on	pLFD	[n=34/155],	11%	agree	on	habitual	diet	[n=2/18],	p=0.03).	No	other	

significant	differences	in	food	related	QOL	were	noted	(Table	10).			
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Table	9	Acceptability	of	
personalisation	phase	of	low	
FODMAP	diet			
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
                                                                    *n=1 missing **n=2 missing. pLFD; personalisation phase of low FODMAP diet  

Question    pLFD Habitual diet p-value 

 Agree 
n (%) 

Neutral 
n (%) 

Disagree 
n (%) 

Agree 
n (%) 

Neutral 
n (%) 

Disagree 
n (%) 

 

I find it easy to buy suitable foods for 
my current diet at my normal 
supermarkets or shops 

93 (60) 22 (14) 39 (25)* 14 (78) 2 (11) 2 (11) 0.32 

I am able to buy foods suitable for my 
current diet at my normal supermarkets 
or shops 

122 (79) 19 (12) 14 (9) 15 (83) 1 (6) 2 (11) 0.69 

I use high street/online specialty shops 
(e.g. health food shops) to buy food for 
my current diets          

32 (21) 10 (7) 112 (73)* 2 (11) 1 (6) 15 (83) 0.60 

It takes extra time to shop for my 
current diet 88 (57) 12 (8) 55 (36) 2 (11) 1 (6) 15 (83) <0.01 

I find food labelling is adequate to 
allow me to confidently choose suitable 
foods 

78 (50) 23 (15) 54 (35) 5 (28) 9 (50) 4 (22) <0.01 

The cost of my current diet is more 
expensive 116 (75) 9 (6) 30 (19) 4 (22) 2 (11) 12 (67) <0.01 

Does eating out at restaurants make it 
more difficult for you to follow your 
current diet? 

115 (74) 19 (12) 21 (14) 4 (22) 1 (6) 13 (72) <0.01 

Does eating out at friends/families 
make it more difficult for you to follow 
your current diet? 

110 (71) 18 (12) 27 (17) 3 (17) 1 (6) 14 (78) <0.01 

Does travel (overseas/UK) make it 
more difficult for you to follow your 
current diet?          

115 (74) 21 (14) 19 (12) 6 (33) 0 (0) 12 (67) <0.01 

Overall, I find my current diet tasty and 
enjoyable 100 (65) 29 (19) 26 (17) 14 (78) 3 (17) 1 (6) 0.41 

I can incorporate my current diet easily 
into my life 94 (61) 33 (21) 26(17)** 16 (89) 2 (11) 0 (0) <0.01 

My current dietary needs have created 
stress with my family/friends 61 (39) 28 (18) 66 (43) 3 (17) 2 (11) 13 (72) 0.06 
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Table	10	Food	Related	Quality	of	Life		
	
	
	
	
	
	
	
	
	
	
	
	
	
 
 
 
 
 
                                        pLFD; personalisation phase of low FODMAP diet  

Question   pLFD  Habitual diet p-value 

 Agree 
n (%) 

Neutral 
n (%) 

Disagree 
n (%) 

Agree 
n (%) 

Neutral 
n (%) 

Disagree 
n (%) 

 

Food and meals are positive elements 
of my life 87 (56) 35 (23) 33 (21) 14 (78) 0 (0) 4 (22) 0.07 

I am generally pleased with my food 98 (63) 32 (21) 25 (16) 12 (67) 4 (22) 2 (11) 0.86 
My life in relation to food and meals is 
close to my ideal 46 (30) 36 (23) 73 (47) 9 (50) 4 (22) 5 (28) 0.18 

With regard to food, the conditions of 
my life are excellent 35 (23) 54 (35) 66 (43) 7 (39) 5 (28) 6 (33) 0.31 

Food and meals give me satisfaction in 
daily life 73 (47) 48 (31) 32 (21) 14 (78) 4 (22) 0 (0) 0.03 

I wish my meals were much more 
pleasant part of my life 79 (51) 26 (17) 50 (32) 8 (44) 1 (6) 9 (50) 0.23 

When I think of my next meal, I only 
see problems, obstacles and 
disappointments 

34 (22) 41 (27) 79 (51) 2 (11) 1 (6) 15 (83) 0.03 
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3.4.6	Dietary	requirements			

The	majority	of	individuals	on	a	pLFD	at	long	term	follow	up	had	dietary	requirements	

whilst	 eating	out	 (79%[n=123/155]),	with	 26%	 (n=41/155)	 of	 individuals	describing	

multiple	dietary	requirements.	The	commonest	dietary	requirement	when	eating	out	on	

the	pLFD	at	long	term	follow	up	was	a	gluten	free	or	wheat	free	diet	(43%[n=67/155]),	

with	26%	requiring	a	lactose	free	diet	[n=40/155]	and	3%	requiring	a	FODMAP	free	diet	

[n=5/155],	with	10%	stating	they	had	other	dietary	requirements	[n=15/155].	23%	of	

individuals	 asked	 for	 alterations	 in	 specific	 food	 items	 rather	 than	 a	 specific	 diet	

[n=36/155].			

	

The	majority	 of	 individuals	 (80%[n=122/152])	 on	 a	 pLFD	 also	 consumed	 ‘free-from’	

products	 at	 long	 term	 follow	 up,	 with	 29%	 purchasing	 a	 single	 type	 of	 product	

[n=44/152],	47%	purchasing	two	types	[n=72/152]	and	4%	purchasing	three	of	more	

products	[n=6/152].	The	 commonest	 ‘free-from’	product	 consumed	 for	 individuals	on	

pLFD	at	long	term	follow	up	was	a	gluten	or	wheat	free	product	(68%[n=103/152]),	with	

62%	(n=94/152)	consuming	a	lactose	free	product	and	6%	(n=9/152)	a	low	FODMAP	

product.		

 

3.5	Discussion			
 
This	is	the	largest	multicentre	study	demonstrating	the	efficacy	of	the	low	FODMAP	diet	

in	the	long	term	for	individuals	with	IBS,	with	the	longest	follow	up	duration	to	date.	The	

findings	highlight	that	overall	symptom	response	to	the	low	FODMAP	diet	at	long	term	

follow	up	was	60%.	This	compares	similarly	to	another	long	term	low	FODMAP	study	in	

IBS	 of	 shorter	 follow	 up	 (between	 6-18	 months	 post	 LFD	 advice),	 where	 symptom	
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response	was	reported	at	57%.50	It	has	been	previously	suggested	that	improvement	of	

symptoms	with	the	low	FODMAP	diet	is	dependent	upon	subtype,	with	lowest	symptom	

improvement	noted	in	individuals	with	IBS-C,	in	view	of	the	low	fibre	content	of	the	low	

FODMAP	diet,	with	 the	diet	being	 shown	 to	 reduce	 small	 intestinal	water	 content.27,49	

However,	whilst	dietary	recommended	values	for	fibre	were	not	met	for	the	majority	of	

those	on	the	pLFD,	this	was	not	significantly	different	to	individuals	on	a	habitual	diet.	

Whilst	dietary	recommended	values	for	fibre	were	not	met	for	the	majority	of	individuals	

on	the	pLFD,	it	is	worth	noting	that	the	overall	mean	values	reported	for	fibre	intake	in	

this	study	were	high.	Likewise,	high	overall	mean	values	were	reported	 for	vitamin	C.	

This	could	highlight	 that	individuals	may	have	over-reported	their	intake	of	 fruits	and	

vegetables,	possibly	due	to	the	design	of	the	food	frequency	questionnaire	used	(CNAQ	

tool).	 This	 study	 demonstrated	 the	 efficacy	 of	 the	 low	 FODMAP	 diet	 independent	 of	

subtype,	as	the	low	FODMAP	diet	may	not	target	specific	effects	on	bowel	habits.51		

	

A	 key	 concern	 of	 the	 low	FODMAP	diet	 is	 the	 restrictiveness	 of	 its	 initial	phase,	with	

concerns	 that	 individuals	 remain	 in	 this	 phase	 without	 adequate	 reintroduction	 of	

FODMAPs	to	tolerance.	This	study	demonstrated	that	the	vast	majority	of	individuals	at	

long	term	follow	up	were	on	the	personalisation	phase	of	the	low	FODMAP	diet,	with	only	

a	small	minority	remaining	on	the	strict	reduction	phase	of	the	diet.	Adherence	to	the	low	

FODMAP	diet	appeared	to	be	good	at	long	term	follow	up,	with	symptom	response	better	

in	those	with	strict	adherence	or	minor	lapses	compared	to	those	with	major	lapses.		

 

Individuals	on	the	pLFD	failed	to	meet	total	energy	intake,	and	failed	to	meet	the	majority	

of	macronutrient	indices	in	comparison	to	DRVs,	although	the	majority	of	micronutrient	

indices	were	met.	This	may	highlight	potential	nutritional	concerns	for	the	low	FODMAP	
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diet	at	long	term,	in	particular	macronutrient	intake.	However,	it	is	important	to	note	that	

individuals	on	the	pLFD	had	a	similar	nutritional	intake	to	those	on	a	habitual	diet	at	long	

term	follow	up,	which	highlights	that	this	may	be	a	result	of	dietary	behaviours	in	IBS	as	

a	whole,	rather	than	the	low	FODMAP	diet	itself.	This	has	been	previously	shown,	with	

many	individuals	with	IBS	having	been	shown	to	fail	to	meet	DRVs.69,134	Whilst	a	validated	

food	frequency	questionnaire	was	used	to	assess	nutritional	and	FODMAP	intake,	and	

currently	 the	 most	 validated	 tool	 available,	 potential	 limitations	 remain,	 including	

potential	underreporting	of	total	energy	intakes	using	food	frequency	questionnaires.139	

It	is	important	that	individuals	are	seen	by	a	dietitian	to	help	prevent	potential	nutritional	

deficiencies.			

	

Total	and	specific	FODMAP	group	intake	was	assessed	in	this	study,	with	no	difference	

between	individuals	on	a	pLFD	and	habitual	diet.	Whilst	a	reduction	in	fructan	intake	has	

been	 proposed	 to	 be	 one	 of	 the	 key	 factors	 to	 symptom	 improvement	 in	 IBS,111	 no	

significant	reduction	was	noted	in	those	on	a	pLFD	compared	to	a	habitual	diet,	similar	

to	previous	findings	in	the	literature.50	This	may	be	as	the	low	FODMAP	diet	at	long	term	

is	 a	 personalised	 diet,	 and	 that	 individuals	 may	 have	 differing	 FODMAP	 triggers	 for	

symptoms.	Currently,	it	is	unclear	whether	any	specific	FODMAP	components	are	key	for	

symptom	generation	 in	 IBS.	 In	addition,	 currently	 it	 is	unclear	what	 level	of	FODMAP	

restriction	is	required	to	derive	symptom	benefit	in	IBS,	although	less	than	12g	has	been	

suggested,	 although	not	validated	 in	the	 literature.140	This	 study	demonstrated	higher	

FODMAP	intakes	on	the	pLFD	at	long	term	follow	up,	with	 further	studies	required	to	

elucidate	the	optimal	FODMAP	target	intake	for	symptom	management.	As	there	was	no	

difference	 in	 total	 and	 specific	 FODMAP	 intake	 between	 individuals	 on	 a	 pLFD	 and	 a	

habitual	diet,	the	symptom	benefit	seen	in	this	study	may	be	due	to	other	components	
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rather	than	FODMAPs.	A	subset	of	these	individuals	may	have	had	gluten-sensitive	IBS.	

The	commonest	dietary	requirement	for	patients	on	the	pLFD,	whilst	eating	out	and	‘free-

from’	products,	was	gluten	or	wheat-free	in	this	study.	It	is	likely	that	the	mechanism	for	

symptom	improvement	is	multifactorial,	with	further	studies	required	to	elucidate	the	

pathophysiological	mechanisms.	

		

Whilst	 the	 low	FODMAP	diet	was	 shown	 to	be	effective	at	 long	 term	 follow	up	 in	 the	

majority,	the	diet	had	an	effect	on	sociability	and	food	related	QOL.	Some	of	the	issues	

raised	included	the	low	FODMAP	diet	being	a	more	expensive	diet,	making	it	harder	to	

eat	out,	harder	to	incorporate	the	diet	into	life,	as	well	as	lower	food	and	meal	related	

satisfaction.	These	findings	highlight	the	potential	negative	effects	of	the	low	FODMAP	

diet	 on	 sociability	 and	 health	 related	 QOL	 and	 must	 be	 considered	 prior	 to	

implementation.	However,	this	is	not	unique	to	this	diet	alone,	having	been	demonstrated	

with	the	gluten	free	diet	also.128,141	It	is	also	worth	noting	that	the	low	FODMAP	diet	has	

shown	greater	 improvements	 in	health	 related	QOL,	 anxiety	and	activity	 compared	 to	

traditional	dietary	advice	at	short	term	follow	up.142	

	

The	commonest	dietary	requirement	for	individuals	on	the	pLFD	when	eating	out	was	

gluten	or	wheat	free,	with	gluten	or	wheat	free	from	products	being	the	most	commonly	

consumed.	 This	 highlights	 that	 individuals	 on	 the	 LFD	 at	 long	 term	 follow	 up	 are	

commonly	seeking	a	gluten	or	wheat	 free	diet.	 Individuals	maybe	employing	this,	as	a	

gluten	or	wheat	free	diet	may	lead	to	a	reduction	in	total	fructan	or	FODMAP	intake	and	

thereby	 lead	 to	 symptom	 improvement.	 However,	 currently	 it	 is	 unclear	 which	

component	 of	 wheat	 leads	 to	 symptom	 improvement	 in	 IBS,	 with	 FODMAPs,	 gluten,	

WGAs	and	ATIs	being	suggested	as	potential	triggers	for	symptom	generation	in	IBS.24	
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Further	 mechanistic	 studies	 are	 required	 to	 assess	 which	 wheat	 components	 are	

responsible	for	symptom	generation	in	IBS.	Also,	it	is	possible	that	individuals	may	have	

employed	gluten	or	wheat	free	products	and	requested	this	when	eating	out	as	there	is	

huge	 awareness	 of	 this	 diet,	 with	 relatively	 lower	 awareness	 of	 the	 low	 FODMAP	

diet.133,143	 In	 addition,	 a	 proportion	 of	 individuals	 had	multiple	 dietary	 requirements	

whilst	 eating	 out,	 and	 consumed	 multiple	 free	 from	 products,	 highlighting	 that	

individuals	with	IBS	may	employ	multiple	dietary	alterations.	Whilst	individuals	with	IBS	

may	be	employing	a	gluten	or	wheat	free	diet	to	manage	symptoms,	it	is	essential	that	CD	

is	excluded	prior	to	this,	as	the	presentation	maybe	similar.	In	view	of	this,	patients	with	

CD	were	excluded	in	this	study.				

	

The	strength	of	this	study	was	that	all	participants	analysed	had	received	dietetic	led	low	

FODMAP	advice,	which	was	essential	 to	ensure	the	diet	was	implemented	correctly	as	

recommended	in	the	literature.23	In	addition,	this	was	a	large	multicentre	study	from	non-

specialist	 low	 FODMAP	 centres,	 and	 the	 findings	 are	 likely	 to	 be	 reflective	 of	 clinical	

dietetic	practice	 in	most	centres.	A	weakness	of	 this	study	was	that	baseline	symptom	

data	was	not	available	for	all	participants.	Therefore,	individual	symptom	improvement	

seen	from	baseline	to	long	term	follow	up	was	seen	in	a	subset	of	individuals	analysed,	

and	 may	 not	 be	 representative	 of	 the	 entire	 cohort.	 Despite	 this	 study,	 it	 is	 unclear	

whether	any	specific	FODMAP	groups	are	key	 to	symptom	improvement,	with	 further	

research	required.		

	

To	 conclude,	 the	 low	 FODMAP	 diet	 appears	 to	 be	 effective	 at	 long	 term	 follow	 for	

adequate	relief	of	symptoms	in	the	majority	of	individuals	with	IBS,	with	no	difference	in	

symptom	 response	 by	 subtype.	 The	 diet	 does	 not	 appear	 to	 effect	 nutritional	 intake	
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compared	to	a	habitual	diet	at	long	term	follow	up.	However,	it	appears	that	individuals	

with	IBS	as	a	whole	fail	to	meet	many	nutritional	requirements	on	both	a	habitual	and	

low	 FODMAP	 diet,	 highlighting	 the	 importance	 of	 dietetic	 input.	 It	 appears	 that	 the	

majority	 purchase	 gluten	 or	 wheat	 free	 products	 at	 long	 term	 follow	 up,	 with	 the	

mechanisms	by	which	wheat	inducing	symptoms	in	IBS	requiring	further	research.		

	

3.6	Declaration	of	Published	Work	Used			
 
This	chapter	has	been	published	and	been	reproduced	with	minor	changes.	The	following	

paper	was	used	for	this	chapter;	

	

1. Rej	A,	Shaw	CC,	Buckle	RL,	Trott	N,	Agrawal	A,	Mosey	K,	Sanders	K,	Allen	R,	

Martin	S,	Newton	A.	Robinson	K,	Elphick	D,	Chey	WD,	Aziz	I,	Sanders	DS.	The	

low	FODMAP	diet	for	IBS;	A	multicentre	UK	study	assessing	long	term	follow	

up.	Dig	Liver	Dis	2021;	May	31;S1590-8658(21)00247-4	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



78 
 

Chapter	4	Effectiveness	and	Acceptability	of	Dietary	Therapies	in	Irritable	

Bowel	Syndrome:	A	Randomised	Control	Trial	of	Traditional	Dietary	Advice,	

the	Low	FODMAP	Diet	and	the	Gluten	Free	Diet		

 

4.1	Summary		
	
Background:	 Various	diets	 are	being	proposed	 as	 first-line	therapies	

for	IBS	despite	insufficient	or	low-quality	evidence.	No	study	has	directly	compared	the	

effectiveness	and	acceptability	of,	as	well	as	the	nutritional	and	stool	microbial	changes	

associated	with	TDA	versus	the	low	FODMAP	diet	(LFD)	and	GFD	in	IBS.	Moreover,	there	

is	sparse	data	on	whether	baseline	variables	predict	responsiveness	to	dietary	therapy.	

We	performed	a	randomised	controlled	trial	to	address	this	issue.		

	

Methods:	Patients	with	Rome	IV-defined	IBS	diarrhoea	or	mixed	subtype	were	recruited	

via	two	centres	in	the	United	Kingdom,	and	block	randomised	in	groups	of	up	to	5	(mean	

of	 3)	 to	 receive	 TDA,	 LFD	 or	 a	 GFD	 (the	 latter	 allowing	 for	 minute	 gluten	 cross-

contamination).	Dietary	therapy	commenced	following	face-to-face	or	virtual	dietetic-led	

education,	which	was	delivered	via	group	sessions.	The	primary	endpoint	was	clinical	

response	after	4	weeks	of	dietary	intervention,	as	defined	by	≥	50-point	reduction	in	IBS-

SSS.	 The	 secondary	 endpoint	 was	 a	 ≥	 100-point	 reduction	 in	 IBS-SSS,	 and	 ≥	 30%	

reduction	in	abdominal	pain	scores.	Participants	also	completed	validated	questions	on	

cost,	 convenience,	 and	 nutritional	 intake	 associated	 with	the	 diets.	 Changes	 in	 stool	

dysbiosis	from	baseline	to	week	4	were	also	analysed.	
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Results:	 Of	 the	 114	 recruited	 patients	with	 IBS,	 101	commenced	dietary	 intervention	

(TDA=35,	LFD=33,	GFD=33),	with	two	dropouts	over	the	treatment	period.	The	median	

age	was	34	years,	with	70%	female,	and	a	mean	baseline	 IBS-SSS	of	301.	On	modified	

intention-to-treat	analysis,	the	primary	endpoint	of	≥	50-point	reduction	in	IBS-SSS	was	

met	by	40%	of	those	allocated	TDA,	55%	for	a	LFD,	and	58%	for	a	GFD;	p=0.30.	Clinical	

response	 rates	 to	 diets	 were	 similar	 irrespective	 of	 receiving	 face-to-face	 or	 virtual	

education	 (p=0.95).	 A	 reduction	 of	 ≥	 100-points	 in	 IBS-SSS	was	 seen	 in	 20%	of	 those	

taking	TDA,	39%	with	LFD	and	33%	with	GFD;	p=0.21.	A	reduction	of	≥	30%	in	abdominal	

pain	 scores	 was	 seen	 in	34%	 taking	 TDA,	 58%	 with	 a	 LFD	 and	 39%	 with	 a	 GFD;	

p=0.13.	Individuals	 found	TDA	 significantly	 cheaper,	 tastier,	 less	 time-consuming	 to	

shop,	 easier	 to	 implement	 and	 socially	 more	 convenient	 than	the	 GFD	 and	 LFD.	

Reductions	 in	 macro-	 and	 micro-	 nutrient	 content	 were	 similar	 across	 the	 groups.	

Alterations	 in	 stool	 dysbiosis	 index	 did	 not	 differ	 between	 the	 diets,	 with	 22-29%	

showing	reduced	dysbiosis,	35-39%	no	change,	and	35-40%	increased	dysbiosis;	p=0.99.	

Finally,	clinical	characteristics,	socioeconomic	status	and	baseline	stool	dysbiosis	index	

did	not	predict	response	to	dietary	therapy.	

	

Conclusion:	 TDA,	 LFD	 and	GFD	 are	 effective	 approaches	 for	 individuals	with	 IBS	 but	

differ	with	 regards	 to	 their	 cost	 and	 convenience.	 We	 recommend	 TDA	as	 the	 first-

choice	dietary	option	due	to	its	widespread	availability,	relative	simplicity,	and	patient	

friendliness.	 A	 LFD	 or	 GFD	may	 be	 reserved	 as	 alternative	 options	based	 on	 specific	

patient	preferences	and	specialist	dietetic	input.		

	

	



80 
 

4.2	Introduction			
	

IBS	 is	 a	 common	 functional	 bowel	 disorder,	 with	 a	 pooled	 global	 prevalence	 of	

approximately	 5%.3	 The	 cardinal	 symptoms	 of	 IBS	 are	 chronic	 abdominal	 pain	 and	

altered	bowel	habit,	which	occur	 in	 the	absence	of	organic	pathology	 to	explain	 their	

presence.1	 IBS	 remains	 one	 of	 the	 most	 common	 GI	 disorders	 seen	 in	 primary	 and	

secondary	care,	with	patients	experiencing	substantial	health	impairment	and	healthcare	

utilisation.5	Amongst	 the	therapeutic	 armamentarium	outlined	 for	 the	management	of	

IBS,	dietary	therapies	are	frequently	recommended	early	within	the	treatment	paradigm	

given	 the	 intrinsic	 relationship	 experienced	 between	 food	 and	 the	GI	 tract	 on	 a	 daily	

basis.5	In	fact,	over	80%	of	individuals	with	IBS	report	food	related	symptoms,11,12,132	with	

almost	63%	wanting	to	know	which	food(s)	they	should	avoid.144	

	

In	clinical	practice,	the	last	decade	has	seen	a	growing	interest	in	the	use	of	three	diets	

for	IBS,	which	are	(i)	TDA,	(ii)	a	LFD	and	(iii)	GFD.24	Of	these,	TDA	has	historically	been	

considered	as	the	first-line	dietary	therapy,	and	is	based	upon	guidance	provided	NICE	

and	BDA.19,20	Its	principles	include	adopting	healthy	and	sensible	eating	patterns,	such	as	

having	 regular	 meals,	 maintaining	 adequate	 nutrition,	 limiting	 alcohol	 and	 caffeine	

intake,	adjusting	fibre	intake,	and	reducing	consumption	of	fatty	and	spicy	foods,	whilst	

also	addressing	any	perceived	food	intolerances.	The	LFD	has	gained	enormous	traction	

in	recent	times	and	is	now	widely	considered	as	a	second-line	dietary	therapy	for	IBS,19,20	

although	some	advocate	 that	 it	 should	be	used	as	a	 first-line	 therapy.51	FODMAPs	are	

short-chain	fermentable	carbohydrates	that	are	found	in	a	variety	of	fruits,	vegetables,	

dairy	 products,	 artificial	 sweeteners,	 and	wheat.	 They	 increase	 small	 intestinal	water	

volume	and	colonic	gas	production	that,	in	those	with	visceral	hypersensitivity,	induces	

gastrointestinal	symptoms.26,29	Finally,	the	use	of	a	GFD	without	objective	evidence	of	CD	
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appears	 to	 have	 become	 a	 global	 phenomenon,	 with	 up	 to	 10%	 of	 the	 population	

reporting	gluten-based	products	to	provoke	intestinal	symptoms	compatible	with	IBS.145	

	

However,	whilst	these	three	diets	are	being	heavily	promoted	for	the	management	of	IBS	

they	are	currently	limited	in	their	evidence	base.5,106	The	recommendations	for	TDA	are	

based	on	a	combination	of	clinical	experience	and	the	potential	mechanisms	by	which	

these	 foods	 may	 induce	 gastrointestinal	 symptoms,	 as	 opposed	 to	 RCTs	 (except	 for	

fibre).19	With regards to a LFD, a recent systematic review and meta-analysis of RCTs 

evaluating its efficacy in IBS concluded there to be low quality evidence, mainly to due small 

sample sizes and significant heterogeneity between studies, the latter attributed to the various 

control interventions used (e.g. sham diet, high FODMAP diet, habitual diet or TDA).106 

Interestingly, the few studies that compared the LFD with TDA demonstrated the least 

heterogeneity,	but	also	the	smallest	magnitude	of	effect.	The	use	of	a	GFD	in	IBS	has	also	

come	under	scrutiny,	with	the	systematic	review	and	meta-analysis	identifying	only	two	

robust	 randomised	 control	 studies	 and	 concluding	 there	 to	 be	 currently	 insufficient	

evidence	 but	 welcomed	 further	 studies.106	 Additional	 concerns	 with	 many	 of	 the	

aforementioned	 RCTs	 are	 that	 they	 have	 been	 “feeding	 studies”,	 in	 that	 meals	 were	

freshly	prepared	by	research	facilities	and	provided	for	free	to	study	participants	during	

the	 treatment	 period.	Whilst	 controlled	feeding	 studies	provide	 a	 powerful	means	 for	

testing	 proof-of-concept,	 they	 are	 not	 reflective	 of	 real-life	 clinical	 practise	 where,	

following	dietary	education,	the	onus	would	be	left	upon	patients	to	shop,	purchase	and	

prepare	the	meal	themselves	and	incorporate	into	their	social	and	family	life.	This	may	

be	of	particular	relevance	with	the	conceivably	more	complex	and	restrictive	diets,	such	

as	the	LFD	and	GFD,	which	require	specialist	dietetic	input	prior	to	implementation	and	

incur	 substantial	 pressures	 on	 publicly	 funded	 healthcare	 services.5	 Finally,	 concerns	
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have	 been	 raised	 that	 overly	 restrictive	 diets	 may	 induce	 potentially	 detrimental	

nutritional	and	stool	microbial	changes,	although	the	long	term	implications	of	the	latter	

are	unknown.24,73,146,147	

	

In	summary,	dietary	therapies	are	popular	for	the	management	of	IBS	yet	hindered	by	

insufficient	or	low-quality	evidence,	and	a	lack	of	pragmatic	head-to-head	trials.	There	

has	been	no	study	directly	comparing	the	convenience	and	effectiveness	of	TDA	against	

the	LFD	and	GFD.	A	RCT	was	performed	to	address	this	issue,	whilst	also	investigating	

the	nutritional	 and	 stool	microbial	 changes	associated	with	 implementing	 these	diets.	

Finally,	factors	which	may	predict	a	response	to	dietary	intervention	were	determined,	

as	this	could	have	future	implications	in	providing	personalised	care.		

	

4.3	Materials	and	Methods		
 

4.3.1	Ethical	Approval		
	

The	 study	 was	 carried	 out	 in	 accordance	 with	 the	 Declaration	 of	 Helsinki	 and	 was	

approved	by	HRA	and	Health	and	Care	Research	Wales	[REC	reference	19/WM/0069].	

Written	informed	consent	was	obtained	from	patients.	The	study	commenced	in	August	

2019	and	was	completed	in	May	2021.	The	clinical	trials.gov	number	is	NCT04072991.	

	

4.3.2	Participants	and	Setting		
 
Patients	with	IBS	were	recruited	across	two	secondary	care	centres	in	the	region	of	South	

Yorkshire,	United	Kingdom	(Sheffield	Teaching	Hospitals,	Sheffield	and	Doncaster	Royal	

Infirmary,	Doncaster).	The	inclusion	criteria	were	adults	aged	18	years	and	over,	meeting	

the	Rome	IV	criteria	for	IBS-D	or	IBS-M,	and	with	an	IBS-SSS	of	>75.	Additional	inclusion	
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criteria	included	being	English	literate,	able	to	travel	to	hospital,	and	having	telephone	or	

internet	access.	

	

Exclusion	 criteria	 were	 those	 not	 meeting	 the	 above	 mentioned	 inclusion	 criteria	 or	

anyone	with	 a	 history	 of	 inflammatory	 bowel	 disease,	 celiac	 disease,	 gastrointestinal	

cancer,	 previous	 abdominal	 surgery,	 scleroderma,	 poorly	 controlled	 diabetes,	 severe	

liver/respiratory/cardiac/psychiatric	disease	(with	“severe”	defined	as	repeated	flares,	

recurrent	hospital	or	general	practitioner	attendances,	numerous	medications,	clinically	

appearing	unwell	due	to	that	disease	process),	memory	impairment,	pregnant,	current	

dietary	 interventions,	 recurrent	 or	 current	 use	 of	 probiotics/antibiotics/narcotics,	 or	

currently	titrated	antidepressants	(i.e.	not	on	a	stable	dose).		

	

4.3.3	Randomisation			
	
	

This	was	a	parallel	group	RCT	with	patients	being	allocated	to	TDA,	the	LFD	or	a	GFD	(the	

latter	 not	 being	 a	 strict	 GFD	 as	 would	 be	 expected	 for	 CD,	 but	 allowing	 for	 cross-

contamination	 e.g.	 sharing	 the	 same	 household	 toaster).	 Individuals	 were	 block-

randomised,	 into	 groups	 of	 up	 to	 5	 (mean	 of	 3),	 with	 diets	 given	 in	 1:1:1	 ratio.	 The	

randomisation	 was	 performed	 by	 an	 individual	 not	 involvement	 in	 the	 recruitment	

process.	 Thereafter,	 participants	were	 seen	 by	 specialist	 dietitians	 -	 all	 accredited	 in	

delivering	the	dietary	therapies	 -	where	they	were	only	 informed	of	 the	diet	 they	had	

been	allocated	to	and	blinded	to	the	other	dietary	interventions.	The	dietary	intervention	

was	 delivered	 via	 group	 sessions.	 Dietary	 advice	 was	 delivered	 face-to-face	 via	 a	

standardised	45	minute	presentation,	with	subsequent	time	given	for	questions,	followed	

by	 appropriate	 dietary	 educational	 sheets.	 This	was	 held	 at	 Sheffield	Medical	 School,	
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Sheffield,	UK.	Delivery	of	dietary	therapies	was	transferred	during	the	study	to	a	web-

based	virtual	approach	(via	the	Webex	by	Cisco	platform)	secondary	to	the	COVID	-19	

pandemic,	with	 the	same	 information	delivered	as	with	 face-to-face	advice,	 as	well	 as	

being	 delivered	 via	 groups	 like	 the	 face-to-face	 advice.	 After	 receiving	 dietary	 advice,	

participants	commenced	the	allocated	diet	for	a	4-week	period,	with	outcomes	assessed	

at	4	weeks	and	compared	with	baseline	data.	After	this	4-week	period,	participants	then	

saw	the	dietitian	once	more,	where	they	were	provided	ongoing	standard	care,	with	the	

trial	ending.	Standard	care	was	defined	as	care	which	would	be	normally	delivered	as	

part	of	routine	NHS	care	e.g.	if	the	patient	had	received	TDA	and	not	responded	in	the	

study,	they	were	offered	to	undertake	the	LFD	as	part	of	routine	NHS	care.		

	

4.3.4	Questionnaires	
 
Participants	provided	baseline	demographic	data.	Their	postcode	was	used	to	determine	

socioeconomic	status	using	the	Index	of	Multiple	Deprivation	(IMD)	2019,	a	composite	of	

seven	 different	 domains	 representing	 income,	 employment,	 education,	 skills	 and	

training,	health	deprivation	and	disability,	crime,	barriers	to	housing	and	services,	and	

living	environment.	The	IMD	was	used	to	group	individuals	into	quintiles,	with	1	being	

the	most	deprived	and	5	being	least	deprived.	IMD	was	evaluated	as	socioeconomic	status	

may,	in	part,	contribute	towards	an	individual’s	biopsychosocial	model,	the	presence	of	

IBS,	and	also	how	individuals	respond	to	dietary	therapies.		

	

The	following	questionnaires	were	completed	pre-	and	post-	dietary	intervention:	

a) IBS-symptom	severity	score	(IBS-SSS)55	–	this	is	a	frequently	used	assessment	in	

clinical	 studies	where	 responders	 rate,	 over	 the	 preceding	 10	days,	 abdominal	
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pain	 severity,	 pain	 frequency,	 bloating,	 bowel	 habit	 dissatisfaction,	 and	 life	

interferences	 related	 to	 bowel	 symptoms.	 The	 maximum	 cumulative	 score	

available	is	500,	and	subjects	can	be	classified	as	having	no	symptoms	(<75),	to	

mild	 (75–175),	moderate	 (175-300),	 and	 severe	 IBS	 (>300).	 A	 reduction	 of	50	

points	is	considered	to	confer	a	clinical	improvement	and	was	the	primary	end-

point	of	this	study	(Appendix	5).		

	

b) Hospital	Anxiety	and	Depression	Scale	 (HADS)148	 -	 is	 a	psychological	 screening	

tool	to	which	there	are	in	total	14	items,	seven	each	for	depression	and	anxiety.	

Each	item	is	rated	from	0	(not	present)	to	3	(maximum),	giving	a	cumulative	score	

for	each	subscale	to	range	from	0	to	21.	A	subscale	score	of	≥11	is	used	to	indicate	

a	clinically	significant	level	of	anxiety	or	depression	(Appendix	6).	

	

c) The	patient	health	questionnaire	(PHQ)-12	non-GI	somatic	symptoms	scale149	 -	

The	 PHQ-12	 records	 bothersome	 non-GI	 symptoms	 over	 the	 past	 month.	 The	

twelve	 symptoms	 assessed	 are	 back	 pain,	 limb	 pain,	 headaches,	 chest	 pain,	

dizziness,	 fainting	 spells,	 palpitations,	 breathlessness,	 menstrual	 cramps,	

dyspareunia,	insomnia,	and	lethargy.	Subjects	were	asked	to	rate	how	much	they	

had	 been	 troubled	 by	 these	 12	 symptoms	 over	 the	 last	 four	weeks	 as	 0	 (“not	

bothered	at	all”),	1	(“bothered	a	little”),	or	2	(“bothered	a	lot”).	Responses	were	

used	to	calculate	the	number	of	sites	reporting	somatic	symptoms	(ranging	from	

0	to	12)	and	the	somatisation	severity	score	(ranging	from	0	to	24),	which	was	

categorised	as	minimal	(£3),	low	(4-7),	medium	(8-12)	and	high	(≥	13)	(Appendix	

7).		
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d) The	IBS	quality	of	life	(IBS-QOL)	questionnaire150	-	this	consists	of	34	questions	

which	are	summed	and	averaged	for	a	 total	score,	 in	addition	to	eight	subscale	

scores	(Dysphoria,	Interference	with	Activity,	Body	Image,	Health	Worries,	Food	

Avoidance,	 Social	 Reaction,	 Sexuality,	 Social	 Relationship).	 Total	 and	 subscale	

scores	are	transformed	to	a	0-100	scale.	Higher	scores	indicate	better	IBS-specific	

QOL	(Appendix	8).	

	

e) The	 acceptability	 of	 dietary	 restriction	 questionnaire	 is	 based	 on	 the	 adapted	

nutrition	 related	QOL	questionnaire137	 -	 responses	 are	 recorded	using	 a	 Likert	

scale,	with	the	responses	of	agree,	neutral	and	disagree	(Appendix	2)..	

	

f) The	food	related	QOL	questionnaire	is	a	seven-item	questionnaire	based	on	the	

food-related	 QOL	 tool	 (Satisfaction	 with	 Food-related	 Life)151	 -	 Responses	 are	

recorded	on	Likert	scale,	as	either	agree,	neutral	and	disagree	(Appendix	3)..		

	

g) Comprehensive	Nutrition	Assessment	Questionnaire	 (CNAQ)138	 -	 this	 is	 a	 semi-

quantitative	food	frequency	questionnaire,	consisting	of	297	questions,	assessing	

macronutrient	 and	 micronutrient	 intake,	 as	 well	 as	 FODMAPs,	 fibre,	 starch,	

glycaemic	index	and	glycaemic	load	(Appendix	4)..	

	

	

4.3.5	Stool	Samples		
 
 

Participants	were	provided	with	stool	collection	kit.	They	were	then	invited	to	complete	

a	stool	sample	at	home,	and	participants	were	asked	to	store	samples	in	their	home	fridge	
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one	 day	 overnight	 if	 needed	 prior	 to	 collection.	 Stool	 samples	 were	 subsequently	

collected	 from	participants,	 both	 pre-	 and	 post-	 dietary	 intervention,	 and	were	 batch	

stored	immediately	in	a	-80	degree	freezer	until	completion	of	the	study.	However,	during	

the	 start	 of	 the	 COVID-19	 pandemic	 and	 the	 uncertainties	 surrounding	 collection	 and	

storage	of	stool,	this	process	was	temporarily	suspended	and	resumed	once	it	was	felt	

safe	to	do	so.	Hence,	stool	samples	were	collected	in	around	half	of	cases.		

	

On	study	completion,	samples	were	shipped	on	dry	ice	to	Norway	for	analysis.	The	GA-

map™	 Dysbiosis	 test	 was	 used	 to	 analyse	 samples,	 which	 is	 a	 gut	 microbiota	

deoxyribonucleic		acid	(DNA)	analysis	tool	which	can	identify	and	characterize	dysbiosis	

from	a	faecal	sample.152	The	test	allows	for	mapping	of	select	bacteria,	and	is	based	on	

DNA	profiling	using	probes	to	target	variable	regions	(V3	to	V7	regions)	of	bacteria	16S	

ribosomal	 RNA	 (rRNA)	 gene	 to	 characterize	 if	 bacteria	 are	 present.	 Each	 probe	 was	

designed	to	target	a	bacterial	species	or	group,	based	on	their	16S	rRNA	sequence.152		

	

Probes	were	 selected	 on	 ability	 to	 differentiate	 between	 healthy	 individuals,	 IBS	 and	

IBD.152	 The	 probe	 set	 consisted	of	 48	 probes,	detecting	 bacteria	within	 the	 six	 phyla;	

Firmicutes,	 Proteobacteria,	 Bacteroidetes,	 Actinobacteria.	 Tenericutes	 and	

Verrucomicrobia.	On	analysis,	bacterial	profiles	were	assigned	an	overall	dysbiosis	index	

(DI),	on	a	scale	set	from	0	to	5.152	A	DI	score	of	2	or	lower	was	classified	as	being	within	

the	non	dysbiotic	region	compared	to	the	normobiotic	reference	cohort.	A	DI	of	greater	

than	 2	 was	 considered	 to	 be	 dysbiotic,	 with	 a	 higher	 DI	 number	 indicating	 greater	

dysbiosis	from	the	reference	range.152		
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Relative	 bacterial	 abundance	 was	 also	 supplied	 for	 each	 probe	 in	 comparison	 to	 the	

normobiotic	reference	range,	with	values	ranging	from	-3	to	+3	(dependent	upon	probe),	

with	-3	being	strongly	reduced	levels	of	bacteria	compared	to	the	reference	range,	and	+3	

being	strongly	elevated	levels	of	bacteria.		

	

In	addition,	functional	bacterial	profiles	were	given,	with	functional	properties	deduced	

from	 specific	 bacteria	 profiles;	 the	 bacterial	 markers	 of	 Anaerobutyricum	 hallii,	

[Eubacterium]	 rectale	 and	 Faecalibacterium	 prausnitzii	 were	 used	 to	 assess	 butyrate	

producing	bacteria,	Faecalibacterium	prausnitzii	and	Akkermansia	muciniphila	were	used	

to	assess	gut	mucosa	protective	bacteria,	Faecalibacterium	prausnitzii	was	used	to	assess	

gut	intestinal	health,	Faecalibacterium	prausnitzii,	Ruminococcus	gnavus,	Proteobacteria,	

Shigella	 spp.	 and	 Escherichia	 spp.	 were	 used	 to	 assess	 intestinal	 epithelial	 barrier,	

Proteobacteria,	 Shigella	 spp.	&	 Escherichia	 spp.	were	 used	 to	 assess	 pro-inflammatory	

bacteria.		

	

4.3.6	Endpoints		
 
The	 primary	 endpoint	was	 clinical	 response	 after	 4	weeks	 of	 dietary	 intervention,	 as	

defined	by	≥	50-point	reduction	in	IBS-SSS.	Secondary	endpoint	included	i)	a	≥	100-point	

reduction	in	the	IBS-SSS,	ii)	a	≥	30%	reduction	in	abdominal	pain	iii)	changes	in	anxiety,	

depression,	 somatisation,	 quality	 of	 life,	 nutritional	 intake,	 gut	 microbiota	 and	 iv)	

convenience	of	 implementing	the	dietary	therapies.	 	An	assessment	was	also	made	on	

whether	 baseline	 factors	 (age,	 gender,	 IMD,	 mood,	 somatisation,	 stool	 DI)	 might	 be	

associated	with	a	clinical	response	to	dietary	therapy.	
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4.3.7	Sample	Size				
 
The	 primary	 end	 point	 in	 this	 trial	 was	 the	 proportion	 of	 responders	 to	 the	 dietary	

intervention	based	on	the	recommended	cut-off	of	a	reduction	in	IBS-SSS	≥50,	which	is	

considered	 to	 reflect	 a	 clinically	 meaningful	 improvement.55	 In	 line	 with	 a	 previous	

dietary	study	in	IBS	using	the	same	endpoint,43	a	power	calculation	based	on	the	ability	

to	detect	a	difference	between	diets	in	reduction	of	IBS-SSS	of	at	least	50	points,	with	80%	

power	 at	 α	 =	 0.05,	 assuming	 a	 standard	 deviation	 of	 70,153	 indicated	 that	 at	 least	 31	

patients	in	each	group	were	required.	To	anticipate	for	~10%	attrition	rate,	the	aim	was	

to	recruit	between	33-35	participants	per	arm.	

	

4.3.8	Statistical	Analysis				
 
Analyses	were	 based	 on	 intention-to-treat	 (ITT)	 principle,	 which	was	 a	modified	 ITT	

(mITT),	analysing	all	participants	who	were	deemed	to	have	commenced	the	intervention	

(i.e.	provided	baseline	symptom	data	prior	to	intervention,	in	addition	to	any	data	post	

intervention).	 To	 assess	whether	 inclusion	 of	participants	who	 failed	 to	 complete	 the	

study	may	have	led	to	bias	in	the	primary	outcome,	sensitivity	analysis	was	performed	

using	per-protocol	analysis	for	the	primary	outcome.	Stool	samples	were	analysed	using	

per-protocol	 analysis.	 All	 data	 was	 analysed	 using	 SPSS	 version	 26	 (International	

Business	Machines,	Armonk,	NY)	and	GraphPad	Prism	version	8.0	(GraphPad	Software,	

San	Diego,	California).	Statistical	significance	was	considered	when	p<0.05.		

	

Categorical	variables	were	summarised	by	descriptive	statistics,	including	total	numbers	

and	percentages,	with	comparisons	between	groups	performed	using	chi-square	testing.	

Normality	 was	 assessed	 for	 by	 using	 the	 Shapiro-Wilk	 test.	 Parametric	 data	 were	

summarized	by	mean	and	standard	deviation,	with	difference	between	multiple	groups	



90 
 

performed	using	one-way	analysis	of	variance,	with	post-hoc	tests	(if	required)	using	the	

Bonferroni	correction.	Within	group	comparisons	for	parametric	data	were	analysed	by	

using	paired	t	tests.	Non-parametric	data	were	summarised	by	median	and	range,	with	

difference	between	multiple	groups	being	performed	by	using	the	Kruskal	Wallis	 test,	

with	post-hoc	tests	performed	if	required.	Within	group	comparisons	for	non-parametric	

data	were	performed	by	using	the	Wilcoxon	test.	Missing	data	was	replaced	using	the	last	

observation	 carried	 forward	method.	 	Where	no	baseline	outcome	data	was	available,	

data	was	excluded	from	analysis.		

	

Binary	logistic	regression	was	used	to	assess	predictors	for	response	to	dietary	therapies,	

with	 univariate	 analysis	 used	 initially,	 with	 multivariate	 analysis	 if	 significance	 was	

noted.		

	

4.4	Results			

A	total	of	114	participants	were	recruited,	with	101	participants	commencing	the	dietary	

intervention	following	randomisation	(TDA,	n=35;	LFD,	n=33;	GFD,	n=33).	A	total	of	99	

participants	completed	the	study	(see	Figure	6).	There	was	no	difference	noted	in	any	

baseline	variables	between	groups	(see	Table	11).	The	median	age	was	34	years,	with	

70%	female,	89%	of	white	race,	75%	IBS-D	and	25%	IBS-M.	The	mean	baseline	IBS-SSS	

was	301,	with	9%	having	mild	IBS,	47%	moderate	IBS	and	45%	severe	IBS.		
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Figure	6:	Flow	of	participants	during	trial	
	
mITT;	modified	intention	to	treat	analysis,	PP;	per	protocol	analysis	
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Table	11:	Baseline	Demographics		

	

	

	

	

	

	

	

	

	

	

	

	

	

	
	
 

TDA;	Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet,	IMD;	Index	of	Multiple	Deprivation,	Comparison	

between	groups	made	using	chi	squared	test			Yn=1	did	not	wish	to	declare	gender		*n=2	missing	

	
	

4.4.1	Clinical	Response				

The	 primary	 endpoint	 of	 ≥	 50-point	 reduction	 in	 IBS-SSS	 was	 met	 by	 40%	 of	 those	

allocated	TDA,	55%	for	a	LFD,	and	58%	for	a	GFD,	with	no	significant	difference	between	

the	 groups;	 p=0.30	 (Figure	 7).	 On	 sensitivity	 analysis,	 using	 per-protocol	 analysis,	

findings	were	confirmed,	with	no	significant	difference	noted	between	groups	(p=0.43).	

A	reduction	of	≥	100-points	in	IBS-SSS	was	seen	in	20%	of	those	taking	TDA,	39%	with	

LFD	 and	 33%	with	GFD;	 p=0.21	 (Figure	7).	A	 reduction	 of	 ≥	 30%	 in	 abdominal	 pain	

scores	was	seen	in	34%	taking	TDA,	58%	with	a	LFD	and	39%	with	a	GFD;	p=0.13.		

		

Demographics	 TDA	 LFDY	 GFD	 Overall	

Comparison	
between	
groups	
p-value	

Gender	 	 	 	 	 	
								Male	n	(%)	 9	(26)	 8	(25)	 12	(36)	 29	(29)	

0.52	
		Female	n	(%)	 26	(74)	 24	(75)	 21	(64)	 71	(70)	

Age	(years)	median	
(IQR)	 38	(25)	 31	(16)	 35	(22)	 34	(22)	 0.60	

BMI	(kg/m2)	mean	
±	SD*	 27	(10)	 26	(11)	 24	(8)	 25	(10)	 0.33	

IBS-SSS	mean	±	SD	 291	(91)	 296	(87)	 316	(92)	 301	(90)	 0.48	
IBS-SSS	category		 	 	 	 	 	
								Mild	n	(%)	 4	(11)	 3	(9)	 2	(6)	 9	(9)	

0.47									Moderate	n	(%)	 18	(51)	 17	(52)	 12	(36)	 47	(47)	
								Severe	n	(%)	 13	(37)	 13	(39)	 19	(58)	 45	(45)	
IMD	Quintiles	 	 	 	 	 	
									Q1	n	(%)	 7	(20)	 9	(27)	 12	(36)	 28	(28)	

0.10	
									Q2	n	(%)	 4	(11)	 9	(27)	 1	(3)	 14	(14)	
									Q3	n	(%)	 11	(31)	 6	(18)	 8	(24)	 25	(25)	
									Q4	n	(%)	 7	(20)	 7	(21)	 4	(12)	 18	(18)	
									Q5	n	(%)		 6	(17)	 2	(6)	 7	(21)	 15	(15)	
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No	significant	differences	were	noted	in	the	change	in	IBS-SSS,	abdominal	pain	severity,	

abdominal	frequency,	abdominal	distension	severity,	bowel	satisfaction	and	interference	

with	life	in	general	between	all	three	groups	(see	Table	12).		

	

Clinical	response	rate	(≥	50-point	reduction	in	IBS-SSS)	to	dietary	therapies	did	not	differ	

between	 face-to-face	 (n=30)	 compared	 to	 virtual	 education	 (n=71);	 overall	 response	

50%	vs.	51%,	p=0.95	[TDA	33%	vs.	42%,	p=0.64,	LFD	60%	vs.	52%,	p=0.68,	GFD	55%	vs.	

59%,	p=0.80].		

	

IBS	 subtype	 did	 not	 affect	 clinical	 response	 rate	 (≥	 50-point	 reduction	 in	 IBS-SSS)	 to	

dietary	therapies;	overall	response	53%	IBS-D	vs.	44%	IBS-M,	p=0.45	[TDA	43%	vs.	29%,	

p=0.49;	 LFD	 63%	 vs.	 33%,	 p=0.13;	 GFD	 54%	 vs.	 67%,	 p=0.52].		

	

Figure	7:	Response	rate	to	dietary	therapies			

IBS-SSS;	Irritable	bowel	syndrome-symptom	severity	scale,	TDA;	traditional	dietary	
advice,	GFD;	gluten	free	diet
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Table	12:	IBS-SSS,	HADS,	PHQ-12	and	IBS-QOL		

Symptom	Score		

Intervention	
Comparison	
of	change	
between	
groups	
p-value	

TDA	 LFD	 GFD	

Baseline	 Week	4	 Change	

Baseline	
vs	

Week	4	
p-value	

Baseline	 Week	4	 Change	

Baseline	
vs		

Week	4	
p-value	

Baseline	 Week	4	 Change	

Baseline	
vs		

Week	4	
p-value	

IBS-SSS;	mean	(SD)	 	 	 	 	 	 	 	 	 	 	 	 	 	

						Total	Score									 291	(91)	 258	(112)	 33	(105)	 <0.01	 296	(87)	 219	(114)	 77	(116)	 0.04						 316	(92)	 251	(126)	 66	(80)	 <0.01	 0.10	

						Abdominal	Pain	severity	 47	(28)	 44	(31)	 3	(27)	 0.50	 47	(27)	 30	(26)	 18	(31)	 <0.01	 53	(25)	 41	(27)	 12	(29)	 0.03	 0.11	
						Number	of	days	in	pain	every	10	
days	 5.9	(2.8)	 4.6	(3.2)	 1.3	(2.8)	 0.01	 5.8	(3.1)	 4.3	(2.8)	 1.5	(3.0)	 0.01	 6.5	(2.3)	 4.9	(3.1)	 1.5	(2.6)	 <0.01	 0.92	

					Abdominal	distention	severity		 50	(30)	 46	(31)	 5	(38)	 0.47	 55	(32)	 42	(31)	 13	(31)	 0.02	 55	(29)	 39	(34)	 16	(20)	 <0.01	 0.28	

					Satisfaction	with	bowel	habits	 65	(27)	 62	(25)	 3	(28)	 0.55	 69	(28)	 55	(29)	 14	(38)	 0.04	 76	(22)	 63	(28)	 13	(18)	 <0.01	 0.23	

					Interference	with	life	in	general	 70	(22)	 60	(26)	 10	(29)	 <0.05	 67	(26)	 50	(32)	 17	(30)	 <0.01	 67	(21)	 58	(32)	 9	(20)	 0.01	 0.19	

HADS	 	 	 	 	 	 	 	 						 	 	 	 	 	
						Abnormal	HADS-anxiety		
						levels	(≥11);	n	(%)	 12	(34)	 12	(34)	 0	(0)	 1.00	 17	(52)	 11	(33)	 6	(19)	 0.14	 17	(52)	 13	(39)	 4	(13)	 0.32	 	

						Abnormal	HADS-depression		
						levels	(≥11);	n	(%)	 4	(11)	 5	(14)	 -1	(-3)	 0.72	 7	(21)	 10	(30)	 -3	(-9)	 0.40	 7	(21)	 6	(18)	 1	(3)	 0.76	 	

PHQ-12	 	 	 	 	 	 	 	 	 	 	 	 	 	

						PHQ-12	score;	median	(IQR)		 9.0	(7.0)	 8.0	(5.0)	 1.0	(4.0)	 0.05	 9.0	(5.0)	 8.0	(5.0)	 1.0	(4.0)	 0.06	 8.0	(5.0)	 8.0	(7.0)	 0.0	(3.0)	 0.39	 0.63	

						Number	of	somatic	symptoms;	
mean	(SD)	 6.7	(2.6)	 6.4	(2.2)	 0.3	(1.8)	 0.32	 6.2	(2.5)	 5.8	(2.4)	 0.4	(1.9)	 0.24	 6.3	(2.2)	 5.8	(2.6)	 0.5	(2.0)	 0.13	 0.88	

						Level	of	somatisation	severity		 	 	 	 	 	 	 	 	 	 	 	 	 	

																Minimal;	n	(%)	 3	(9)	 2	(6)	 	

0.57	

4	(12)	 3	(9)	 	

0.69	

3	(9)	 8	(24)	 	

0.36	

	

																Low;	n	(%)	 12	(34)	 13	(37)	 	 11	(33)	 13	(39)	 	 12	(36)	 8	(24)	 	 	

																Medium;	n	(%)		 11	(31)	 15	(43)	 	 12	(36)	 14	(42)	 	 13	(39)	 13	(39)	 	 	

																High;	n	(%)		 9	(26)	 5	(14)	 	 6	(18)	 3	(9)	 	 5	(15)	 4	(12)	 	 	
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IBS-SSS;	Irritable	bowel	syndrome	symptom	severity	scale,	HADS;	Hospital	Anxiety	and	Depression	scale,	PHQ-12;	Patient	Health	Questionnaire-12,	IBS-QOL;	Irritable	Bowel	Syndrome-Quality	of	Life.	TDA;	

Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet,	Within	group	changes	for	IBS-SSS	analysed	using	paired	t	test,	Change	between	groups	for	IBS-SSS	analysed	using	ANOVA.	Within	

group	changes	for	HADS	analysed	using	chi	squared	test,	Within	group	changes	for	PHQ-12	analysed	using	Wilcoxon	test,	Change	between	groups	for	PHQ-12	analysed	using	Kruskal	Wallis	test,	Within	

group	changes	for	somatic	symptoms	analysed	using	paired	t	test,	Change	between	groups	for	number	of	somatic	symptoms	analysed	using	ANOVA,	Within	group	changes	for	level	of	somatisation	severity	

analysed	using	chi	squared	test,	Within	group	changes	for	IBS-QOL	analysed	using	paired	t	test,	Change	between	groups	for	IBS-QOL	analysed	using	ANOVA	with	post	hoc	correction	for	dysphoria.			

 
 
 
 
 
 
 
 
 
 
 

IBS-QOL	

								IBS-QOL	score;	mean	(SD)	 52	(19)	 55	(22)	 -3	(15)	 0.25	 51	(21)	 61	(24)	 -10	(15)	 <0.01	 60	(26)	 65	(26)	 -4	(12)	 0.04	 0.10	

																Dysphoria		 51	(24)	 55	(26)	 -3	(20)	 0.31	 48	(26)	 65	(27)	 -17	(19)	 <0.01	 60	(32)	 65	(32)	 -5	(11)	 0.02	 <0.01	

																Interference	with	activity	 49	(21)	 54	(25)	 -5	(14)	 0.06	 45	(27)	 56	(27)	 -12	(20)	 <0.01	 57	(29)	 62	(28)	 -5	(15)	 0.05	 0.19	

																Body	image	 53	(24)	 	55	(21)	 -3	(18)	 0.38	 45	(25)	 54	(25)	 -9	(20)	 0.02	 63	(25)	 67	(30)	 -4	(16)	 0.15	 0.38	

																Health	worries	 57	(21)	 55	(26)	 2	(19)	 0.56	 62	(25)	 69	(25)	 -7	(18)	 0.04	 62	(27)	 69	(24)	 -7	(18)	 0.04	 0.08	

																Food	avoidance		 39	(27)	 39	(29)	 0	(22)	 0.95	 45	(32)	 48	(27)	 -3	(33)	 0.61	 45	(33)	 47	(30)	 -2	(22)	 0.61	 0.87	

																Social	Reaction		 52	(24)	 57	(27)	 -5	(22)	 0.18	 51	(28)	 62	(29)	 -10	(19)	 <0.01	 62	(26)	 66	(28)	 -4	(18)	 0.23	 0.35	

																	Sexuality	 63	(34)	 66	(30)	 -3	(18)	 0.35	 70	(30)	 70	(28)	 -1	(22)	 0.85	 75	(27)	 75	(31)	 0	(20)	 0.94	 0.84	

																	Social	relationship	 62	(26)	 67	(25)	 -4	(21)	 0.24	 64	(29)	 68	(29)	 -5	(22)	 0.25	 70	(25)	 75	(26)	 -5	(16)	 0.10	 1.00	
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4.4.2	Impact	on	depression,	anxiety,	somatisation	and	quality	of	life					

No	 differences	 were	 noted	 in	 the	 proportion	 of	 individuals	 with	 clinical	 anxiety	 or	

depression	after	the	TDA,	LFD	and	GFD	(see	Table	12).		

	

No	 improvement	 in	 PHQ-12	 scores,	 number	 of	 somatic	 symptoms	 and	 level	 of	

somatisation	severity	were	noted	after	any	of	the	dietary	therapies,	with	no	differences	

between	groups	(see	Table	12).		

	

There	was	no	 significant	difference	 in	 IBS-QOL	change	between	groups,	or	any	of	 the	

subscale	 measures,	 except	 dysphoria	 scores	 being	 significantly	 greater	 on	 the	 LFD	

compared	to	TDA	and	GFD	(see	Table	12).		

	

4.4.3	Acceptability	of	dietary	restriction	and	food	related	QOL		

A	larger	proportion	of	individuals	on	the	LFD	and	GFD	took	longer	to	shop	for	their	diet	

compared	to	those	allocated	TDA	(TDA,	37%	agree;	LFD,	79%	agree;	GFD,	70%	agree;	

p<0.01).	Food	labelling	was	noted	to	be	most	adequate	on	the	GFD	(TDA,	54%	agree;	LFD,	

61%	 agree;	 GFD,	 85%	 agree;	 p=0.04).	 The	 GFD	 and	 LFD	 were	 noted	 to	 be	 the	 most	

expensive	(TDA,	46%	agree;	LFD,	82%	agree;	GFD,	82%	agree;	p<0.01).	Eating	out	with	

family	and	friends	was	harder	with	the	LFD	and	GFD	(TDA,	49%	agree;	LFD,	67%	agree;	

GFD,	67%	agree;	p=0.02).	A	larger	proportion	of	individuals	on	TDA	found	their	diet	tasty	

and	enjoyable	(TDA,	51%	agree;	LFD,	42%	agree;	GFD,	39%	agree;	p=0.04)	and	easier	to	

incorporate	into	their	life	(TDA,	54%	agree;	LFD,	33%	agree;	GFD,	46%	agree;	p=0.02)	

[Table	13].		
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A	 greater	 proportion	 of	 individuals	 on	 the	 GFD	 noted	 food	 and	meals	 were	 positive	

elements	of	their	life	compared	to	those	on	a	LFD	and	TDA	(TDA,	49%	agree;	LFD,	52%	

agree;	GFD,	67%	agree;	p=0.04).	A	larger	proportion	of	individuals	on	TDA	were	generally	

pleased	with	 their	 food	 (TDA,	 67%	agree;	 LFD,	 46%	agree;	 GFD,	 52%	agree;	 p<0.05)	

[Table	13].		

	

The	proportion	of	individuals	who	would	consider	continuing	the	diets	were	70%	(n=23)	

for	TDA,	67%	(n=22)	for	the	LFD	and	61%	(n=20)	for	the	GFD,	with	no	difference	between	

groups	(p=0.73).		
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Table	13:	Acceptability	of	Dietary	Restriction	and	Food	Related	Quality	of	Life		
	

UK; United Kingdom, QOL; Quality of Life, TDA; Traditional Dietary Advice, LFD; Low FODMAP diet, GFD; Gluten Free Diet, Comparison between groups made using chi squared test

 

Agree 
n (%) 

Neutral 
n (%) 

Disagree 
n (%) 

Comparison 
between groups 

p-value TDA LFD GFD TDA LFD GFD TDA LFD GFD 

Acceptability of dietary restriction            
I find it easy to buy suitable foods for my current 
diet at my normal supermarkets or shops 21 (60) 12 (36) 18 (55) 13 (37) 13 (39) 11 (33) 1 (3) 8 (24) 4 (12) 0.08 

I am able to buy foods suitable for my current diet 
at my normal supermarkets or shops 25 (71) 18 (55) 26 (79) 7 (20) 11 (33) 6 (18) 3 (9) 4 (12) 1 (3) 0.27 

I use high street/online specialty shops (e.g. health 
food shops) to buy food for my current diets          13 (37) 3 (9) 9 (27) 7 (20) 7 (21) 7 (21) 15 (43) 23 (70) 17 (52) 0.10 

It takes extra time to shop for my current diet 13 (37) 26 (79) 23 (70) 9 (26) 4 (12) 8 (24) 13 (37) 3 (9) 2 (6) <0.01 
I find food labelling is adequate to allow me to 
confidently choose suitable foods 19 (54) 20 (61) 28 (85) 14 (40) 9 (27) 3 (9) 2 (6) 4 (12) 2 (6) 0.04 

The cost of my current diet is more expensive 16 (46) 27 (82) 27 (82) 10 (29) 3 (9) 6 (18) 9 (26) 3 (9) 0 (0) <0.01 
Does eating out at restaurants make it more 
difficult for you to follow your current diet? 19 (54) 20 (61) 19 (58) 11 (31) 12 (36) 11 (33) 5 (14) 1 (3) 3 (9) 0.62 

Does eating out at friends/families make it more 
difficult for you to follow your current diet? 17 (49) 22 (67) 22 (67) 8 (23) 10 (30) 9 (27) 10 (29) 1 (3) 2 (6) 0.02 

Does travel (overseas/UK) make it more difficult 
for you to follow your current diet?          20 (57) 15 (46) 13 (39) 11 (31) 16 (49) 18 (55) 4 (11) 2 (6) 2 (6) 0.38 

Overall, I find my current diet tasty and enjoyable 18 (51) 14 (42) 13 (39) 11 (31) 9 (27) 18 (55) 6 (17) 10 (30) 2 (6) 0.04 

I can incorporate my current diet easily into my life 19 (54) 11 (33) 15 (46) 14 (40) 11 (33) 15 (46) 2 (6) 11 (33) 3 (9) 0.02 
My current dietary needs have created stress with 
my family/friends 4 (11) 6 (18) 8 (24) 13 (37) 7 (21) 10 (30) 18 (51) 20 (61) 15 (46) 0.44 

Food Related QOL           

Food and meals are positive elements of my life 17 (49) 17 (52) 22 (67) 13 (39) 6 (18) 8 (24) 3 (9) 10 (30) 3 (9) 0.04 

I am generally pleased with my food 22 (67) 15 (46) 17 (52) 8 (24) 9 (27) 14 (42) 3 (9) 9 (27) 2 (6) <0.05 

My life in relation to food and meals is close to my 
ideal 6 (18) 7 (21) 7 (21) 14 (42) 11 (33) 19 (58) 13 (39) 15 (46) 7 (21) 0.26 

With regard to food, the conditions of my life are 
excellent 4 (12) 6 (18) 9 (27) 18 (55) 12 (36) 17 (52) 11 (33) 15 (46) 7 (21) 0.18 

Food and meals give me satisfaction in daily life 20 (61) 15 (46) 18 (55) 9 (27) 6 (18) 10 (30) 4 (12) 12 (36) 5 (15) 0.13 
I wish my meals were much more pleasant part of 
my life 11 (33) 20 (61) 13 (39) 11 (33) 7 (21) 13 (39) 11 (33) 6 (18) 7 (21) 0.16 

When I think of my next meal, I only see problems, 
obstacles and disappointments 4 (12) 11 (33) 7 (21) 11 (33) 13 (39) 13 (39) 18 (55) 9 (27) 13 (39) 0.16 
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4.4.4	Nutritional	intake	and	FODMAP	composition			
	

The	proportion	of	individuals	meeting	recommended	DRVs	for	macronutrients	following	

all	 three	 diets	 did	 not	 change	 from	 pre-intervention.	 However,	 a	 reduction	 in	 the	

proportion	of	individuals	meeting	DRVs	for	potassium	and	iron	was	noted	with	TDA.	A	

reduction	 in	the	proportion	of	 individuals	meeting	DRVs	 for	 thiamine	and	magnesium	

was	noted	both	on	the	LFD	and	GFD.	The	majority	of	 individuals	across	all	 three	diets	

failed	to	meet	DRVs	for	total	energy	intake	both	pre-	and	post-intervention	[see	Table	

14].		

	

There	were	no	significant	differences	in	both	macronutrient	and	micronutrient	change	

between	all	three	diets,	although	there	was	a	trend	towards	a	greater	reduction	in	fibre	

intake	on	the	LFD	compared	to	the	GFD	and	TDA	(p=0.06)	[Table	15].		

	

In	terms	of	FODMAP	intake,	individuals	taking	TDA	had	a	significant	reduction	in	fructo-

oligosaccharides,	 lactose,	 mannitol	 and	 total	 FODMAP	 intake	 (24.9g/day	 pre-

intervention	to	15.2g/day	on	TDA;	p<0.01).	The	LFD	led	to	a	reduction	in	all	FODMAPs	

(27.7g/day	pre-intervention	 to	7.6g/day	on	LFD;	p<0.01).	 Individuals	on	a	GFD	had	a	

reduction	in	fructo-oligosaccharides,	galacto-oligosaccharides	and	total	FODMAP	intake	

(27.4g/day	 pre-intervention	 to	 22.4g/day	 on	 a	 GFD;	 p=0.03).	 In	 terms	 of	 change	 in	

FODMAP	 intake	 between	 groups,	 individuals	 on	 a	 LFD	 had	 a	 significantly	 greater	

reduction	 in	 total	 FODMAP	 intake	 compared	 to	 the	 GFD	 (p<0.01)	 and	 TDA	 (p=0.04).	

Individuals	 on	 a	 LFD	 had	 a	 significantly	 greater	 reduction	 in	 fructo-oligosaccharides	

(p<0.01),	 galacto-oligosaccharides	 (p<0.01)	 and	mannitol	 (p=0.03)	 compared	 to	 TDA.	
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Individuals	on	a	LFD	also	had	a	significantly	greater	reduction	in	lactose	(p=0.02),	excess	

fructose	(p<0.01)	and	mannitol	(p<0.01)	compared	to	the	GFD	[Table	16].		
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Table	14:	Proportion	of	individuals	meeting	dietary	reference	values				
	

	
	

	

	

	

	

	

	

	

	

	

	

	

	

	
	

	
																								DRV;	Dietary	Reference	Value,	TDA;	Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet	
																																						YMissing	baseline	data	for	n=1	for	all	variables	
																							*Missing	baseline	data	for	n=1	for	all	variables,	except	for	variables	energy	intake,	niacin,	iron	and	zinc,	where	n=2	missing	
	

Nutritional	
parameter	

Intervention	

TDAY	 LFD*	 GFD	

Baseline		
DRV	met	
n	(%)	

Week	4	DRV	
met	
n	(%)	

Baseline	vs		
Week	4	
p-value	

Baseline	
DRV	met	
n	(%)	

Week	4	DRV	
met	
n	(%)	

Baseline	vs		
Week	4	
p-value	

Baseline	
DRV	met	
n	(%)	

Week	4	DRV	
met	
n	(%)	

Baseline	vs		
Week	4	
p-value	

Energy	kcal/d	 14	(41)	 10	(29)	 0.31	 14	(45)	 8	(26)	 0.11	 18	(55)	 14	(42)	 0.32	

Protein	g/d	 31	(91)	 25	(74)	 0.06	 26	(81)	 23	(72)	 0.38	 29	(88)	 27	(82)	 0.49	

Carbohydrate	g/d	 15	(44)	 14	(41)	 0.81	 17	(53)	 12	(38)	 0.21	 14	(42)	 14	(42)	 1.00	

Fat	g/d	 25	(74)	 26	(76)	 0.78	 17	(53)	 16	(50)	 0.80	 20	(61)	 20	(61)	 1.00	

Dietary	fibre	g/d	 21	(62)	 13	(38)	 0.05	 12	(38)	 9	(28)	 0.42	 18	(55)	 13	(39)	 0.22	

Folate	mcg/d	 33	(97)	 29	(85)	 0.09	 28	(88)	 23	(72)	 0.12	 33	(100)	 31	(94)	 0.55	

Thiamine	mg/d	 32	(94)	 30	(88)	 0.39	 30	(94)	 20	(63)	 <0.01	 32	(97)	 26	(79)	 0.02	

Riboflavin	mg/d	 29	(85)	 30	(88)	 0.72	 27	(84)	 25	(78)	 0.52	 30	(91)	 30	(91)	 1.00	

Niacin	mg/d	 30	(88)	 29	(85)	 0.72	 25	(81)	 18	(58)	 0.05	 30	(91)	 	28	(85)	 0.45	

Vitamin	C	mg/d	 34	(100)	 34	(100)	 1.00	 31	(97)	 29	(91)	 0.30	 33	(100)	 33	(100)	 1.00	

Sodium	mg/d	 27	(79)	 24	(71)	 0.40	 25	(78)	 22	(69)	 0.40	 22	(67)	 17	(52)	 0.21	

Potassium	mg/d	 27	(79)	 24	(53)	 0.02	 18	(56)	 11	(34)	 0.08	 22	(67)	 17	(52)	 0.21	

Magnesium	mg/d	 27	(79)	 21	(62)	 0.11	 20	(63)	 12	(38)	 <0.05	 26	(79)	 18	(55)	 0.04	

Calcium	mg/d	 28	(82)	 23	(68)	 0.16	 24	(75)	 19	(59)	 0.18	 28	(85)	 23	(70)	 0.14	

Phosphorus	mg/d	 34	(100)	 33	(97)	 0.31	 32	(100)	 31	(97)	 0.31	 33	(100)	 33	(100)	 1.00	

Iron	mg/d	 24	(71)	 16	(47)	 <0.05	 19	(61)	 16	(52)	 0.44	 20	(61)	 17	(52)	 0.46	

Zinc	mg/d	 27	(79)	 27	(79)	 1.00	 25	(81)	 22	(69)	 0.37	 30	(91)	 26	(79)	 0.17	
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Table	15:	Nutritional	Intake					
 
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
										Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet	
																							YMissing	baseline	data	for	n=1	for	all	variables		
	
	
	
	
	

Nutritional	
parameter	

		Intervention		 Difference	
in	reduction	
between	
groups		
p-value	

	 TDAY	 LFDY	 GFD	

	 Baseline	
Median	(IQR)	

Week	4	
Median	(IQR)	

Reduction	
Median	(IQR)	

Baseline	
Median	(IQR)	

Week	4	
Median	(IQR)	

Reduction		
Median	(IQR)	

Baseline	
Median	(IQR)	

Week	4	
Median	(IQR)	

Reduction	
Median	(IQR)	

Energy	kcal/d	 2373	(1149)	 1861	(832)	 475	(811)	 2338	(1191)	 1738	(1021)	 519	(1207)	 2366	(889)	 1958	(1364)	 298	(756)	 0.63	

Protein	g/d	 104.2	(78.9)	 90.9	(43.1)	 8.3	(31.9)	 97.1	(44.5)	 80.4	(44.1)	 17.3	(51.2)	 99.7	(58.2)	 79.1	(43.8)	 10.7	(31.4)	 0.52	
Carbohydrate	
g/d	 268	(118)	 223	(117)	 45	(116)	 277	(146)	 223	(136)	 74	(170)	 307	(144)	 227	(132)	 45	(95)	 0.55	

Fat	g/d	 86.8	(54.3)	 65.3	(43.3)	 10.4	(41.3)	 82.3	(58.0)	 64.6	(51.7)	 15.9	(40.5)	 86.1	(44.9)	 77.9	(63.7)	 14.8	(32.1)	 0.66	

Dietary	fibre	g/d	 32.6	(13.2)	 28.5	(14.0)	 1.8	(8.5)	 23.5	(27.3)	 18.7	(17.4)	 7.2	(18.9)	 32.7	(16.0)	 25.9	(13.9)	 3.1	(12.6)	 0.06	

Folate	mcg/d	 449	(232)	 353	(223)	 82	(159)	 362	(374)	 291	(232)	 79	(273)	 392	(213)	 335	(242)	 54	(122)	 0.22	

Thiamine	mg/d	 1.70	(1.35)	 1.40	(0.63)	 0.2	(0.6)	 1.40	(1.40)	 1.00	(0.85)	 0.6	(1.3)	 1.50	(1.25)	 1.10	(0.90)	 0.4	(0.8)	 0.13	

Riboflavin	mg/d	 2.50	(2.55)	 2.00	(1.43)	 0.0	(1.3)	 1.90	(1.85)	 1.65	(1.40)	 0.6	(1.3)	 2.10	(1.90)	 2.00	(1.60)	 0.2	(0.8)	 0.12	

Niacin	mg/d	 24.0	(14.3)	 19.6	(7.3)	 1.0	(8.3)	 19.1	(12.0)	 14.8	(9.4)	 3.0	(11.4)	 20.2	(9.1)	 17.7	(8.2)	 2.2	(6.5)	 0.72	

Vitamin	C	mg/d	 185	(137)	 172	(135)	 0	(74)	 111	(174)	 94	(140)	 19	(50)	 163	(120)	 150	(87)	 0	(51)	 0.16	

Sodium	mg/d	 2772	(1509)	 1947	(969)	 273	(1037)	 2220	(1275)	 1761	(1270)	 219	(1442)	 2424	(1237)	 1910	(1456)	 469	(979)	 0.97	

Potassium	mg/d	 4394	(1881)	 3704	(1841)	 704	(1675)	 4042	(2258)	 3119	(1716)	 879	(2162)	 4039	(1901)	 3518	(1995)	 614	(1060)	 0.50	

Magnesium	mg/d	 377	(230)	 315	(172)	 45	(138)	 324	(201)	 247	(164)	 69	(169)	 347	(134)	 298	(146)	 57	(83)	 0.36	

Calcium	mg/d	 1122	(1113)	 896	(732)	 107	(557)	 991	(1354)	 888	(809)	 366	(543)	 1057	(907)	 1049	(905)	 144	(489)	 0.14	
Phosphorus	
mg/d	 1771	(1145)	 1476	(547)	 296	(514)	 1472	(964)	 1365	(940)	 289	(788)	 1606	(1182)	 1435	(889)	 169	(467)	 0.41	

Iron	mg/d	 13.4	(6.2)	 11.5	(4.9)	 1.2	(4.7)	 11.7	(7.2)	 10.4	(7.6)	 1.6	(7.3)	 12.7	(6.0)	 10.6	(5.3)	 1.1	(3.2)	 0.70	

Zinc	mg/d	 11.8	(6.2)	 10.7	(5.0)	 0.0	(4.5)	 11.0	(4.6)	 11.1	(6.6)	 0.4	(4.6)	 11.2	(6.4)	 10.9	(7.5)	 0.6	(3.1)	 0.70	
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Table	16:	FODMAP	Intake					
	

	
FODMAPs;	fermentable	oligo-,	di-,	mono-	saccharides	and	polyps,	Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet	
YMissing	baseline	data	for	n=1	for	all	variables	except	excess	fructose	
*Missing	baseline	for	n=10	in	BDA,	n=6	in	LFD,	n=4	GFD	
	

FODMAP	 		Intervention		 Difference	
in	change	
between	
groups	
p-value	

	 TDAY	 LFDY	 GFD	

	
Baseline	
Median	
(IQR)	

Week	4	
Median	
(IQR)	

Baseline	
vs		

Week	4	
p-value	

Baseline	
Median	
(IQR)	

Week	4	
Median	
(IQR)	

Baselin
e	vs		

Week	4	
p-value	

Baseline	
Median	
(IQR)	

Week	4	
Median	
(IQR)	

Baseline	
vs		

Week	4	
p-value	

Oligosaccharides		 	 	 	 	 	 	 	 	 	 	

		Fructo-oligosaccharides	g/d	 3.8	(2.1)	 2.9	(1.5)	 <0.01	 3.3	(4.4)	 1.6	(1.8)	 <0.01	 3.9	(1.5)	 2.4	(2.4)	 <0.01	 <0.01	
		Galacto-oligosaccharides	g/d	 1.1	(0.7)	 1.1	(0.6)	 0.05(1)	 1.2	(1.6)	 0.6	(0.8)	 <0.01	 1.2	(1.3)	 0.9	(0.9)	 0.02	 <0.01	
Disaccharides	 	 	 	 	 	 	 	 	 	 	

		Lactose	g/d	 11.7	(22.1)	 4.9	(14.0)	 <0.01	 12.5	
(20.7)	 1.9	(6.0)	 <0.01	 14.3	(19.1)	 13.0	(17.3)	 0.22	 0.02	

Monosaccharides	 	 	 	 	 	 	 	 	 	 	
			Excess	fructose	g/d*	 5.2	(4.4)	 2.8	(5.1)	 0.31	 3.5	(8.4)	 1.5	(2.7)	 <0.01	 4.0	(4.3)	 4.0	(4.2)	 0.95	 <0.01	
Polyols	 	 	 	 	 	 	 	 	 	 	
			Sorbitol	g/d	 1.9	(2.4)	 1.4	(2.4)	 0.18	 1.3	(1.6)	 0.3	(0.9)	 <0.01	 2.1	(2.1)	 1.9	(2.5)	 0.84	 <0.05	
			Mannitol	g/d	 0.8	(0.6)	 0.6	(0.6)	 <0.01	 0.6	(0.5)	 0.1	(0.3)	 <0.01	 0.7	(0.7)	 0.6	(0.9)	 0.70	 <0.01	
Total	FODMAPs	g/d	 24.9	 15.2	 <0.01	 27.7	 7.6	 <0.01	 27.4	 22.4	 0.03	 <0.01	
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4.4.5	Stool	Analysis			
	

A	total	of	55	paired	stool	samples	were	analysed	(TDA,	n=18;	LFD,	n=17;	GFD,	n=20).	The	

change	in	dysbiosis	index	following	TDA,	LFD	and	GFD	did	not	differ	(p=0.99),	with	22-

29%	having	an	improvement,	35-39%	having	no	change,	and	35-40%	having	worsening	

dysbiosis	index	(Figure	8	and	Table	17).		

	

No	 significant	 changes	 in	 functional	 bacterial	 profiles	 were	 noted	 between	 the	 diets	

(Table	18).	Individuals	on	TDA	had	a	reduction	in	the	abundance	of	Dorea	spp.	On	the	

LFD,	 individuals	 had	 a	 reduction	 in	 the	 abundance	 of	 Actinobacteria	 and	Bacteroides	

fragilis,	with	an	increase	in	abundance	of	Alistipes,	Parabacteroides	johnsonii,	Clostridium	

methylpentosum	 and	 Lachnospiraceae.	 On	 the	 GFD,	 individuals	 had	 a	 reduction	 in	

abundance	of	Actinobacteria,	Parabacteroides	 johnsonii,	Eubacteriumrectale,	 as	well	 as	

Ruminococcusalbus	and	R.	bromii	(See	Tables	18-20).  

	

Figure	8:	Change	in	Dysbiosis	Index				
	
TDA;	traditional	dietary	advice,	LFD;	low	FODMAP	diet,	GFD;	gluten	free	diet	
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Table	17:	Change	in	Dysbiosis	Index	by	Intervention	and	Responders						
 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 
 
 
 
 
 
																										Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet	
 
 
 
Table	18:	Functional	bacterial	profiles	between	interventions	

 
TDA;	Traditional	Dietary	Advice,	LFD;	Low	FODMAP	diet,	GFD;	Gluten	Free	Diet	
 
 
 
 
 
 
 
 

	 Change	in	Dysbiosis	Index	 Comparison	
of	

responders	
vs	non-

responders	
p-value	

	 Improved	
n(%)	

No	
change	
n(%)	

Worsened	
n(%)	

TDA	 	 	 	 	

							Responders	 3	(33)	 2	(22)	 4	(44)	
0.30	

							Non-responders	 1	(11)	 5	(56)	 3	(33)	

LFD	 	 	 	 	

							Responders	 2	(29)	 2	(29)	 3	(43)	
0.84	

							Non-responders	 3	(30)	 4	(40)	 3	(30)	

GFD	 	 	 	 	

							Responders	 2	(18)	 4	(36)	 5(46)	
0.72	

							Non-responders	 3	(33)	 3	(33)	 3	(33)	

Overall	 	 	 	 	

							Responders	 7	(26)	 8	(30)	 12	(44)	
0.55	

							Non-responders	 7	(25)	 12	(43)	 9	(32)	

	 TDA	 LFD	 GFD	

	 Baseline	
n	(%)	

Follow	Up	
n	(%)	

p-
valu
e	

Baseline	
n	(%)	

Follow	Up	
n	(%)	

p-
valu
e	

Baseline	
n	(%)	

Follow	Up	
n	(%)	

p-
value	

Low	levels	of	butyrate	
producing	bacteria	

5	(28)	 2	(22)	 0.70	 4	(24)	 2	(12)	 0.37	 3	(15)	 5	(25)	 0.43	

Low	levels	of	gut	mucosa	
protective	bacteria	

3	(17)	 3	(17)	 1.00	 3	(18)	 4	(24)	 0.67	 4	(20)	 6	(30)	 0.47	

Low	levels	of	F.prausnitzii	 0	(0)	 3	(17)	 0.07	 3	(18)	 2	(12)	 0.63	 2	(10)	 4	(20)	 0.38	

Imbalance	between	selected	
gut	barrier	protective	and	
potentially	harmful	bacteria	

2	(11)	 2	(11)	 1.00	 4	(24)	 5	(29)	 0.70	 6	(30)	 3	(15)	 0.26	

High	levels	of	pro-
inflammatory	bacteria	

1	(6)	 1(6)	 1.00	 4	(24)	 4	(18)	 0.67	 0	(0)	 1	(5)	 0.31	
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Table	19:	Bacterial	abundance	following	TDA	diet	
 

Genus/Species	 Class	 Phylum	 DI	at	Follow	
up	vs	Baseline	 p-value	

Actinobacteria	 Actinobacteria	 Actinobacteria	 No	difference	 0.67	

Actinomycetales	 Actinobacteria	 Actinobacteria	 No	difference	 0.18	

Bifidobacterium	spp.	 Actinobacteria	 Actinobacteria	 No	difference	 1.00	

Alistipes	 Alistipes	 Bacteroidetes	 No	difference	 0.32	

Alistipes	onderdonkii	 Alistipes	 Bacteroidetes	 No	difference	 0.66	

Bacteroides	fragilis	 Bacteroides	 Bacteroidetes	 No	difference	 0.56	

Bacteroides	pectinophilus	 Bacteroides	 Bacteroidetes	 No	difference		 0.08	

Bacteroides	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 0.26	

Bacteroides	spp.	&	Prevotella	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 0.33	

Bacteroides	stercoris	 Bacteroides	 Bacteroidetes	 No	difference	 0.71	

Bacteroides	zoogleoformans	 Bacteroides	 Bacteroidetes	 No	difference	 0.26	

Parabacteroides	johnsonii	 Parabacterioides	 Bacteroidetes	 No	difference	 1.00	

Parabacteroides	spp.	 Parabacterioides	 Bacteroidetes	 No	difference	 0.32	

Firmicutes	
Negativicutes/	
Clostridia	

Firmicutes	 No	difference	 0.19	

Bacilli	 Bacilli	 Firmicutes	 No	difference	 0.60	

Catenibacterium	 Erysipelotrichia	 Firmicutes	 No	difference	 1.00	

Clostridia	 Clostridia	 Firmicutes	 No	difference	 0.72	

Clostridium	methylpentosum	 Ruminiclostridium	 Firmicutes	 No	difference	 1.00	

Clostridium	sp.	 Clostridia	 Firmicutes	 No	difference	 1.00	

Coprobacillus	cateniformis	 Erysipelotrichia	 Firmicutes	 No	difference	 1.00	

Dialister	invisus	 Negativicutes	 Firmicutes	 No	difference	 1.00	

Dialister	invisus	&	Megasphaera	
micronuciformis	

Negativicutes	 Firmicutes	 No	difference	 0.32	

Dorea	spp.	 Clostridia	 Firmicutes	 Decreased	 <0.05	

Eubacterium	biforme	 Clostridia	 Firmicutes	 No	difference	 0.26	

Eubacterium	hallii	 Clostridia	 Firmicutes	 No	difference	 0.56	

Eubacterium	rectale	 Clostridia	 Firmicutes	 No	difference	 1.00	

Eubacterium	siraeum	 Clostridia	 Firmicutes	 No	difference	 0.41	

Faecalibacterium	prausnitzii	 Clostridia	 Firmicutes	 No	difference	 0.53	

Lachnospiraceae	 Clostridia	 Firmicutes	 No	difference	 0.71	

Lactobacillus	ruminis	&	
Pediococcus	acidilactici	

Bacilli	 Firmicutes	 No	difference	 0.16	

Lactobacillus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.76	

Lactobacillus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.71	

Phascolarctobacterium	sp.	 Negativicutes	 Firmicutes	 No	difference	 0.32	

Ruminococcus	albus	&	R.	bromii	 Clostridia	 Firmicutes	 No	difference	 0.78	

Ruminococcus	gnavus	 Clostridia	 Firmicutes	 No	difference	 0.56	

Streptococcus	agalactiae	&	
Eubacterium	rectale	

Bacilli	 Firmicutes	 No	difference	 0.56	
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Streptococcus	salivarius	ssp.	
thermophilus	&	S.	sanguinis	

Bacilli	 Firmicutes	 No	difference	 0.71	

Streptococcus	salivarius	ssp.	
Thermophilus	

Bacilli	 Firmicutes	 No	difference	 1.00	

Streptococcus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.78	

Streptococcus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.85	

Veillonella	spp.	 Negativicutes	 Firmicutes	 No	difference	 0.60	

Firmicutes	(various)	 -	

Firmicutes/	
Tenericutes/	
Bacteroidetes	

species	

No	difference	 1.00	

Proteobacteria	 -	 Proteobacteria	 No	difference	 0.41	

Acinetobacter	junii	 Gammaproteobacteria	 Proteobacteria	 No	difference	 1.00	

Enterobacteriaceae	 Gammaproteobacteria	 Proteobacteria	 No	difference	 0.16	

Shigella	spp.	&	Escherichia	spp	 Gammaproteobacteria	 Proteobacteria	 No	difference	 1.00	

Mycoplasma	hominis	 Mollicutes	 Tenericutes	 No	difference	 1.00	

Akkermansia	muciniphila	 Verrumicrobiae	 Verrucomicrobia	 No	difference	 0.41	
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Table	20:	Bacterial	abundance	following	LFD	diet	
 

Genus/Species	 Class	 Phylum	
Abundance	at	
Follow	up	vs	
Baseline	

p-value	

Actinobacteria	 Actinobacteria	 Actinobacteria	 Decreased	 <0.05	

Actinomycetales	 Actinobacteria	 Actinobacteria	 No	difference	 0.56	

Bifidobacterium	spp.	 Actinobacteria	 Actinobacteria	 No	difference	 0.16	

Alistipes	 Alistipes	 Bacteroidetes	 Increased	 0.02	

Alistipes	onderdonkii	 Alistipes	 Bacteroidetes	 No	difference	 0.18	

Bacteroides	fragilis	 Bacteroides	 Bacteroidetes	 Decreased	 0.02	

Bacteroides	pectinophilus	 Bacteroides	 Bacteroidetes	 No	difference		 0.71	

Bacteroides	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 0.38	

Bacteroides	spp.	&	Prevotella	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 0.18	

Bacteroides	stercoris	 Bacteroides	 Bacteroidetes	 No	difference	 1.00	

Bacteroides	zoogleoformans	 Bacteroides	 Bacteroidetes	 No	difference	 0.53	

Parabacteroides	johnsonii	 Parabacterioides	 Bacteroidetes	 Increased	 <0.05	

Parabacteroides	spp.	 Parabacterioides	 Bacteroidetes	 No	difference	 0.13	

Firmicutes	
Negativicutes/	
Clostridia	

Firmicutes	 No	difference	 0.18	

Bacilli	 Bacilli	 Firmicutes	 No	difference	 0.16	

Catenibacterium	 Erysipelotrichia	 Firmicutes	 No	difference	 0.32	

Clostridia	 Clostridia	 Firmicutes	 No	difference	 0.38	

Clostridium	methylpentosum	 Ruminiclostridium	 Firmicutes	 Increased		 0.03	

Clostridium	sp.	 Clostridia	 Firmicutes	 No	difference	 0.32	

Coprobacillus	cateniformis	 Erysipelotrichia	 Firmicutes	 No	difference	 0.32	

Dialister	invisus	 Negativicutes	 Firmicutes	 No	difference	 0.32	

Dialister	invisus	&	Megasphaera	
micronuciformis	

Negativicutes	 Firmicutes	 No	difference	 0.66	

Dorea	spp.	 Clostridia	 Firmicutes	 No	difference	 0.48	

Eubacterium	biforme	 Clostridia	 Firmicutes	 No	difference	 0.16	

Eubacterium	hallii	 Clostridia	 Firmicutes	 No	difference	 0.48	

Eubacterium	rectale	 Clostridia	 Firmicutes	 No	difference	 0.76	

Eubacterium	siraeum	 Clostridia	 Firmicutes	 No	difference	 1.00	

Faecalibacterium	prausnitzii	 Clostridia	 Firmicutes	 No	difference	 0.74	

Lachnospiraceae	 Clostridia	 Firmicutes	 Increased		 0.01	

Lactobacillus	ruminis	&	
Pediococcus	acidilactici	

Bacilli	 Firmicutes	 No	difference	 0.32	

Lactobacillus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.32	

Lactobacillus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.26	

Phascolarctobacterium	sp.	 Negativicutes	 Firmicutes	 No	difference	 0.16	

Ruminococcus	albus	&	R.	bromii	 Clostridia	 Firmicutes	 No	difference	 0.71	

Ruminococcus	gnavus	 Clostridia	 Firmicutes	 No	difference	 0.89	

Streptococcus	agalactiae	&	
Eubacterium	rectale	

Bacilli	 Firmicutes	 No	difference	 0.48	
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Streptococcus	salivarius	ssp.	
thermophilus	&	S.	sanguinis	

Bacilli	 Firmicutes	 No	difference	 0.48	

Streptococcus	salivarius	ssp.	
Thermophilus	

Bacilli	 Firmicutes	 No	difference	 0.32	

Streptococcus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.06	

Streptococcus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.19	

Veillonella	spp.	 Negativicutes	 Firmicutes	 No	difference	 0.21	

Firmicutes	(various)	 -	

Firmicutes/	
Tenericutes/	
Bacteroidetes	

species	

No	difference	 0.66	

Proteobacteria	 -	 Proteobacteria	 No	difference	 0.23	

Acinetobacter	junii	 Gammaproteobacteria	 Proteobacteria	 No	difference	 1.00	

Enterobacteriaceae	 Gammaproteobacteria	 Proteobacteria	 No	difference	 0.66	

Shigella	spp.	&	Escherichia	spp	 Gammaproteobacteria	 Proteobacteria	 No	difference	 0.16	

Mycoplasma	hominis	 Mollicutes	 Tenericutes	 No	difference	 1.00	

Akkermansia	muciniphila	 Verrumicrobiae	 Verrucomicrobia	 No	difference	 0.20	
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Table	21:	Bacterial	abundance	following	GFD	diet	
 

Genus/Species	 Class	 Phylum	
Abundance	at	
Follow	up	vs	
Baseline	

p-value	

Actinobacteria	 Actinobacteria	 Actinobacteria	 Reduced	 0.03	

Actinomycetales	 Actinobacteria	 Actinobacteria	 No	difference	 0.41	

Bifidobacterium	spp.	 Actinobacteria	 Actinobacteria	 No	difference	 0.08	

Alistipes	 Alistipes	 Bacteroidetes	 No	difference	 0.37	

Alistipes	onderdonkii	 Alistipes	 Bacteroidetes	 No	difference	 1.00	

Bacteroides	fragilis	 Bacteroides	 Bacteroidetes	 No	difference	 0.32	

Bacteroides	pectinophilus	 Bacteroides	 Bacteroidetes	 No	difference		 0.48	

Bacteroides	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 0.74	

Bacteroides	spp.	&	Prevotella	spp.	 Bacteroides	 Bacteroidetes	 No	difference	 1.00	

Bacteroides	stercoris	 Bacteroides	 Bacteroidetes	 No	difference	 0.16	

Bacteroides	zoogleoformans	 Bacteroides	 Bacteroidetes	 No	difference	 1.00	

Parabacteroides	johnsonii	 Parabacterioides	 Bacteroidetes	 Reduced	 0.01	

Parabacteroides	spp.	 Parabacterioides	 Bacteroidetes	 No	difference	 0.26	

Firmicutes	
Negativicutes/	
Clostridia	

Firmicutes	 No	difference	 1.00	

Bacilli	 Bacilli	 Firmicutes	 No	difference	 0.21	

Catenibacterium	mitsuokai	 Erysipelotrichia	 Firmicutes	 No	difference	 1.00	

Clostridia	 Clostridia	 Firmicutes	 No	difference	 0.78	

Clostridium	methylpentosum	 Ruminiclostridium	 Firmicutes	 No	difference	 0.26	

Clostridium	sp.	 Clostridia	 Firmicutes	 No	difference	 1.00	

Coprobacillus	cateniformis	 Erysipelotrichia	 Firmicutes	 No	difference	 1.00	

Dialister	invisus	 Negativicutes	 Firmicutes	 No	difference	 0.32	

Dialister	invisus	&	Megasphaera	
micronuciformis	

Negativicutes	 Firmicutes	 No	difference	 0.05	

Dorea	spp.	 Clostridia	 Firmicutes	 No	difference	 1.00	

Eubacterium	biforme	 Clostridia	 Firmicutes	 No	difference	 0.08	

Eubacterium	hallii	 Clostridia	 Firmicutes	 No	difference	 0.27	

Eubacterium	rectale	 Clostridia	 Firmicutes	 Reduced	 0.02	

Eubacterium	siraeum	 Clostridia	 Firmicutes	 No	difference	 0.52	

Faecalibacterium	prausnitzii	 Clostridia	 Firmicutes	 No	difference	 0.21	

Lachnospiraceae	 Clostridia	 Firmicutes	 No	difference	 0.32	

Lactobacillus	ruminis	&	
Pediococcus	acidilactici	

Bacilli	 Firmicutes	 No	difference	 0.56	

Lactobacillus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.56	

Lactobacillus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.33	

Phascolarctobacterium	sp.	 Negativicutes	 Firmicutes	 No	difference	 0.08	

Ruminococcus	albus	&	R.	bromii	 Clostridia	 Firmicutes	 Reduced	 0.04	

Ruminococcus	gnavus	 Clostridia	 Firmicutes	 No	difference	 0.17	

Streptococcus	agalactiae	&	
Eubacterium	rectale	

Bacilli	 Firmicutes	 No	difference	 0.16	
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Streptococcus	salivarius	ssp.	
thermophilus	&	S.	sanguinis	

Bacilli	 Firmicutes	 No	difference	 0.06	

Streptococcus	salivarius	ssp.	
Thermophilus	

Bacilli	 Firmicutes	 No	difference	 0.10	

Streptococcus	spp.	 Bacilli	 Firmicutes	 No	difference	 0.59	

Streptococcus	spp.	2	 Bacilli	 Firmicutes	 No	difference	 0.42	

Veillonella	spp.	 Negativicutes	 Firmicutes	 No	difference	 0.77	

Firmicutes	(various)	 -	

Firmicutes/	
Tenericutes/	
Bacteroidetes	

species	

No	difference	 0.10	

Proteobacteria	 -	 Proteobacteria	 No	difference	 0.41	

Acinetobacter	junii	 Gammaproteobacteria	 Proteobacteria	 No	difference	 1.00	

Enterobacteriaceae	 Gammaproteobacteria	 Proteobacteria	 No	difference	 1.00	

Shigella	spp.	&	Escherichia	spp	 Gammaproteobacteria	 Proteobacteria	 No	difference	 0.32	

Mycoplasma	hominis	 Mollicutes	 Tenericutes	 No	difference	 1.00	

Akkermansia	muciniphila	 Verrumicrobiae	 Verrucomicrobia	 No	difference	 0.10	
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4.4.6	Factors	associated	with	clinical	response	to	dietary	therapies				

Age,	gender,	IBS-subtype,	IMD	quintiles,	somatisation	severity,	clinical	HADS	anxiety	and	

depression	levels	did	not	predict	clinical	response	to	dietary	therapies	(Table	22),	and	

nor	did	baseline	stool	dysbiosis	index	(Figure	9).	

	

Table	22:	Binary	logistic	regression	analysis	of	patient	baseline	variables	on	response	to	

dietary	therapies		

TDA;	 Traditional	 dietary	 advice,	 LFD;	 low	 FODMAP	 diet,	 GFD;	 Gluten	 Free	 Diet,	 OR;	 odds	 ratio,	 CI;						
confidence	interval;	 IBS;	Irritable	Bowel	Syndrome,	IMD;	Index	of	Multiple	Deprivation,	HADS;	Hospital	
Anxiety	and	Depression	Scale		
	

Variable		

Intervention	

TDA		 LFD	 GFD	 Overall	

OR	(CI)	 OR	(CI)	 OR	(CI)	 OR	(CI)	

Age	(years)	 1.06	(1.00-1.12)	 0.99	(0.94-1.05)	 0.98	(0.92-1.03)	 1.01	(0.98-1.04)	

Gender		 	 	 	 	

						Male		 1	 1	 1	 1	

						Female	 0.68	(0.14-3.34)	 1.67	(0.32-8.59)	 0.62	(0.15-2.58)	 0.91	(0.38-2.15)	

IBS-subtype		 	 	 	 	

							IBS-D	 1	 1	 1	 1	

							IBS-M	 0.53	(0.09-3.24)	 0.30	(0.06-1.51)	 1.69	(0.34-8.40)	 0.71	(0.29-1.76)	

IMD	Quintiles	 	 	 	 	

							Q1-3	 1	 1	 1	 1	

							Q4-5	 2.50	(0.61-10.26)	 4.14	(0.71-24.16)	 0.29	(0.06-1.32)	 1.31	(0.57-3.03)	

Somatisation	Severity		 	 	 	 	

						Minimal	 1	 1	 1	 1	

						Low	 1.00	(0.07-14.64)	 1.50	(0.10-23.07)	 4.00	(0.27-58.56)	 1.50	(0.37-6.16)	

						Medium		 1.14	(0.08-16.95)	 0.11	(0.01-1.52)	 4.50	(0.31-65.23)	 0.80	(0.20-3.25)	

						High		 2.50	(0.16-38.60)	 0.33	(0.02-5.33)	 0.50	(0.02-12.90)	 0.82	(0.18-3.74)	

HADS-anxiety	levels	(clinical)	 	 	 	 	

						Normal		 1	 1	 1	 1	

						Abnormal	 0.65	(0.15-2.79)	 0.53	(0.13-2.14)	 0.40	(0.10-1.68)	 0.60	(0.27-1.31)	

HADS-depression	levels	
(clinical)	 	 	 	 	

							Normal		 1	 1	 1	 1	

							Abnormal	 1.58	(0.20-12.79)	 0.25	(0.04-1.54)	 0.21	(0.03-1.32)	 0.42	(0.15-1.23)	



113 
 

	
	
	
	
	
	
	
	
	
	
	
	
	
 
 
 
 
 
 
 
 
 
Figure	9:	Dysbiosis	Index	between	responders	and	non-responders	at	baseline		
	
TDA;	traditional	dietary	advice,	LFD;	low	FODMAP	diet,	GFD;	gluten	free	diet	
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4.5	Discussion			

 
This	 is	 the	 first	 randomised	 control	 trial	 directly	 comparing	 the	 effectiveness	 and	

convenience	of	TDA,	LFD	and	GFD	for	the	management	of	IBS.	The	main	findings	are	that,	

on	both	modified	 intention-to-treat	and	per	protocol	analysis,	 the	diets	have	a	similar	

level	of	 clinical	 efficacy,	with	approximately	a	 50%	response	 rate	with	 regards	 to	 the	

primary	end-point	of	≥	50-point	reduction	in	IBS-SSS.	However,	individuals	found	TDA	

significantly	 cheaper,	 tastier,	 less	 time-consuming	 to	 shop,	 easier	 to	 implement	 and	

socially	more	convenient	than	the	GFD	and	LFD.	Clinical	characteristics,	socioeconomic	

status	and	baseline	stool	DI	did	not	predict	response	to	dietary	therapy.	Finally,	the	mode	

of	 dietary	 education,	 either	 face-to-face	 or	 virtual,	 did	 not	 affect	 clinical	 response	 to	

dietary	therapy.		

	

The	chief	strength	of	this	study,	which	adds	important	value	to	the	literature,	is	that	it	is	

a	 “real-life	 pragmatic’	 study	 as	 opposed	 to	 being	 a	 feeding	 study.	 By	 leaving	 the	

responsibility	 upon	 the	 patient	 to	 undertake	 the	 dietary	 intervention	 following	

appropriate	education,	as	one	would	expect	in	routine	clinical	care,	we	provide	a	clearer	

picture	of	its	efficacy	and	social	convenience;	hence,	these	findings	can	be	generalised	to	

daily	clinical	practise.	This	data	is	line	with	recent	RCTs	showing	TDA	to	have	a	similar	

level	of	clinical	efficacy	to	a	LFD,	and	supports	British	guidelines	recommending	TDA	as	

the	 first-line	 dietary	 therapy	 for	 IBS.5,19	 In	 contrast	 to	 suggestions	 by	 some	

investigators,51	a	degree	of	caution	should	be	urged	against	early	deployment	of	complex,	

restrictive	 diets	 (i.e.	 the	 LFD	 and	 GFD),	 as	 not	 only	 do	 patients	 find	 them	 more	

inconvenient	 and	 costly,	 but	 they	 also	 require	 extensive	 dietetic	 input	 and	 incur	 a	

substantial	burden	on	the	healthcare	service.	 Indeed,	even	within	a	highly	established	
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health	care	system	like	the	United	Kingdom	(UK),	there	is	inequity	of	GI	dietetic	services,	

with	regional	differences	in	the	level	of	provision	and	extent	of	specialist	care	available	

(see	Chapter	5).		

	

With	this	is	mind,	the	current	position	of	a	LFD	as	outlined	by	the	BSG	for	the	management	

of	IBS	should	be	questioned,	where,	despite	acknowledging	its	low	quality	evidence	base,	

it	 is	 placed	within	 the	 initial	 top	 tier	of	 therapy	 should	TDA	not	 suffice.5	 In	 fact,	 it	 is	

highlighted	 as	 an	 option	 before	 widely	 available	 over-the-counter	 therapies	 such	 as	

peppermint	oil	or	antispasmodics,	which	have	a	similar	number	needed	to	treat	as	a	LFD	

(~4),	but	arguably	may	be	easier	and	cheaper	for	patients	and	healthcare	providers	to	

implement,	and	without	interfering	on	other	household	members	during	meal	time.5,154	

On	 a	 similar	 theme,	 the	 Canadian	 Association	 of	 Gastroenterology	 Clinical	 Practise	

Guidelines	for	the	management	of	IBS	has	a	LFD	placed	after	antispasmodics	but	before	

probiotics,155	whereas	the	American	College	of	Gastroenterology	recommends	a	limited	

trial	of	a	LFD	but	without	clearly	stating	when.5,155,156	In	all,	this	highlights	the	uncertainty	

amongst	 international	 guidelines	 as	 to	 where	 the	 LFD	 belongs	 within	 the	 treatment	

algorithm.	With	regards	to	a	GFD,	current	guidelines	do	not	recommend	its	use	in	IBS	due	

to	insufficient	evidence,5,155,156	but	this	study	adds	to	the	literature	base,	and	alongside	

other	 recent	 publications	 suggests	 that	 it	 warrants	 re-evaluation.24	 In	 the	 meantime,	

restrictive	diets	should	be	placed	lower	down	the	treatment	algorithm	for	IBS	although	a	

caveat	to	this	suggestion,	and	indeed	one	overlooked	by	current	guidelines,	is	the	lack	of	

data	on	whether	a	LFD	or	GFD	are	effective	second	line	dietary	therapies	in	those	who	fail	

to	 respond	 to	 TDA.	This	 deserves	 further	 study,	 as	 does	 a	RCT	 evaluating	 the	 clinical	

efficacy	 and	 convenience	 of	 the	 LFD	 or	 GFD	 versus	 medical	 therapies	 such	 as	

antispasmodics,	peppermint	oil	or	probiotics.	
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All	three	diets	led	to	a	reduction	in	total	FODMAP	intake	which,	as	expected,	was	greatest	

in	the	LFD	group	compared	to	TDA	and	the	GFD.	At	week	4,	the	FODMAP	intake	in	the	

LFD	was	7.6g/day	compared	with	15.2	g/day	for	TDA	and	22.4g/day	for	the	GFD.	This	

suggests	 a	 degree	 of	 overlap	 to	 exist	 between	 diets	 albeit	 along	 a	 spectrum.	 To	 help	

restore	 adequate	 FODMAP	 intake	 on	 a	 LFD,	 it	 is	 important	 to	 emphasise	 that	 it	 is	

altogether	a	3-stage	process,	and	that	after	its	strict	elimination	phase	there	are	further	

steps	 of	 re-introduction	 and	 personalisation,	 which	 should	 be	 all	 done	 under	 the	

supervision	and	guidance	of	a	dietitian.5,19,155,156	However,	“real	world”	experience	from	

a	Canadian	healthcare	system	suggests	that	of	those	referred	for	a	LFD,	70%	go	through	

the	LFD	process	without	dietetic	supervision,	and	demonstrate	diminishing	adherence	

with	 the	 diet	 along	 its	 phases	 (71%	 elimination,	 39%	 re-introduction,	 and	 29%	

personalisation).140	Whilst	adherence	is	better	in	the	30%	seen	by	a	dietitian,	it	still	drops	

off	over	the	phases	(96%	elimination,	70%	re-introduction	and	65%	personalisation).140	

As	a	whole,	only	40%	of	those	referred	for	a	LFD	satisfactorily	completed	all	3-phases	of	

the	 programme	which,	 in	 turn,	might	 imply	 that	 a	 substantial	 proportion	 of	 the	 rest	

remain	within	 the	strict	 elimination	phase,	 are	at	 risk	of	developing	overly	 restrictive	

eating	patterns	and	nutritional	inadequacies.24,140	To	counteract	this	concern,	there	has	

been	suggestions	that	a	‘bottom-up’	or	a	“more	personalised”	approach	to	the	LFD	may	

overcome	its	extensive	and	complex	3-phase	programme.33,157	For	example,	it	has	been	

shown	that	in	the	long	term	many	patients	on	a	personalised	LFD	are	reducing	fructan	

intake	to	manage	their	symptoms,	and	facilitate	this	by	purchasing	gluten	or	wheat	free	

products.50,158	This	raises	the	hypothesis	that	maybe	a	GFD	should	be	considered	as	an	

option	before	enrolling	onto	 the	 complete	LFD	programme.158	The	pathophysiological	

mechanism	by	which	symptoms	improve	on	a	GFD	are	extensively	debated	but	appear,	

in	the	main,	not	to	be	via	the	removal	of	gluten	per	se,	but	rather	due	to	a	reduction	in	
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dietary	fructan	content	(a	FODMAP)	due	to	wheat	exclusion.95,111	It	has	been	previously	

postulated	 that	 a	 GFD	 is	 a	 dietary	 cousin	 of	 a	 LFD,	 and	may	 be	 the	 express	 route	 to	

reducing	 fructan	 and	 galacto-oligosaccharide	 content.159,160	Other	 reasons	 to	 consider	

using	a	GFD	in	IBS	is	in	those	who	are	positive	for	antigliadin	antibodies	without	evidence	

of	 CD,	 as	 well	 as	 those	 who	 present	 with	 self-reported	 non-coeliac	 gluten/wheat	

sensitivity.101,145	This	study,	amongst	another	recent	publication,	shows	that	a	GFD	in	IBS	

does	not	need	to	be	strict	(as	one	would	require	in	CD)	and	that	clinical	benefit	can	be	

achieved	whilst	allowing	for	gluten	cross-contamination.101	Future	studies	assessing	the	

level	of	gluten	restriction	required	to	derive	symptom	benefit	are	required.	

	

Nutritional	 inadequacy	 has	 been	 highlighted	 as	 a	 concern	 with	 the	 use	 of	 dietary	

therapies	in	IBS.24	This	study	found	that	reductions	in	macro-	and	micro-	nutrient	content	

were	similar	across	the	groups,	except	for	the	LFD	showing	a	trend	towards	more	fibre	

reduction.	 Moreover,	 whilst	 the	 proportion	 of	 individuals	 meeting	 the	 DRVs	 for	

macronutrients	 did	 not	 change	 from	 pre-intervention	 for	 all	 three	 diets,	 there	 were	

reductions	in	the	proportion	of	individuals	meeting	DRVs	for	specific	micronutrients	on	

all	three	diets	(potassium	and	iron	on	TDA,	thiamine	and	magnesium	on	both	LFD	and	

GFD).	Interestingly,	the	majority	of	individuals	failed	to	meet	DRVs	for	total	energy	intake	

even	pre-intervention.	This	may	be	a	result	of	eating	patterns	in	IBS	itself,	rather	than	the	

dietary	interventions	employed,	with	it	being	previously	demonstrated	that	individuals	

with	IBS	fail	to	meet	dietary	recommended	values	for	multiple	nutrients.134	Whilst	the	

most	 validated	 food	 frequency	 tool	 available	 currently	 (CNAQ	 tool)	 was	 used,	 it	 is	

possible	that	using	a	food	frequency	tool	may	have	led	to	under-reporting	of	total	energy	

intake.139	Nevertheless,	it	does	highlight	that	implementation	of	dietary	therapies	should	

not	be	taken	lightly,	and	that	nutritional	parameters	be	monitored.	
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Diet	 is	 thought	 to	 be	 key	 environmental	 component	 in	 the	 composition	 of	 the	 gut	

microbiome,161	with	 the	 LFD	 having	 previously	 been	 shown	 in	 short	 term	 studies	 to	

reduce	 the	 proportion	 of	 luminal	 Bifidobacterium,	 as	 well	 as	 total	 bacterial	

abundance.41,72,73	On	the	GFD,	reduction	in	Bifidobacterium	has	also	been	noted,	as	well	

as	 faecalibacterium	 prausnitzii	 proportions.119	Whilst	 changes	 in	 bacterial	 abundance	

following	all	three	interventions	were	noted,	the	clinical	significance	of	this	is	unclear,	

with	 no	 significant	 difference	 in	 functional	 bacterial	 profiles	 noted.	 A	 previous	 study,	

using	the	same	method	of	stool	analysis,	demonstrated	that	response	to	a	LFD,	but	not	

TDA,	could	be	determined	from	baseline	 faecal	bacterial	profiles.72	However,	we	were	

unable	to	replicate	these	findings,	highlighting	the	uncertainty	in	this	area.	

	
This	 study	does	have	other	notable	 strengths.	Due	 to	 the	 impact	of	COVID-19,	dietary	

education	moved	away	from	face-to-face	to	virtual	consults.	There	was	a	similar	level	of	

efficacy	to	dietary	therapy	 irrespective	of	 the	mode	of	educational	delivery.	Moreover,	

dietary	therapy	was	provided	in	a	group	setting,	with	a	clinical	response	rate	similar	to	

studies	where	patients	have	been	seen	 individually.43,44	Moving	 forward,	 this	suggests	

that	dietary	education	can	be	delivered	successfully	virtually	and	in	small	group	settings,	

which	will	have	cost	saving	implications	for	public	healthcare	services,	and	alleviate	any	

ongoing	concerns	that	patients	may	have	travelling	to	hospitals	in	the	current	climate.	

	

A	 limitation	of	 this	study	was	that	 the	 food	frequency	questionnaire	used	(CNAQ	tool)	

was	based	on	 the	Australian	diet.	Whilst	 this	 tool	 is	 the	most	objective	 tool	 currently	

available	in	the	literature,	and	has	been	used	in	previous	UK	studies,50	the	nutritional	and	

FODMAP	assessments	may	have	been	under-	or	over-	estimated.	However,	in	this	study,	
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the	CNAQ	tool	was	used	both	pre-	and	post-intervention	to	assess	change	between	all	

three	groups,	to	ensure	consistency.	In	addition,	dietary	recommended	values	were	based	

on	UK	reference	values,	adjusting	 for	age	and	gender.	Another	 limitation	was	that	 the	

stool	 samples	 assessed	 changes	 in	 the	 gut	 bacteriome,	 rather	 than	 the	 virome	 and	

mycobiome,	and	therefore	may	not	be	representative	of	the	entire	microbiota.		

	

In	conclusion,	the	TDA,	GFD	and	LFD	are	effective	approaches	for	individuals	with	IBS.	

We	recommend	TDA	as	the	first-choice	dietary	option	due	to	its	widespread	availability,	

relative	simplicity,	and	patient	friendliness.	The	LFD	or	GFD	may	be	used	as	an	alternative	

option	based	on	specific	patient	preference	and	with	specialist	dietetic	counselling.	

	

4.6	Declaration	of	Published	Work	Used			

This	chapter	has	been	submitted	for	consideration	of	publication.		
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Chapter	5	Provision	of	Gastroenterology	Dietetic	Services	in	England			
	

5.1	Summary		
	

Background:	Whilst	there	has	been	an	increasing	demand	for	dietitians,	little	is	known	

on	the	provision	of	GI	dietetic	services	in	England.	There	have	been	no	studies	assessing	

the	provision	of	gastroenterology	dietetic	services	as	a	whole	in	England	to	date.	The	aim	

of	the	study	was	to	assess	the	provision	of	dietetic	services	for	CD,	IBS	and	IBD.		

	

Methods:	 Hospitals	 within	 all	 National	 Health	 Service	 (NHS)	 trusts	 in	 England	were	

approached	 (n=209).	 A	 custom-designed	web-based	 questionnaire	was	 circulated	 via	

contact	methods	of	e-mail,	post	or	telephone.	 Individuals/teams	with	knowledge	of	GI	

dietetic	services	within	their	trust	were	invited	to	complete.	

	

Results:	76%	of	 trusts	(n=158)	provided	GI	dietetic	services,	with	responses	received	

from	 78%	 of	 these	 trusts	 (n=123).	 The	 median	 number	 of	 dietitians	 per	 100,000	

population	was	 3.64	 (range	 0.15-16.60),	which	 differed	 significantly	 between	 regions	

(p=0.03).	The	commonest	individual	consultation	time	for	patients	with	CD,	IBS	and	IBD	

was	15-30	mins	(43%,	44%	and	54%	respectively).	GI	dietetic	services	were	delivered	

both	via	 individual	 and	group	counselling,	with	 individual	 counselling	being	 the	more	

frequent	 delivery	 method	 available	 (93%	 individual	 vs	 34%	 group).	 A	 significant	

proportion	of	trusts	did	not	deliver	any	specialist	dietetic	clinics	for	CD,	IBS	and	IBD	(49%	

[n=60],	50%	[n=61]	and	72%	[n=88]	respectively).	

	

Conclusion:	There	 is	 an	 inequity	of	GI	dietetic	 services	across	England,	with	 regional	

differences	in	the	level	of	provision	and	extent	of	specialist	care.	Allocated	time	for	clinics	
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appears	to	be	insufficient	compared	to	time	advocated	in	the	literature.	Group	clinics	are	

becoming	a	more	common	method	of	dietetic	service	delivery	for	CD	and	IBS.	National	

guidance	on	GI	dietetic	service	delivery	is	required	to	ensure	equity	of	dietetic	services	

across	England.	

	

5.2	Introduction			

Since	 the	 inception	 of	 the	 NHS	 in	 the	 UK	 in	 1948,	 there	 have	 been	 huge	 changes	 in	

population	demographics,	with	an	increase	in	chronic	long	term	conditions.	162	The	role	

of	 the	 dietitian	 has	 become	 established	 over	 time,	 with	 a	 growing	 recognition	 on	

nutritional	interventions	on	health	outcomes.162	

	

Whilst	there	has	been	an	increasing	demand	for	dietitians,	little	is	known	on	the	provision	

of	 GI	 dietetic	 services	 in	 England.	 The	 last	 survey	 assessing	 the	 provision	 of	 dietetic	

services	 was	 in	 2007,	 where	 dietetic	 provision	 was	 only	 one	 third	 of	 what	 was	

recommended	by	the	BSG	guidelines	for	CD.163	

	

Dietetic	input	is	essential	in	GI	services.	In	CD,	dietetic	input	can	help	educate	individuals	

on	a	GFD,	monitor	adherence,	identify	hidden	sources	of	gluten,	healthy	gluten	free	grains	

and	ensure	adequate	fibre	and	nutrient	intake.164	There	has	been	a	rapid	expansion	in	the	

role	of	dietary	therapies	in	IBS,	with	dietitians	required	at	the	forefront	to	deliver	these	

therapies	 effectively.56	 Current	 diets	 being	 implemented	 by	 dietitians	 for	 IBS	 include	

general	 dietary	 advice	 and	 the	 LFD,	 as	 advised	 by	 the	 BDA.19	 Nutritional	 input	 from	

dietitians	 is	 also	 essential	 in	 IBD,	 with	 dietitians	 required	 to	 prevent	 and	 treat	

malnutrition	and	micronutrient	deficiencies,	as	well	as	the	prevention	of	osteoporosis.165		
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There	have	been	no	studies	assessing	the	provision	of	gastroenterology	dietetic	services	

as	a	whole	in	England	to	date.	In	view	of	this,	the	aim	of	the	study	was	to	assess	the	current	

provision	of	dietetic	services	in	CD,	IBS	and	IBD.				

	

5.3	Methods		

5.3.1	Study	Design		

 
Hospitals	within	all	England	NHS	trusts	were	approached	between	February	2019	to	June	

2019,	with	all	NHS	trusts	within	England	being	identified	from	the	NHS	England	website	

(https://www.england.nhs.uk/).		Following	this,	dietetic	departments	within	all	England	

NHS	trusts	were	approached,	either	via	telephone,	letter	or	e-mail.	Individuals/teams	of	

dietitians	with	knowledge	of	GI	services	within	their	trusts	were	invited	to	complete	a	

custom-designed	 web-based	 questionnaire,	 or	 a	 paper	 version	 if	 unable	 to	 complete	

electronically.	Trusts	which	did	not	provide	any	gastroenterology	dietetic	services	were	

excluded	(Figure	10).			

	

Questions	asked	included	time	allocated	to	GI	services,	grade	of	dietitian	responsible	for	

GI	services,	setting	in	which	patients	are	seen,	waiting	times,	average	consultation	time	

and	teaching	methods	used.	
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Figure	10	Flow	chart	for	participants	during	trial	

	

5.3.2	Statistical	Analysis				
 

All	data	 collected	was	maintained	confidentially,	with	data	being	analysed	using	SPSS	

version	24	(International	Business	Machines,	Armonk,	NY).	Data	was	summarised	using	

descriptive	statistics,	including	counts	and	percentages	for	categorical	data	and	median	

and	range	for	non-normally	distributed	data.	The	Shapiro-Wilk	test	was	used	to	assess	

normality	of	data.	The	Kruskal	Wallis	test	was	used	to	assess	multiple	non-parametric	

groups.	Comparison	between	categorical	data	between	both	groups	was	performed	using	

c2	testing.	Statistical	significance	was	considered	when	p<0.05.	

	

	

All	NHS	Trusts	in	England	(n=209)	

Excluded	
(n=51)	
No	GI	dietetic	
services	in	trust	

NHS	Trusts	with	GI	dietetic	services	(n=158)	

NHS	Trusts	which	completed	
questionnaire	(n=123)	

	

Approached	

Completed	

Not	completed	
(n=35)	
No	response	
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5.4	Results			

 

Hospitals	within	all	NHS	trusts	were	contacted	(n=209).	There	were	51	trusts	which	did	

not	provide	any	GI	dietetic	services	(e.g.	mental	health	trust,	ambulance	trust).	Surveys	

were	completed	from	123	out	of	158	trusts	(78%)	with	GI	dietetic	services.	The	majority	

of	hospitals	which	responded	were	 from	district	general	hospitals	(51%),	 followed	by	

central	 teaching	 hospitals	 (28%)	 and	 the	 community	 (21%).	 The	 completion	 rate	 by	

region	is	shown	in	Table	23,	with	no	statistically	significant	difference	in	response	rate	

by	region	(p=0.12).	

	

Table	23	Responses	to	Dietetic	Survey	by	Region	
	

	

	

	

	

	

	

																										

 

5.4.1	Overall	Service	Delivery					
	

The	Full	Time	Equivalent	(FTE)	per	head	of	populations	was	3.64	per	100,000	(range	

0.15-16.60)	 across	 England.	 There	 was	 a	 statistically	 significant	 difference	 (p=0.03)	

between	regions,	with	the	highest	being	noted	in	North	East	and	Yorkshire	(5.86	FTE	per	

100,000	[range	0.20-9.19])	and	lowest	being	noted	in	North	West	region	(2.16	FTE	per	

100,000	[range	0.36-14.00]),	as	seen	in	Table	24.	

Region	
	Number	

of	
Trusts		

	Number	
of	Trust	
responses		

Percentage	of	
Trusts	

Responded	(%)		
East	of	England		 19	 11	 58	
North	East	and	Yorkshire	 24	 19	 79	
London		 24	 19	 79	
Midlands	 24	 18		 75	
North	West		 23	 22	 96	
South	East		 24	 17	 71	
South	West		 20	 17	 85	
Total		 158	 123	 78	
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Across	England,	the	vast	majority	of	trusts	saw	adults	in	their	service	(95.1%	[n=117],	

95.9%	[n=118]	and	94.3%	[n=116]	for	CD,	IBS	and	IBD	respectively).	63.4%	(n=78)	of	

trusts	saw	children	with	CD	and	49.6%	(n=61)	saw	children	with	IBD.		

	
Table	24	Full	Time	Equivalent	(FTE)	Dietitians	by	Region		
	

 
 
 
 
 
                        
                                         
 
 
 
 
 
                                    
                                   *Data presented as median (range) 
	

5.4.2	Time	Allocation	to	Services							

	

Hours	 allocated	 monthly	 varied	 between	 conditions	 (p<0.01),	 with	 median	 hours	

allocated	to	IBS	being	the	highest	at	15	[range	0-175]	hours/month,	whereas	median	time	

allocated	 to	 CD	 was	 6	 [range	 0-40]	 hours/month	 and	 IBD	 was	 7	 [range	 0-100]	

hours/month.	

	

The	most	frequent	waiting	time	for	individuals	to	be	seen	was	<2	months	for	individuals	

with	CD	and	IBD,	whereas	it	was	longer	for	IBS	at	2-4	months.	In	terms	of	consultation	

length,	the	most	frequent	consultation	length	was	15-30	minutes	for	patients	with	IBS,	

CD,	and	IBD	(Table	25).		

	

Region	 FTE	
Dietitians/100,000	

East	of	England		 2.38	(0.48-16.60)	
North	East	and	Yorkshire	 5.86	(0.20-9.19)	
London		 3.25	(1.06-14.40)	
Midlands	 3.68	(0.15-8.50)	
North	West		 2.16	(0.36-14.00)	
South	East		 4.09	(0.92-8.33)	
South	West		 3.40	(0.70-8.33)	
Total		 3.64	(0.15-16.60)	
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Approximately	half	of	all	trusts	had	a	dietitian	responsible	for	the	delivery	of	CD	(54%	

n=66),	IBS	(49%,	n=60)	and	IBD	(59%,	n=72)	services.	The	majority	of	individuals	with	

the	main	responsibility	of	delivering	this	service	were	Band	6	dietitians	(pay	band,	scaled	

from	1	to	9)	for	all	GI	services	(Table	25).			

	

Out	of	those	trusts	who	had	a	dietitian	responsible	for	GI	dietetic	service	delivery,	52%	

(n=34)	 had	 received	 post	 registration	 training	 in	 CD,	 92%	 (n=55)	 had	 received	 post	

registration	training	 in	 IBS	and	57%	(n=41)	had	received	post	registration	training	 in	

IBD.	The	commonest	professional	membership	for	dietitians	responsible	for	the	delivery	

of	 CD	 was	 the	 BDA	 (97%,	 n=64)	 followed	 by	 Coeliac	 UK	 (82%,	 n=54).	 Likewise,	 the	

commonest	professional	membership	 for	dietitians	responsible	 for	 the	delivery	of	 IBS	

was	 the	BDA	 (98%,	n=65)	 followed	by	Coeliac	UK	 (58%,	n=35).	Also,	 the	 commonest	

professional	membership	for	dietitians	responsible	for	the	delivery	of	IBD	was	the	BDA	

(96%,	n=69)	followed	by	Coeliac	UK	(40%,	n=29).	
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Table	25	Provision	of	Dietetic	Services	for	Coeliac	Disease,	Irritable	Bowel	Syndrome	and	

Inflammatory	Bowel	Disease		

					CD;	coeliac	disease,	IBS;	irritable	bowel	syndrome,	IBD;	inflammatory	bowel	disease	

	

	

	

	

	

	

	

	

	 CD	 IBS	 IBD	
n	(%)	 n	(%)	 n	(%)	

Band	of	Dietitian	with	
Main	Responsibility	of	

Service	

	 	 	

5	 6	(8)	 4	(6)	 1	(1)	
6	 40	(53)	 41	(61)	 44	(56)	
7	 28	(37)	 22	(33)	 33	(42)	

8a	or	above	 2	(3)	 0	(0)	 0	(0)	
Specialist	Clinic	Frequency	 	 	 	

Weekly	 21	(33)	 27	(44)	 18	(51)	
Fortnightly	 13	(21)	 10	(16)	 6	(17)	
Monthly	 20	(32)	 24	(39)	 10	(29)	

Less	than	monthly	 9	(14)	 1	(2)	 1	(3)	
Policy	for	Management	of	

Condition	
	 	 	

Yes	 58	(47)	 66	(54)	 30	(24)	
No	 65	(53)	 57	(46)	 93	(76)	

Waiting	time	 	 	 	
<2	months		 84	(72)	 46	(39)	 65	(57)	
2-4	months		 32	(27)	 58	(50)	 42	(37)	
4-6	months	 0	(0)	 11	(9)	 7	(6)	
>6	months		 1	(1)	 2	(2)	 0	(0)	

Consultation	Length		 	 	 	
<15	minutes	 3	(3)	 0	(0)	 0	(0)	
15-30	minutes	 51	(43)	 51	(44)	 64	(54)	
30-45	minutes	 48	(41)	 49	(42)	 44	(37)	
45-60	minutes	 16	(14)	 16	(14)	 10	(9)	

Teaching	method	used	 	 	 	
Individual			 116	(94)	 115	(94)	 117	(95)	
Group	 39	(32)	 42	(34)	 1	(1)	
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5.4.3	Specialist	Service	Delivery								

	

Specialist	clinics	were	defined	as	dietetic	clinics	designated	for	the	management	of	one	

condition,	 rather	 than	 general	 dietetic	 clinics	 where	 patients	 with	 a	 wide	 variety	 of	

conditions	were	seen.	A	large	proportion	of	trusts	did	not	deliver	any	specialist	clinics	for	

CD,	IBS	and	IBD	(49%	[n=60],	50%	[n=61]	and	72%	[n=88]	respectively).	Out	of	those	

who	had	specialist	clinics,	the	frequency	of	clinics	is	outlined	in	Table	25,	with	weekly	

clinics	being	the	most	frequent.		

	

47%	of	trusts	had	policies	for	the	dietetic	management	of	CD,	54%	of	trusts	had	policies	

for	 the	 dietetic	 management	 of	 IBS,	 whereas	 only	 24%	 had	 policies	 for	 the	 dietetic	

management	of	IBD.		

	

The	large	majority	of	trusts	delivered	teaching	on	dietetic	therapies	on	a	one-to-one	basis	

(Table	25).	A	large	number	of	 trusts	also	delivered	teaching	through	group	therapies,	

particularly	for	CD	(32%,	n=39)	and	IBS	(34%,	n=42)	rather	than	IBD	(1%,	n=1).		

 

5.5	Discussion			
	

This	 is	 the	 first	 study	 since	2007	 assessing	 the	 provision	 of	 gastroenterology	 dietetic	

services	 in	 England,	 and	 the	 first	 to	 assess	 the	 provision	 of	 IBS	 and	 IBD	 services	 in	

addition	to	CD.	This	study	had	a	high	response	rate	(78%),	which	compares	favourably	to	

the	 previous	 study	 looking	 at	 the	 provision	 of	 dietetic	 services	 in	 CD,	 which	 had	 a	

response	rate	of	38%.163	There	was	no	statistically	significant	difference	in	response	rates	

between	 regions,	 with	 these	 findings	 likely	 to	 be	 an	 accurate	 representation	 of	 the	

provision	of	services	across	England.  	
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There	was	 a	 significant	 difference	 in	 the	 number	 of	 FTE	dietitians	 per	 population	 by	

region,	highlighting	the	variation	in	dietetic	GI	service	delivery	across	England,	similar	to	

the	previous	study	assessing	the	provision	of	CD	in	the	UK.163	This	may	in	part	be	due	to	

variation	 in	 funding	 of	 GI	 dietetic	 services	 across	 England,	 although	 funding	was	 not	

assessed.	

	

It	appears	that	a	 large	proportion	of	 trusts	do	not	have	a	dietitian	responsible	 for	 the	

delivery	of	specialist	gastroenterology	services,	which	were	CD,	IBS	and	IBD.	Adherence	

to	dietary	therapies	have	been	demonstrated	to	be	improved	by	patients	having	regular	

access	 and	 follow	 up	 in	 clinic.166	 This	 highlights	 that	 individuals	 requiring	 dietary	

therapies	 are	 failing	 to	 receive	 specialist	 advice,	 despite	 this	 being	 advocated	 in	 the	

literature.56,125,159	CD	is	common,	with	a	prevalence	of	1%,	with	diet	being	the	mainstay	

of	treatment.	Without	access	to	specialist	services,	these	individuals	are	likely	to	be	at	an	

increased	 risk	 of	 nutritional	 deficiencies,	 such	 as	 deficiencies	 of	 folate,	 calcium,	

magnesium,	 iron,	 zinc	 and	 fibre	 intake.80,112,115	 The	 prevalence	 of	 IBS	 is	 also	 high,	

reported	at	approximately	10	percent,	with	diet	being	reported	as	a	trigger	in	up	to	84%	

of	patients.4,11,12,132	Dietary	therapies	for	IBS	can	be	complex	to	implement	such	as	the	

LFD,	with	specialist	dietetic	input	being	essential	in	the	implementation	of	these	diets.125	

In	 view	 of	 this,	 it	 is	 likely	 that	 many	 patients	 with	 IBS	 are	 not	 receiving	 dietary	

interventions	 or	 are	 self-implementing	 these	 diets.	 A	 large	 study	 of	 1500	

gastroenterologists	demonstrated	that	a	common	mode	to	provide	nutritional	advice	to	

IBS	 patients	 by	 gastroenterologists	was	 educational	 handouts	 (81%),	 highlighting	 the	

suboptimal	care	patients	are	currently	receiving.133	
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A	greater	proportion	of	individuals	are	receiving	post	registration	training	in	IBS	versus	

CD	and	IBD.	This	may	in	part	be	due	to	an	increase	in	knowledge	of	the	role	of	dietary	

therapies	in	IBS,	as	well	as	the	emerging	evidence	for	the	role	of	dietitians	in	the	delivery	

of	 these	dietary	 therapies.19,125	 It	 is	 also	worth	noting	 that	dietetic	 training	 for	 IBS	 in	

England	 is	 commonly	 delivered	 through	 paid	 courses,	 and	 arguably	 this	 should	 be	

embedded	within	their	teaching	curriculum	in	view	of	the	high	prevalence	of	IBS.		

	

There	seems	to	be	disparity	between	recommended	consultation	time	in	the	literature	

and	 true	 clinical	 practice.	 In	 the	 literature,	 it	 is	 recommended	 that	 45-60	minutes	 is	

required	 for	 a	 new	 patient	 to	 educate	 them	 on	 a	 LFD,23	 whereas	 the	 most	 frequent		

consultation	 length	was	15-30	minutes	 in	 this	 study.	This	highlights	 the	 challenges	to	

dietetic	services	to	deliver	these	therapies	effectively.	The	commonest	mode	of	dietetic	

review	was	on	a	one-to-one	basis.	Of	note,	there	were	an	increasing	number	of	individuals	

who	were	seen	in	group	clinics,	mainly	for	CD	and	IBS.	There	appears	to	be	an	emerging	

role	 for	 the	use	of	group	clinics	within	and	outside	the	 field	of	gastroenterology,	with	

group	clinics	being	a	potential	way	to	increase	efficacy	of	seeing	patients.126,167-170	This	

method	 could	 potentially	 bridge	 capacity	 issues	 in	 delivering	 these	 dietetic	 therapies	

effectively,	although	further	studies	are	required.	

	

A	large	proportion	of	trusts	did	not	have	policies	for	the	dietetic	management	of	either	

CD,	IBS	or	IBD.	This	suggests	that	the	delivery	of	care	within	trusts	maybe	heterogenous,	

although	it	is	worth	noting	that	national	guidelines	are	available	such	as	NICE	and	BDA	

guidelines.19,20	
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There	are	potential	limitations	with	this	study.	Firstly,	this	study	assessed	the	provision	

of	 GI	 services	 in	 England	 only.	Whilst	 this	 study	 is	 likely	 to	 be	 representative	 of	 the	

provision	of	dietetic	services	across	England,	this	may	not	be	representative	of	the	entire	

NHS	which	 encompasses	 the	 UK.	 Also,	 as	 this	 is	 the	 first	 study	 assessing	 the	 dietetic	

provision	of	CD,	IBS	and	IBD	together,	there	is	little	data	outlining	previous	provision	to	

compare.	 Also,	 there	 is	 little	 guidance	 on	 the	 required	 level	 of	 GI	 dietetic	 services	 to	

deliver	an	effective	service	in	England.	

	

To	conclude,	there	appears	to	be	an	inequity	of	GI	dietetic	services	across	England,	with	

regional	differences	 in	 the	 level	of	provision	and	 the	extent	of	 specialist	 care.	A	 large	

proportion	 of	 patients	 are	 failing	 to	 receive	 specialist	 dietetic	 care,	 likely	 leading	 to	

patients	self-implementing	or	not	implementing	dietary	interventions,	despite	evidence	

of	their	efficacy.	National	guidance	is	required	to	guide	the	level	of	GI	dietetic	services	

required	to	deliver	an	effective	service.			
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Chapter	 6:	 Summary	 of	 Key	 Findings	 and	 Recommendations	 for	 Future	

Research		

	

The	aim	of	this	body	of	work	was	to	assess	the	role	of	nutritional	therapies	in	IBS,	as	well	

as	assessing	the	provision	of	dietetic	services	to	facilitate	delivery	of	these	therapies.		

	

In	Chapter	3,	the	aim	of	the	study	was	the	assess	the	role	of	the	LFD	at	long	term	follow	

up.	Whilst	 there	 have	 been	 studies	 assessing	 the	 efficacy	 of	 the	 LFD,	 the	majority	 of	

studies	have	assessed	its	efficacy	at	short	 term	follow	up,39,41,43-46,48,57	 there	have	been	

few	studies	assessing	long	term	follow	up.47,50,62,63,65,66	It	is	essential	that	the	long	term	

phase	of	 the	LFD	 is	 assessed,	 as	 there	are	multiple	phases	of	 this	diet,	with	 the	 strict	

reduction	phase	initially,	followed	by	FODMAP	reintroduction	and	finally	personalisation	

at	long	term	follow	up.23		

	

The	study	performed	in	Chapter	3	demonstrated	efficacy	of	the	low	FODMAP	diet	at	long	

term	follow	up,	with	adequate	relief	of	symptoms		reported	at	60%,	which	was	similar	to	

a	previous	study	which	had	shorter	follow	up.50	Reassuringly,	the	majority,	reported	at	

76%,	were	on	the	personalisation	phase	of	the	LFD,	rather	than	the	restrictive	phase.	This	

was	an	important	finding,	as	there	are	concerns	of	nutritional	intake	at	short	term	with	

the	LFD,41,43	and	this	has	been	attributed	to	the	 initial	strict	reduction	of	FODMAPs	at	

short	term	follow	up.	In	this	study,	no	difference	in	mean	nutritional	intake	was	noted	

between	individuals	on	the	personalisation	phase	of	the	low	FODMAP	diet,	compared	to	

those	who	 had	 returned	 to	 a	 habitual	 diet.	Whilst	 the	majority	 of	 individuals	 on	 the	

personalisation	phase	of	the	low	FODMAP	diet	met	the	majority	of	micronutrient	indices,	

the	majority	of	macronutrient	indices	were	not	met,	as	well	as	failing	to	meet	total	energy	
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intakes.	 This	 study	 highlighted	 that	 many	 individuals	 may	 fail	 to	 meet	 nutritional	

requirements	as	a	result	of	eating	patterns	themselves,	rather	than	specifically	the	low	

FODMAP	diet,	with	it	being	shown	previously	that	individuals	with	IBS	fail	to	meet	dietary	

recommended	values.69,134	However,	it	is	worth	noting	that	this	study	compared	energy	

intakes	 against	 estimated	 average	 requirements	 rather	 than	 calculated	 total	 energy	

requirements	of	 individual	patients	(i.e.	 from	prediction	equations).	Therefore,	results	

should	be	interpreted	with	caution.		

	

The	 findings	 of	many	 individuals	with	 IBS	 failing	 to	meet	DRVs	 for	 nutritional	 intake	

highlights	the	need	for	dietetic-led	therapy,	in	order	to	prevent	nutritional	inadequacy,	

and	 prevent	 obsessive	 behaviours	 such	 as	 orthorexia	 nervosa.147	 Whilst	 a	 survey	

demonstrated	that	large	proportion	of	gastroenterologists	in	the	US	recommended	a	low	

FODMAP	diet,	 interestingly	only	a	minority	were	referred	to	a	dietitian	 for	nutritional	

counselling.133	 It	 is	 likely	 that	 the	LFD	 is	being	 implemented	without	dietitians	 in	 the	

majority	of	individuals.	This	study	was	performed	in	the	US,	arguably	with	high	level	of	

infrastructure	 within	 its	 healthcare	 system,	 and	 it	 is	 likely	 that	 the	 LFD	 is	 being	

implemented	without	a	dietitian	in	a	large	proportion	of	individuals	globally,	especially	

in	lower	income	countries,	where	resources	are	more	sparse.24	Future	studies	comparing	

dietetic-led	to	other	modalities	of	delivery,	such	as	physician-led	or	information	sheets	

alone	 may	 be	 useful	 to	 inform	 the	 efficacy	 of	 the	 LFD	 when	 implemented	 without	 a	

dietitian,	 and	 any	 potential	 nutritional	 consequences.	 A	 recent	 case-series	 in	 patients	

with	 functional	 gastrointestinal	 symptoms	 demonstrated	 that	 a	 significantly	 greater	

proportion	of	individuals	were	able	to	follow	all	three	phases	of	the	low	FODMAP	diet	

when	this	was	dietetic-led	compared	to	other	modes	of	delivery.140			
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An	interesting	finding	from	Chapter	3	was	that	many	individuals	on	the	LFD	at	long	term	

follow	up	either	requested	the	GFD	or	WFD	whilst	eating	out,	or	purchased	gluten-free	or	

wheat	‘free-from’	products.		Individuals	maybe	employing	these	diets	in	order	to	reduce	

fructan	 intake,	one	of	 the	FODMAPs,	 as	a	major	dietary	source	of	 fructans	 is	bread.171	

Some	of	the	symptom	improvement	seen	in	the	long	term	low	FODMAP	diet	maybe	as	a	

result	of	 fructan	 reduction	 through	consuming	gluten	or	wheat	 free	 foods.	 It	 is	worth	

noting,	as	mentioned	previously,	 that	several	components	of	wheat	may	be	key	to	the	

pathophysiology	of	symptom	generation.	In	addition	to	fructans,	WGAs,	ATIs	and	gluten	

maybe	 key	 components	 to	 symptom	 improvement.81	 Whilst	 there	 has	 been	 a	 study	

demonstrating	 that	 fructan,	 rather	 than	 gluten,	 maybe	 key	 to	 symptom	 induction,111	

further	 studies	 are	 required	 in	 patients	 with	 IBS	 to	 elucidate	 the	 pathophysiological	

mechanisms.	In	addition,	the	optimal	FODMAP	threshold	to	lead	to	symptom	relief	is	yet	

to	 be	 determined,	 although	 a	 threshold	 of	 12g	 daily	 has	 been	 proposed.140	 Chapter	 3	

demonstrated	that	individuals	on	the	long	term	phase	of	the	low	FODMAP	diet	had	a	total	

FODMAP	 intake	 of	 17g	 daily,	 with	 other	 long	 term	 FODMAP	 studies	 demonstrating	

intakes	of	9.0g	and	20.6g	daily	respectively,	highlighting	the	need	for	studies	to	assess	the	

optimal	 threshold.50,140	However,	 it	 is	worth	noting	 that	 there	may	 not	 be	 an	optimal	

threshold	 per	 se,	 as	 individuals	 with	 IBS	 may	 have	 differing	 FODMAP	 thresholds	

dependent	upon	their	level	of	visceral	hypersensitivity,	with	the	prevalence	of	visceral	

hypersensitivity	in	IBS	being	reported	variably	in	the	literature.172	

	

Whilst	Chapter	3	has	demonstrated	benefits	of	the	LFD	at	long	term	follow	up,	building	

upon	 the	 evidence	 for	 its	 use	 in	 IBS,	 data	 is	 currently	 conflicting	with	 regards	 to	 the	

comparative	 efficacy	 of	 this	 diet	 in	 comparison	 to	 other	 dietary	 therapies.	 A	 study	 in	

Sweden	demonstrated	no	difference	between	the	LFD	and	TDA	and	a	study	in	the	US	also	
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showed	no	difference	in	adequate	symptom	relief	between	the	LFD	and	modified	NICE	

diet.43,44	However,	 individuals	on	 the	LFD	were	 shown	 to	have	a	higher	proportion	of	

abdominal	 pain	 responders,	 compared	 to	 the	modified	NICE	 diet.44	 In	 contrast	 to	 the	

previous	two	studies,43,44	a	study	more	recently	in	Iran	demonstrated	superiority	of	the	

LFD	 in	 comparison	 to	 traditional	 dietary	 advice,57	 highlighting	 the	 uncertainty	 in	 this	

area.	In	this	study	of	110	patients	with	IBS-D,	both	generalised	dietary	advice	(Baseline	

IBS-SSS	253	vs	Week	6	IBS-SSS	150,	p<0.001),	as	well	as	the	LFD	(Baseline	IBS-SSS	264	

vs	Week	6	IBS-SSS	108,	p<0.001),	led	to	the	adequate	improvement	of	GI	symptoms	at	6	

weeks.57	However,	the	magnitude	of	response	was	greater	for	individuals	following	the	

LFD	compared	to	generalised	dietary	advice	(p=0.002).	Of	note,	the	proportion	of	clinical	

responders	(defined	as	a	drop	of	50	points	on	IBS-SSS)	was	not	used	as	an	endpoint,	and	

therefore	the	clinical	significance	of	the	magnitude	of	improvement	is	unclear.57	

	

As	 highlighted	 in	 Chapter	 1,	 there	 is	 growing	 evidence	 of	 the	 benefits	 of	 a	 GFD	 in	

IBS,82,94,96,97	with	Chapter	3	highlighting	that	many	individuals	are	using	gluten	or	wheat	

free	 products	 as	 part	 of	 the	 LFD.	 However,	 a	 systematic	 review	 and	 meta-analysis	

evaluating	the	GFD	and	LFD	suggested	there	was	insufficient	evidence	to	recommend	a	

GFD	to	reduce	IBS	symptoms,	with	low	quality	evidence	for	the	use	of	the	low	FODMAP	

diet.106	As	a	result	of	this,	there	was	a	clear	need	to	evaluate	the	efficacy	of	TDA,	the	LFD	

and	GFD	head	to	head	in	IBS	for	the	first	time	in	the	literature.	This	led	to	Chapter	4,	where	

the	response	rate	to	traditional	dietary	advice,	LFD	and	GFD	was	noted	to	be	40%,	55%	

and	58%	respectively.	 Interestingly,	 there	was	no	 statistically	significant	difference	 in	

response	 rates	 between	 all	 three	 diets,	 despite	 the	 study	 being	 adequately	 powered.	

Whilst	similar	efficacy	was	noted	between	all	three	diets,	differences	were	noted	in	the	

acceptability	of	the	dietary	restriction	as	well	as	food	related	QOL.	Individuals	on	the	GFD	
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and	LFD	took	longer	to	shop	for	their	diet,	the	diets	were	more	expensive	and	eating	out	

was	 harder	 with	 family	 and	 friends,	 in	 comparison	 to	 TDA.	 In	 addition,	 individuals	

receiving	TDA	found	their	diet	tasty	and	enjoyable.	As	can	be	seen	from	this	study,	whilst	

the	 three	 diets	were	 of	 equal	 efficacy,	 patients	may	 prefer	 TDA	 from	 a	 quality	 of	 life	

perspective.	The	challenges	of	the	LFD	were	also	highlighted	at	long	term	follow	up	in	

Chapter	3,	where	similar	themes	were	also	noted,	with	the	LFD	being	noted	to	be	more	

expensive,	more	difficult	 to	eat	out	at	restaurants	and	harder	to	 follow	the	diet	whilst	

overseas	in	comparison	to	a	habitual	diet.	The	study	findings	seen	in	both	Chapter	3	and	

4	 highlight	 the	 need	 to	 consider	 the	 impact	 of	 quality	 of	 life	when	 evaluating	dietary	

therapies.	Despite	the	differences	noted	in	quality	of	life,	Chapter	4	demonstrated	that	

the	majority	of	individuals	would	consider	continuing	all	three	diets,	with	no	differences	

between	groups.	Current	guidelines	propose	the	use	of	TDA,	with	the	LFD	being	proposed	

as	 second	 line	 therapy,	 with	 the	 GFD	 not	 included	 in	 guidelines	 as	 a	 therapy	 option	

currently.5,19	However,	the	findings	in	Chapter	4	challenge	this	notion,	with	the	GFD	being	

shown	to	be	as	effective	as	both	TDA	and	the	low	FODMAP	diet	at	short	term	follow	up	of	

4	weeks.		

	

Whilst	the	GFD	was	shown	to	be	as	effective	as	TDA	and	the	LFD,	this	RCT	was	assessing	

response	over	4	weeks.	A	previous	study	in	Sheffield	demonstrated	that	72%	of	patients	

with	IBS-D	who	had	an	initial	clinical	response	planned	to	continue	a	GFD	at	long	follow	

up,	 with	 a	 mean	 follow	 up	 of	 18	 months,	 reporting	 ongoing	 symptom	 remission.92	

However,	as	data	is	currently	limited,	further	studies	are	required	to	assess	the	efficacy	

of	the	GFD	at	long	term	follow	up,	to	assess	whether	findings	are	sustained.			
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A	recent	study	in	individuals	with	IBS,	as	well	as	healthy	subjects,	demonstrated	symptom	

improvement	in	individuals	with	IBS,	particularly	in	those	with	antigliadin	IgG	and	IgA	

antibodies	(AGAs).100,101	The	findings	suggest	that	AGA	positivity	may	be	potentially	used	

as	a	biomarker	to	assess	individuals	with	IBS	who	may	respond	to	a	GFD.100	However,	

whilst	this	may	be	a	potential	future	biomarker,	it	is	worth	noting	that	the	prevalence	of	

AGA	positivity	was	high	in	the	study,	reported	at	50%,101	similar	to	that	in	individuals	

with	NCGS,	with	there	being	a	significant	overlap	between	NCGS	and	IBS.173	However,	in	

the	validation	cohort,	21%	were	noted	to	be	AGA	positive,101	with	variable	AGA	positivity	

being	reported	in	the	literature	previously,	between	7	to	18%.102,103	Further	studies	are	

required	to	confirm	whether	AGAs	are	a	potential	biomarker	for	response	to	a	GFD	in	IBS.		

Whilst	AGAs	may	be	potential	biomarkers	to	evaluate	those	who	may	respond	to	a	GFD,	

a	more	 pragmatic	 approach	may	 be	 to	 assess	 if	 individuals	with	 IBS	 have	 symptoms	

triggered	by	wheat.	Wheat	is	noted	to	trigger	symptoms	in	up	to	30%	of	individuals	with	

IBS,	77	and	these	individuals	may	potentially	respond	to	a	GFD	or	LFD,	as	wheat	contains	

both	gluten	and	fructans.	

	

In	 terms	 of	 assessing	 predictors	 for	 response	 to	 dietary	 therapies,	 the	 role	 of	 stool	

samples	in	predicting	responsiveness	to	dietary	therapies	was	explored	in	Chapter	4.	A	

previous	study,	using	the	same	method	of	stool	analysis,	demonstrated	that	responders	

could	be	discriminated	from	non-responders	on	the	LFD	using	faecal	bacterial	profiles,	

but	 not	 with	 the	 TDA	 diet.72	 These	 findings	 were	 not	 replicated	 in	 Chapter	 4,	 as	

responders	 could	 not	 be	 discriminated	 from	non-responders	 following	TDA,	 LFD	 and	

GFD.	However,	it	is	worth	noting	that	the	sample	size	for	the	stool	analysis	was	small,	and	

may	 have	 been	 underpowered,	 secondary	 to	 temporary	 suspension	 of	 stool	 sample	

collection	during	the	COVID-19	pandemic.	Currently,	there	is	uncertainty	with	the	role	of	
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the	microbiome	in	dietary	therapies	and	IBS.	Whilst	a	reduction	in	Bifidobacterium	has	

been	demonstrated	in	previous	studies	with	the	LFD	and	GFD,41,119	it	is	unclear	whether	

changes	seen	at	short	term	are	sustained	at	long	term	follow	up.		In	Chapter	4,	alterations	

in	bacterial	abundance	were	noted,	but	 the	clinical	significance	of	 this	was	unclear.	 In	

addition,	 assessment	 of	 dysbiosis	 was	 based	 upon	 a	 Nordic	 normobiotic	 reference	

cohort.152	The	diets	 consumed	by	 the	 reference	 cohort	was	also	unknown,	which	may	

have	 altered	 the	 baseline	 reference	 cohort	 range.72,152	 The	 faecal	 flora	 may	 have	 an	

unequal	 distribution	within	 stool	 samples,	 as	well	 as	 individuals	 having	 a	 unique	 gut	

microbiota	 profile.105,121,159	 This	 highlights	 the	 challenge	 of	 assessment	 of	 the	 gut	

microbiota,	with	further	research	in	this	area	required,	including	the	optimal	sampling	

method.	Changes	in	the	gut	microbiome	were	assessed,	but	it	is	important	to	note	that	

the	virome	and	mycobiome	may	play	a	role	 in	 the	assessment	of	dietary	therapies.	 In	

terms	of	 other	 predictors,	 there	were	 no	other	 signals	 from	Chapter	 4	 that	 predicted	

responsiveness	to	dietary	therapies.	  Further	research	is	required	to	assess	predictors	

to	dietary	therapies	in	IBS,	to	enable	targeted	therapies.	

	

In	 terms	 of	 nutritional	 intake,	 no	 significant	 differences	 in	 macronutrient	 and	

micronutrient	change	were	noted	between	all	three	diets,	in	Chapter	4.	The	majority	of	

individuals	failed	to	meet	DRVs	for	total	energy	intake	both	pre-	and	post-	intervention	

following	all	three	diets	at	short	term	follow	up.	Similar	to	the	long	term	low	FODMAP	

data	presented	in	Chapter	3,	from	the	RCT,	it	appears	that	many	individuals	with	IBS	may	

fail	to	meet	nutritional	requirements	as	a	result	of	eating	patterns	themselves,	rather	than	

specific	 diets.	 Orthorexia	 nervosa	 is	 now	 a	 well-established	 term,	 being	 a	 disorder	

associated	with	the	focus	on	‘healthy	eating’.174	A	single-centre	prospective	study	in	233	

IBS	 patients	 who	 had	 commenced	 a	 LFD	 group	 programme,	 using	 the	 SCOFF	 eating	
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disorder	questionnaire,	demonstrated	that	23%	(n=54)	were	at	risk	of	eating	disorder	

behaviour,	 highlighting	 this	 maybe	 prevalent	 in	 IBS.175	 However,	 like	 Chapter	 3,	

estimated	 average	 requirements	 for	 energy	 were	 used,	 rather	 than	 individually	

calculated	total	energy	requirements,	and	therefore	these	findings	should	be	interpreted	

with	 caution.	 In	 addition,	 further	 research	 is	 required	 in	 exploring	 the	 prevalence	 of	

disordered	 eating	 in	 IBS.	 It	 is	 worth	 noting	 at	 short	 term	 follow	 up,	 that	 there	were	

significant	changes	in	specific	micronutrients	demonstrated,	with	changes	in	potassium	

and	 iron	with	 the	TDA	diet,	 and	 thiamine	 and	magnesium	on	 both	 the	 LFD	 and	GFD.	

Further	research	is	required	to	fully	explore	both	macro-	and	micro	–	nutrient	changes	in	

individuals	with	IBS,	both	with	and	without	specific	dietary	interventions.		

	

Whilst	efficacy	of	the	TDA	diet,	LFD	and	GFD	was	demonstrated	in	Chapter	4,	it	is	possible	

that	these	effects	may	be	overestimated.	The	placebo	response	has	been	noted	to	be	as	

high	 as	 40%	 in	 patients	with	 IBS,176	 and	 this	may	 in	 part	 be	 contributed	 by	 patients	

entering	trials	when	their	symptoms	of	IBS	are	most	severe,177	with	45%	of	participants	

having	 severe	 IBS	 (IBS-SSS	 >300)	 in	 this	 RCT.	 In	 addition,	 IBS	 is	 characterised	 by	 a	

fluctuating	course,	with	a	10-year	study	demonstrating	that	less	than	40%	of	individuals	

originally	 who	 met	 the	 criteria	 for	 IBS,	 using	 the	 Rome	 III	 criteria,	 still	 met	 the	

criteria.178,179	However,	it	is	worth	noting	that	the	low	FODMAP	diet	has	shown	superior	

adequate	of	relief	of	symptoms	compared	to	a	habitual	diet.41	 In	addition,	the	LFD	has	

been	shown	to	have	a	significantly	lower	reduction	in	IBS-SSS	compared	to	a	sham	diet46,	

and	a	high	FODMAP	diet,45	as	well	as	lower	gastrointestinal	symptom	scores	compared	

to	an	Australian	diet.39	Whilst	 these	studies	suggest	superiority	of	a	LFD	compared	to	

conventional	diets,	and	it	may	be	extrapolated	that	the	GFD	and	TDA	are	more	effective	
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than	conventional	diets	on	 the	basis	of	 equal	efficacy	 shown	 in	Chapter	4,	studies	are	

required	to	confirm	this.		

	

It	is	worth	noting	that	individuals	with	IBS-D	and	IBS-M	were	recruited	in	Chapter	4,	with	

patients	with	IBS-C	not	recruited.	It	has	been	suggested	that	symptom	improvement	on	a	

LFD	is	dependent	upon	subtype,	with	the	diet	has	been	suggested	to	be	less	effective	in	

patients	with	IBS-C	due	to	the	low	fibre	content	of	the	low	FODMAP	diet.	49	In	the	study	

in	Chapter	4,	there	was	a	trend	towards	greater	fibre	reduction,	which	may	be	expected.		

However,	in	Chapter	3,	it	was	shown	that	the	response	rate	to	the	LFD	was	independent	

of	subtype,	including	those	with	IBS-C.	It	has	also	been	suggested	that	FODMAP	intake	

does	not	alter	faecal	water,	and	is	not	targeted	towards	specific	effects	on	bowel	habit.39,51	

In	view	of	this	uncertainty,	further	studies	are	required	assessing	the	role	of	the	LFD	in	

individuals	with	IBS-C.	In	addition,	the	majority	of	studies	on	a	GFD	have	not	focussed	on	

patients	with	IBS-C	either,	with	further	research	required.		

	

Study	design	is	therefore	key	in	dietary	trials	of	IBS,	but	this	remains	challenging.	Whilst	

there	 have	 been	 a	 growing	 number	 of	 RCTs	 in	 IBS,	 including	 the	 study	 performed	 in	

Chapter	4,	study	design	has	been	heterogenous.106	Whilst	participants	should	ideally	be	

blinded	to	their	intervention,	this	has	been	increasingly	challenging	with	the	increasing	

awareness	of	both	the	LFD	and	GFD.24,107	In	Chapter	4,	participants	were	aware	of	the	diet	

they	were	randomly	allocated	to,	but	unaware	of	the	other	interventions	until	completion	

of	the	study.	Dietary	advice	was	given,	rather	than	the	RCT	being	a	feeding	study.	Whilst	

dietary	intake	may	have	been	more	strictly	controlled	and	achieved	on	a	feeding	study,95	

this	 may	 not	 be	 representative	 of	 ‘real-life’	 intake.24	 It	 has	 also	 been	 suggested	 that	

several	different	ways	may	be	used	to	assess	dietary	therapies,	such	as	comparing	against	
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extremes	of	intakes,	comparing	diets	against	placebo,	as	well	as	comparing	diets	head-to-

head,	as	seen	in	Chapter	4.147	

	

Whilst	TDA,	LFD	and	GFD	have	been	explored	as	dietary	therapies	for	IBS	in	this	thesis,	

it	is	feasible	that	other	dietary	approaches	may	also	be	potential	therapeutic	options	for	

IBS	that	need	further	exploration.	A	tailored	‘bottom-up’	approach	has	been	suggested	

for	 the	LFD,	with	the	reduction	of	a	 few	specific	 foods	thought	 to	 trigger	symptoms	 in	

patients,	dependent	upon	patient	reported	symptoms.33	A	study	comparing	the		‘bottom-

up’	approach	such	as	a	fructan	free	diet,	in	comparison	to	other	dietary	therapies	such	as	

the	 low	 FODMAP	 diet,	 GFD	 and	 first	 TDA	 may	 help	 better	 understand	 whether	 this	

approach	 may	 be	 effective	 in	 IBS.	 Of	 note,	 as	 mentioned	 previously,	 one	 study	 did	

demonstrate	 that	 fructans	 may	 potentially	 be	 the	 cause	 for	 symptoms	 rather	 than	

gluten.111		

	

Whilst	the	focus	of	this	thesis	has	been	on	the	role	of	dietary	therapies	in	IBS,	it	is	also	

important	to	explore	the	efficacy	of	dietary	therapies	in	comparison	to	other	available	

modalities.	 It	 is	 worth	 noting	 that	 psychological	 therapies	 may	 be	 an	 effective	

management	option	for	IBS,	such	as	cognitive	behavioural	therapy.180	It	is	worth	noting	

that	gut-directed	hypnotherapy	has	been	shown	to	be	as	effective	as	the	LFD,	which	was	

sustained	 at	 6	months.62	 In	 addition,	 similar	 symptom	 improvement	 has	 been	 shown	

comparing	 yoga	 and	 the	 low	 FODMAP	 diet	 head-to-head.61	 Little	 is	 known	 on	 the	

comparative	efficacy	of	medical	treatments	to	dietary	therapies	in	IBS.	Studies	comparing	

traditional	medical	 treatments,	 such	 as	 antispasmodic	drugs,	 peppermint	 oil	 and	 gut-

brain	 neuromodulators	 (e.g.	 tricyclic	 antidepressants,	 selective	 serotonin	 reuptake	

inhibitors)	to	dietary	therapies	are	required.181	It	has	been	suggested	that	less	stringent	
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criteria	should	be	used	in	the	evaluation	of	dietary	therapies,	in	comparison	to	medical	

trials.110	 In	 pharmaceutical	 trials,	 the	 Food	 and	 Drug	 Administration	 and	 European	

Medicines	Agency	require	symptom	benefit	over	a	prolonged	time	period	as	well	as	a	

good	safety	profile.24	It	could	be	argued	that	dietary	therapies	should	be	held	to	the	same	

level	of	scrutiny	as	medical	therapies,	as	they	are	not	without	potential	risk.24	However,	

funding	of	dietary	trials	may	be	more	challenging	in	comparison	to	medical	trials.	Larger	

dietary	studies	are	required	in	order	to	increase	the	strength	of	evidence	for	their	use,	

and	a	cost	effective	way	to	deliver	larger	studies	could	be	through	remote	delivery	such	

as	webinars.182			

	

In	Chapter	3	and	4,	outcomes	of	dietary	therapies	were	assessed	from	dietetic-led	advice,	

which	 is	 in	 line	with	 the	 literature,	 with	 the	 evidence	 base	 for	 these	 therapies	 being	

derived	from	dietetic-led	advice.24	In	view	of	this,	it	was	important	to	establish	whether	

there	was	infrastructure	to	deliver	these	therapies	in	clinical	practice.	Chapter	5	explored	

the	provision	of	GI	dietetic	services	in	England.	The	provision	of	dietetic	services	varied	

throughout	the	country,	which	was	similar	to	a	previous	study	performed	in	2007.163	A	

key	finding	was	that	a	significant	proportion	of	trusts	did	not	deliver	specialist	clinics	for	

IBS.	 Currently,	 it	 is	 unclear	 whether	 dietitians	 who	 delivery	 specialist	 clinics	 to	 IBS	

patients	 leads	 to	a	greater	 clinical	 response,	 in	 comparison	 to	 those	 seen	 in	a	general	

clinic.	Studies	assessing	the	impact	of	grade	of	dietitian	and	specialist	interest	may	help	

better	inform	this.		

	

In	addition,	the	commonest	consultation	length	for	patients	with	IBS	was	between	15-30	

minutes.	This	appears	to	be	an	inadequate	consultation	length,	as	it	has	been	suggested	

in	the	literature	that	between	45	to	60	minutes	is	required	to	educate	a	new	patient	on	
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the	LFD.31	However,	there	are	no	national	guidelines	currently	in	terms	of	the	level	of	GI	

dietetic	 services	 to	 deliver	 these	 dietary	 therapies	 effectively.	 In	 addition,	 this	 study	

highlighted	similar	deficiencies	in	provision	across	other	GI	conditions,	with	IBD	and	CD	

having	similar	findings.		

	

Another	 important	 finding	was	 that	 individual	 consultations	 were	 the	 most	 frequent	

consultation	method,	although	a	significant	proportion	were	seen	in	group	clinics.	There	

has	been	an	increase	in	interest	of	delivering	dietetic	therapies	via	group	clinics,	with	this	

been	shown	to	be	as	effective	as	one-to-one	therapy	when	evaluated	with	the	LFD	in	IBS,	

as	well	as	being	potentially	more	cost-effective.126	This	approach	has	also	been	shown	to	

be	effective	with	the	GFD	in	patients	with	CD.170	In	addition,	in	Chapter	4,	the	response	

rate	seen	to	dietary	therapies,	where	diets	were	delivered	via	group	clinics,	was	similar	

to	 studies	 where	 patients	 were	 seen	 individually.43,44	 This	 may	 be	 a	 cost-effective	

approach	in	delivering	these	therapies	going	forward,	and	help	to	deliver	these	therapies	

where	resources	are	limited.	As	a	result	of	the	COVID-19	pandemic,	dietetic	delivery	of	

therapies	 was	 switched	 from	 face-to-face	 to	 online	 remote	 delivery.	 Chapter	 4	

demonstrated	no	difference	in	the	efficacy	of	these	therapies	when	delivered	either	face-

to-face	or	remotely,	using	the	same	dietitians	and	delivery	content.		This	highlights	the	

efficacy	 of	 a	 remote	 approach,	 which	 may	 be	 potentially	 more	 cost-effective,	 with	

research	required	to	analyse	this.		

	

To	conclude,	 this	 thesis	has	demonstrated	the	efficacy	of	dietary	therapies	 in	 IBS.	The	

long-term	efficacy	of	the	LFD	has	been	demonstrated,	highlighting	that	many	individuals	

use	the	GFD	or	WFD	to	manage	their	symptoms,	although	the	mechanistic	reasons	are	

unclear.	TDA,	GFD	and	LFD	appear	to	have	equal	efficacy	in	IBS	at	short	term	follow	up,	
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although	TDA	may	be	more	preferable	to	patients.	Further	research	is	required	to	assess	

the	role	of	the	microbiome	in	IBS.	Whilst	dietary	therapies	are	effective	to	manage	IBS,	

there	is	an	inequity	of	services	across	England,	with	a	likely	need	for	a	shift	in	delivery	

methods	of	dietetic	therapies	to	meet	needs.		
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Appendices		
 

Appendix	1	GSRS	questionnaire		
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Appendix	2	Acceptability	of	Dietary	Restriction	Questionnaire		

 
 

 Agree Neutral Disagree 
I find it easy to buy suitable foods for my current diet at my 
normal supermarkets or shops 

   

I am able to buy foods suitable for my current diet at my 
normal supermarkets or shops 

   

I use high street/online speciality shops (eg, health food 
shops) to buy food for my current diets 

   

It takes extra time to shop for my current diet    

I find food labelling is adequate to allow me to confidently 
choose suitable foods 

   

The cost of my current diet is more expensive    

Does eating out at restaurants make it more difficult for you 
to follow your current diet? 

   

Does eating out at friends/families make it more difficult for 
you to follow your current diet? 

   

Does travel (overseas/UK) make it more difficult for you to 
follow your current diet? 

   

Overall, I find my current diet tasty and enjoyable    
I can incorporate my current diet easily into my life    

My current dietary needs have created stress with my 
family/friends 
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Appendix	3	Food	Related	QOL	Questionnaire		

 
 

 Agree Neutral Disagree 

Food and meals are positive elements of my life    

I am generally pleased with my food    
My life in relation to food and meals is close to my 
ideal 

   

With regard to food, the conditions of my life are 
excellent 

   

Food and meals give me satisfaction in daily life    
I wish my meals were much more pleasant part of my 
life 

   

When I think of my next meal, I only see problems, 
obstacles and disappointments 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



149 
 

Appendix	4	CNAQ	Questionnaire		
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Appendix	5	IBS-SSS	Questionnaire		
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Appendix	6	HADS	Questionnaire		
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Appendix	7	PHQ	12	Somatisation	Questionnaire	
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Appendix	8	IBS-QOL	Questionnaire		
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evaluating the provision of gastroenterology dietetic services in England 

	
This was a poster presentation which was presented virtually at this national conference in 

January 2021 

	

	

 

	

	

	

	

	

	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



179 
 

References		

 

1.	 Mearin	 F,	 Lacy	 BE,	 Chang	 L,	 et	 al.	 Bowel	 Disorders.	 Gastroenterology.	 Feb	

2016;doi:10.1053/j.gastro.2016.02.031	

2.	 Lacy	BE,	Patel	NK.	Rome	Criteria	and	a	Diagnostic	Approach	 to	 Irritable	Bowel	

Syndrome.	J	Clin	Med.	Oct	2017;6(11)doi:10.3390/jcm6110099	

3.	 Sperber	 AD,	 Bangdiwala	 SI,	 Drossman	 DA,	 et	 al.	 Worldwide	 Prevalence	 and	

Burden	 of	 Functional	 Gastrointestinal	 Disorders,	 Results	 of	 Rome	 Foundation	 Global	

Study.	Gastroenterology.	Apr	2020;doi:10.1053/j.gastro.2020.04.014	

4.	 Lovell	 RM,	 Ford	 AC.	 Global	 prevalence	 of	 and	 risk	 factors	 for	 irritable	 bowel	

syndrome:	 a	 meta-analysis.	 Clin	 Gastroenterol	 Hepatol.	 Jul	 2012;10(7):712-721.e4.	

doi:10.1016/j.cgh.2012.02.029	

5.	 Vasant	DH,	Paine	PA,	Black	CJ,	et	al.	British	Society	of	Gastroenterology	guidelines	

on	 the	 management	 of	 irritable	 bowel	 syndrome.	 Gut.	 Apr	 2021;doi:10.1136/gutjnl-

2021-324598	

6.	 Flacco	ME,	Manzoli	L,	De	Giorgio	R,	 et	 al.	 Costs	of	 irritable	bowel	 syndrome	 in	

European	countries	with	universal	healthcare	 coverage:	 a	meta-analysis.	Eur	Rev	Med	

Pharmacol	Sci.	Apr	2019;23(7):2986-3000.	doi:10.26355/eurrev_201904_17580	

7.	 Manning	AP,	Thompson	WG,	Heaton	KW,	Morris	AF.	Towards	positive	diagnosis	

of	the	irritable	bowel.	Br	Med	J.	Sep	1978;2(6138):653-4.		

8.	 Kruis	W,	Thieme	C,	Weinzierl	M,	Schüssler	P,	Holl	J,	Paulus	W.	A	diagnostic	score	

for	 the	 irritable	 bowel	 syndrome.	 Its	 value	 in	 the	 exclusion	 of	 organic	 disease.	

Gastroenterology.	Jul	1984;87(1):1-7.		

9.	 Drossman	DA.	 Functional	 Gastrointestinal	Disorders:	History,	 Pathophysiology,	

Clinical	 Features	 and	 Rome	 IV.	 Gastroenterology.	 Feb	

2016;doi:10.1053/j.gastro.2016.02.032	



180 
 

10.	 Portincasa	P,	Bonfrate	L,	de	Bari	O,	Lembo	A,	Ballou	S.	Irritable	bowel	syndrome	

and	diet.	Gastroenterol	Rep	(Oxf).	Jan	2017;doi:10.1093/gastro/gow047	

11.	 Simrén	 M,	 Månsson	 A,	 Langkilde	 AM,	 et	 al.	 Food-related	 gastrointestinal	

symptoms	in	the	irritable	bowel	syndrome.	Digestion.	2001;63(2):108-15.	doi:51878	

12.	 Monsbakken	KW,	Vandvik	PO,	Farup	PG.	Perceived	food	 intolerance	 in	subjects	

with	irritable	bowel	syndrome--	etiology,	prevalence	and	consequences.	Eur	J	Clin	Nutr.	

May	2006;60(5):667-72.	doi:10.1038/sj.ejcn.1602367	

13.	 Böhn	 L,	 Störsrud	 S,	 Simrén	M.	Nutrient	 intake	 in	 patients	with	 irritable	 bowel	

syndrome	 compared	 with	 the	 general	 population.	 Neurogastroenterol	 Motil.	 Jan	

2013;25(1):23-30.e1.	doi:10.1111/nmo.12001	

14.	 Tuck	 CJ,	 Biesiekierski	 JR,	 Schmid-Grendelmeier	 P,	 Pohl	 D.	 Food	 Intolerances.	

Nutrients.	Jul	22	2019;11(7)doi:10.3390/nu11071684	

15.	 Jones	VA,	McLaughlan	P,	Shorthouse	M,	Workman	E,	Hunter	JO.	Food	intolerance:	

a	 major	 factor	 in	 the	 pathogenesis	 of	 irritable	 bowel	 syndrome.	 Lancet.	 Nov	

1982;2(8308):1115-7.		

16.	 Nanda	 R,	 James	 R,	 Smith	 H,	 Dudley	 CR,	 Jewell	 DP.	 Food	 intolerance	 and	 the	

irritable	bowel	syndrome.	Gut.	Aug	1989;30(8):1099-104.		

17.	 Park	MI,	Camilleri	M.	Is	there	a	role	of	food	allergy	in	irritable	bowel	syndrome	

and	 functional	 dyspepsia?	 A	 systematic	 review.	 Neurogastroenterol	 Motil.	 Aug	

2006;18(8):595-607.	doi:10.1111/j.1365-2982.2005.00745.x	

18.	 Parker	 T,	 Naylor	 S,	 Riordan	 A,	 Hunter	 J.	 Management	 of	 patients	 with	 food	

intolerance	in	irritable	bowel	syndrome:	the	development	and	use	of	an	exclusion	diet.	J	

Hum	Nutr	Diet.	1995;8:159-66.		

19.	 McKenzie	YA,	Bowyer	RK,	Leach	H,	et	al.	British	Dietetic	Association	systematic	

review	and	evidence-based	practice	guidelines	for	the	dietary	management	of	irritable	



181 
 

bowel	 syndrome	 in	 adults	 (2016	 update).	 J	 Hum	 Nutr	 Diet.	 Oct	 2016;29(5):549-75.	

doi:10.1111/jhn.12385	

20.	 National	Institute	for	Health	and	Clinical	Excellence		.	Irritable		

21.	 Moayyedi	P,	Quigley	EM,	Lacy	BE,	 et	 al.	The	effect	of	 fiber	 supplementation	on	

irritable	bowel	syndrome:	a	systematic	review	and	meta-analysis.	Am	J	Gastroenterol.	Sep	

2014;109(9):1367-74.	doi:10.1038/ajg.2014.195	

22.	 National	Institute	for	Health	and	Clinical	Excellence		.	Irritable	bowel	syndrome	in	

adults:	diagnosis	and	management.	Clinical	Guideline	[CG61].		Published:	February	2008.	

Last	updated:April	2017.		

23.	 Whelan	K,	Martin	LD,	Staudacher	HM,	Lomer	MCE.	The	low	FODMAP	diet	in	the	

management	 of	 irritable	 bowel	 syndrome:	 an	 evidence-based	 review	 of	 FODMAP	

restriction,	reintroduction	and	personalisation	 in	clinical	practice.	 J	Hum	Nutr	Diet.	04	

2018;31(2):239-255.	doi:10.1111/jhn.12530	

24.	 Rej	A,	Aziz	I,	Tornblom	H,	Sanders	DS,	Simren	M.	The	role	of	diet	in	irritable	bowel	

syndrome:	 implications	 for	 dietary	 advice.	 J	 Intern	 Med.	 Nov	 2019;286(5):490-502.	

doi:10.1111/joim.12966	

25.	 Varney	 J,	 Barrett	 J,	 Scarlata	 K,	 Catsos	 P,	 Gibson	 PR,	 Muir	 JG.	 FODMAPs:	 food	

composition,	defining	cutoff	values	and	international	application.	J	Gastroenterol	Hepatol.	

Mar	2017;32	Suppl	1:53-61.	doi:10.1111/jgh.13698	

26.	 Staudacher	 HM,	 Whelan	 K.	 The	 low	 FODMAP	 diet:	 recent	 advances	 in	

understanding	 its	 mechanisms	 and	 efficacy	 in	 IBS.	 Gut.	 08	 2017;66(8):1517-1527.	

doi:10.1136/gutjnl-2017-313750	

27.	 Barrett	 JS,	 Gearry	 RB,	 Muir	 JG,	 et	 al.	 Dietary	 poorly	 absorbed,	 short-chain	

carbohydrates	 increase	 delivery	 of	water	 and	 fermentable	 substrates	 to	 the	 proximal	



182 
 

colon.	 Aliment	 Pharmacol	 Ther.	 Apr	 2010;31(8):874-82.	 doi:10.1111/j.1365-

2036.2010.04237.x	

28.	 Marciani	 L,	 Cox	 EF,	Hoad	CL,	 et	 al.	 Postprandial	 changes	 in	 small	 bowel	water	

content	in	healthy	subjects	and	patients	with	irritable	bowel	syndrome.	Gastroenterology.	

Feb	2010;138(2):469-77,	477.e1.	doi:10.1053/j.gastro.2009.10.055	

29.	 Major	G,	Pritchard	S,	Murray	K,	et	al.	Colon	Hypersensitivity	to	Distension,	Rather	

Than	 Excessive	 Gas	 Production,	 Produces	 Carbohydrate-Related	 Symptoms	 in	

Individuals	 With	 Irritable	 Bowel	 Syndrome.	 Gastroenterology.	 01	 2017;152(1):124-

133.e2.	doi:10.1053/j.gastro.2016.09.062	

30.	 Spiller	R.	How	do	FODMAPs	work?	 J	Gastroenterol	Hepatol.	Mar	2017;32	Suppl	

1:36-39.	doi:10.1111/jgh.13694	

31.	 Whelan	K,	Martin	LD,	Staudacher	HM,	Lomer	MCE.	The	low	FODMAP	diet	in	the	

management	 of	 irritable	 bowel	 syndrome:	 an	 evidence-based	 review	 of	 FODMAP	

restriction,	reintroduction	and	personalisation	in	clinical	practice.	J	Hum	Nutr	Diet.	 Jan	

2018;doi:10.1111/jhn.12530	

32.	 Mitchell	H,	Porter	J,	Gibson	PR,	Barrett	J,	Garg	M.	Review	article:	implementation	

of	a	diet	low	in	FODMAPs	for	patients	with	irritable	bowel	syndrome-directions	for	future	

research.	Aliment	Pharmacol	Ther.	Jan	2019;49(2):124-139.	doi:10.1111/apt.15079	

33.	 Wang	XJ,	Camilleri	M,	Vanner	S,	Tuck	C.	Review	article:	biological	mechanisms	for	

symptom	causation	by	individual	FODMAP	subgroups	-	the	case	for	a	more	personalised	

approach	 to	 dietary	 restriction.	 Aliment	 Pharmacol	 Ther.	 Sep	 2019;50(5):517-529.	

doi:10.1111/apt.15419	

34.	 Halmos	EP.	When	the	low	FODMAP	diet	does	not	work.	J	Gastroenterol	Hepatol.	

Mar	2017;32	Suppl	1:69-72.	doi:10.1111/jgh.13701	



183 
 

35.	 Gibson	PR,	 Shepherd	SJ.	Personal	view:	 food	 for	 thought--western	 lifestyle	and	

susceptibility	to	Crohn's	disease.	The	FODMAP	hypothesis.	Aliment	Pharmacol	Ther.	Jun	

2005;21(12):1399-409.	doi:10.1111/j.1365-2036.2005.02506.x	

36.	 Gibson	 PR,	 Shepherd	 SJ.	 Evidence-based	 dietary	 management	 of	 functional	

gastrointestinal	 symptoms:	 The	 FODMAP	 approach.	 J	 Gastroenterol	 Hepatol.	 Feb	

2010;25(2):252-8.	doi:10.1111/j.1440-1746.2009.06149.x	

37.	 Shepherd	SJ,	Gibson	PR.	Fructose	malabsorption	and	symptoms	of	irritable	bowel	

syndrome:	 guidelines	 for	 effective	 dietary	 management.	 J	 Am	 Diet	 Assoc.	 Oct	

2006;106(10):1631-9.	doi:10.1016/j.jada.2006.07.010	

38.	 Shepherd	 SJ,	 Parker	 FC,	 Muir	 JG,	 Gibson	 PR.	 Dietary	 triggers	 of	 abdominal	

symptoms	 in	 patients	with	 irritable	 bowel	 syndrome:	 randomized	 placebo-controlled	

evidence.	 Clin	 Gastroenterol	 Hepatol.	 Jul	 2008;6(7):765-71.	

doi:10.1016/j.cgh.2008.02.058	

39.	 Halmos	EP,	Power	VA,	Shepherd	SJ,	Gibson	PR,	Muir	JG.	A	diet	low	in	FODMAPs	

reduces	symptoms	of	irritable	bowel	syndrome.	Gastroenterology.	 Jan	2014;146(1):67-

75.e5.	doi:10.1053/j.gastro.2013.09.046	

40.	 Krogsgaard	 LR,	 Lyngesen	 M,	 Bytzer	 P.	 Letter:	 bias	 in	 clinical	 trials	 of	 the	

symptomatic	effects	of	 the	 low	FODMAP	diet	 for	 irritable	bowel	syndrome-getting	the	

facts	 right.	 Authors'	 reply.	 Aliment	 Pharmacol	 Ther.	 Aug	 2017;46(3):386-387.	

doi:10.1111/apt.14165	

41.	 Staudacher	 HM,	 Lomer	 MC,	 Anderson	 JL,	 et	 al.	 Fermentable	 carbohydrate	

restriction	 reduces	 luminal	 bifidobacteria	 and	 gastrointestinal	 symptoms	 in	 patients	

with	 irritable	 bowel	 syndrome.	 J	 Nutr.	 Aug	 2012;142(8):1510-8.	

doi:10.3945/jn.112.159285	



184 
 

42.	 Pedersen	N,	Andersen	NN,	Végh	Z,	et	al.	Ehealth:	low	FODMAP	diet	vs	Lactobacillus	

rhamnosus	 GG	 in	 irritable	 bowel	 syndrome.	 World	 J	 Gastroenterol.	 Nov	

2014;20(43):16215-26.	doi:10.3748/wjg.v20.i43.16215	

43.	 Böhn	L,	Störsrud	S,	Liljebo	T,	et	al.	Diet	 low	in	FODMAPs	reduces	symptoms	of	

irritable	bowel	syndrome	as	well	as	traditional	dietary	advice:	a	randomized	controlled	

trial.	 Gastroenterology.	 Nov	 2015;149(6):1399-1407.e2.	

doi:10.1053/j.gastro.2015.07.054	

44.	 Eswaran	SL,	Chey	WD,	Han-Markey	T,	Ball	S,	Jackson	K.	A	Randomized	Controlled	

Trial	Comparing	the	Low	FODMAP	Diet	vs.	Modified	NICE	Guidelines	in	US	Adults	with	

IBS-D.	Am	J	Gastroenterol.	Dec	2016;111(12):1824-1832.	doi:10.1038/ajg.2016.434	

45.	 McIntosh	 K,	 Reed	 DE,	 Schneider	 T,	 et	 al.	 FODMAPs	 alter	 symptoms	 and	 the	

metabolome	 of	 patients	 with	 IBS:	 a	 randomised	 controlled	 trial.	 Gut.	 Jul	

2017;66(7):1241-1251.	doi:10.1136/gutjnl-2015-311339	

46.	 Staudacher	 HM,	 Lomer	 MCE,	 Farquharson	 FM,	 et	 al.	 Diet	 Low	 in	 FODMAPs	

Reduces	Symptoms	 in	Patients	with	 Irritable	Bowel	Syndrome	and	Probiotic	Restores	

Bifidobacterium	 Species:	 a	 Randomized	 Controlled	 Trial.	 Gastroenterology.	 Jun	

2017;doi:10.1053/j.gastro.2017.06.010	

47.	 Harvie	RM,	Chisholm	AW,	Bisanz	 JE,	 et	 al.	 Long-term	 irritable	bowel	syndrome	

symptom	control	with	 reintroduction	of	 selected	FODMAPs.	World	 J	Gastroenterol.	 Jul	

2017;23(25):4632-4643.	doi:10.3748/wjg.v23.i25.4632	

48.	 Hustoft	 TN,	 Hausken	 T,	 Ystad	 SO,	 et	 al.	 Effects	 of	 varying	 dietary	 content	 of	

fermentable	 short-chain	 carbohydrates	 on	 symptoms,	 fecal	 microenvironment,	 and	

cytokine	profiles	 in	patients	with	 irritable	bowel	 syndrome.	Neurogastroenterol	Motil.	

Apr	2017;29(4)doi:10.1111/nmo.12969	



185 
 

49.	 Marsh	A,	 Eslick	EM,	 Eslick	GD.	Does	 a	 diet	 low	 in	 FODMAPs	 reduce	 symptoms	

associated	 with	 functional	 gastrointestinal	 disorders?	 A	 comprehensive	 systematic	

review	 and	meta-analysis.	 Eur	 J	 Nutr.	 Apr	 2016;55(3):897-906.	 doi:10.1007/s00394-

015-0922-1	

50.	 O'Keeffe	M,	Jansen	C,	Martin	L,	et	al.	Long-term	impact	of	the	low-FODMAP	diet	on	

gastrointestinal	 symptoms,	 dietary	 intake,	 patient	 acceptability,	 and	 healthcare	

utilization	 in	 irritable	 bowel	 syndrome.	 Neurogastroenterol	 Motil.	 Jan	

2018;30(1)doi:10.1111/nmo.13154	

51.	 Gibson	PR.	 The	 evidence	 base	 for	 efficacy	 of	 the	 low	FODMAP	diet	 in	 irritable	

bowel	syndrome:	is	it	ready	for	prime	time	as	a	first-line	therapy?	J	Gastroenterol	Hepatol.	

Mar	2017;32	Suppl	1:32-35.	doi:10.1111/jgh.13693	

52.	 Krogsgaard	LR,	Lyngesen	M,	Bytzer	P.	Systematic	review:	quality	of	trials	on	the	

symptomatic	 effects	 of	 the	 low	 FODMAP	 diet	 for	 irritable	 bowel	 syndrome.	 Aliment	

Pharmacol	Ther.	Jun	2017;45(12):1506-1513.	doi:10.1111/apt.14065	

53.	 Rao	SS,	Yu	S,	Fedewa	A.	Systematic	review:	dietary	fibre	and	FODMAP-restricted	

diet	in	the	management	of	constipation	and	irritable	bowel	syndrome.	Aliment	Pharmacol	

Ther.	Jun	2015;41(12):1256-70.	doi:10.1111/apt.13167	

54.	 van	 Lanen	 AS,	 de	 Bree	 A,	 Greyling	 A.	 Efficacy	 of	 a	 low-FODMAP	 diet	 in	 adult	

irritable	 bowel	 syndrome:	 a	 systematic	 review	 and	 meta-analysis.	 Eur	 J	 Nutr.	 Feb	

2021;doi:10.1007/s00394-020-02473-0	

55.	 Francis	CY,	Morris	J,	Whorwell	PJ.	The	irritable	bowel	severity	scoring	system:	a	

simple	 method	 of	 monitoring	 irritable	 bowel	 syndrome	 and	 its	 progress.	 Aliment	

Pharmacol	Ther.	Apr	1997;11(2):395-402.		



186 
 

56.	 Rej	A,	Avery	A,	Ford	AC,	et	al.	Clinical	application	of	dietary	therapies	in	irritable	

bowel	 syndrome.	 J	 Gastrointestin	 Liver	 Dis.	 Sep	 2018;27(3):307-316.	

doi:10.15403/jgld.2014.1121.273.avy	

57.	 Zahedi	MJ,	Behrouz	V,	Azimi	M.	Low	fermentable	oligo-di-mono-saccharides	and	

polyols	 diet	 versus	 general	 dietary	 advice	 in	 patients	 with	 diarrhea-predominant	

irritable	 bowel	 syndrome:	 A	 randomized	 controlled	 trial.	 J	 Gastroenterol	 Hepatol.	 Jun	

2018;33(6):1192-1199.	doi:10.1111/jgh.14051	

58.	 Patcharatrakul	 T,	 Juntrapirat	 A,	 Lakananurak	 N,	 Gonlachanvit	 S.	 Effect	 of	

Structural	 Individual	 Low-FODMAP	 Dietary	 Advice	 vs.	 Brief	 Advice	 on	 a	 Commonly	

Recommended	 Diet	 on	 IBS	 Symptoms	 and	 Intestinal	 Gas	 Production.	 Nutrients.	 Nov	

2019;11(12)doi:10.3390/nu11122856	

59.	 Goyal	O,	Batta	S,	Nohria	S,	et	al.	Low	fermentable	oligosaccharide,	disaccharide,	

monosaccharide,	and	polyol	diet	in	patients	with	diarrhea-predominant	irritable	bowel	

syndrome:	 A	 prospective,	 randomized	 trial.	 J	 Gastroenterol	 Hepatol.	 Jan	

2021;doi:10.1111/jgh.15410	

60.	 Paduano	 D,	 Cingolani	 A,	 Tanda	 E,	 Usai	 P.	 Effect	 of	 Three	 Diets	 (Low-FODMAP,	

Gluten-free	and	Balanced)	on	Irritable	Bowel	Syndrome	Symptoms	and	Health-Related	

Quality	of	Life.	Nutrients.	Jul	2019;11(7)doi:10.3390/nu11071566	

61.	 Schumann	D,	Langhorst	J,	Dobos	G,	Cramer	H.	Randomised	clinical	trial:	yoga	vs	a	

low-FODMAP	diet	in	patients	with	irritable	bowel	syndrome.	Aliment	Pharmacol	Ther.	01	

2018;47(2):203-211.	doi:10.1111/apt.14400	

62.	 Peters	SL,	Yao	CK,	Philpott	H,	Yelland	GW,	Muir	JG,	Gibson	PR.	Randomised	clinical	

trial:	the	efficacy	of	gut-directed	hypnotherapy	is	similar	to	that	of	the	low	FODMAP	diet	

for	 the	 treatment	 of	 irritable	 bowel	 syndrome.	 Aliment	 Pharmacol	 Ther.	 09	

2016;44(5):447-59.	doi:10.1111/apt.13706	



187 
 

63.	 de	 Roest	 RH,	 Dobbs	 BR,	 Chapman	 BA,	 et	 al.	 The	 low	 FODMAP	 diet	 improves	

gastrointestinal	 symptoms	 in	 patients	 with	 irritable	 bowel	 syndrome:	 a	 prospective	

study.	Int	J	Clin	Pract.	Sep	2013;67(9):895-903.	doi:10.1111/ijcp.12128	

64.	 Gearry	RB,	Irving	PM,	Barrett	JS,	Nathan	DM,	Shepherd	SJ,	Gibson	PR.	Reduction	of	

dietary	 poorly	 absorbed	 short-chain	 carbohydrates	 (FODMAPs)	 improves	 abdominal	

symptoms	in	patients	with	inflammatory	bowel	disease-a	pilot	study.	J	Crohns	Colitis.	Feb	

2009;3(1):8-14.	doi:10.1016/j.crohns.2008.09.004	

65.	 Maagaard	 L,	 Ankersen	 DV,	 Végh	 Z,	 et	 al.	 Follow-up	 of	 patients	with	 functional	

bowel	 symptoms	 treated	 with	 a	 low	 FODMAP	 diet.	 World	 J	 Gastroenterol.	 Apr	

2016;22(15):4009-19.	doi:10.3748/wjg.v22.i15.4009	

66.	 Weynants	A,	Goossens	L,	Genetello	M,	De	Looze	D,	Van	Winckel	M.	The	long-term	

effect	 and	 adherence	 of	 a	 low	 fermentable	 oligosaccharides	 disaccharides	

monosaccharides	and	polyols	(FODMAP)	diet	in	patients	with	irritable	bowel	syndrome.	

J	Hum	Nutr	Diet.	Apr	2020;33(2):159-169.	doi:10.1111/jhn.12706	

67.	 Bellini	M,	Tonarelli	S,	Nagy	AG,	et	al.	Low	FODMAP	Diet:	Evidence,	Doubts,	and	

Hopes.	Nutrients.	Jan	4	2020;12(1)doi:10.3390/nu12010148	

68.	 Bellini	M,	Gambaccini	D,	Bazzichi	L,	et	al.	Bioelectrical	impedance	vector	analysis	

in	 patients	with	 irritable	 bowel	 syndrome	 on	a	 low	FODMAP	diet:	 a	 pilot	 study.	Tech	

Coloproctol.	Jun	2017;21(6):451-459.	doi:10.1007/s10151-017-1639-3	

69.	 Eswaran	S,	Dolan	RD,	Ball	SC,	Jackson	K,	Chey	W.	The	Impact	of	a	4-Week	Low-

FODMAP	and	mNICE	Diet	on	Nutrient	Intake	in	a	Sample	of	US	Adults	with	Irritable	Bowel	

Syndrome	 with	 Diarrhea.	 J	 Acad	 Nutr	 Diet.	 Apr	 2020;120(4):641-649.	

doi:10.1016/j.jand.2019.03.003	

70.	 Marchesi	JR,	Adams	DH,	Fava	F,	et	al.	The	gut	microbiota	and	host	health:	a	new	

clinical	frontier.	Gut.	Feb	2016;65(2):330-9.	doi:10.1136/gutjnl-2015-309990	



188 
 

71.	 Ursell	LK,	Metcalf	JL,	Parfrey	LW,	Knight	R.	Defining	the	human	microbiome.	Nutr	

Rev.	Aug	2012;70	Suppl	1:S38-44.	doi:10.1111/j.1753-4887.2012.00493.x	

72.	 Bennet	SMP,	Böhn	L,	Störsrud	S,	et	al.	Multivariate	modelling	of	faecal	bacterial	

profiles	of	patients	with	IBS	predicts	responsiveness	to	a	diet	low	in	FODMAPs.	Gut.	05	

2018;67(5):872-881.	doi:10.1136/gutjnl-2016-313128	

73.	 Halmos	EP,	Christophersen	CT,	Bird	AR,	Shepherd	SJ,	Gibson	PR,	Muir	JG.	Diets	that	

differ	 in	 their	 FODMAP	 content	 alter	 the	 colonic	 luminal	 microenvironment.	 Gut.	 Jan	

2015;64(1):93-100.	doi:10.1136/gutjnl-2014-307264	

74.	 Louis	 P,	 Flint	 HJ.	 Diversity,	 metabolism	 and	 microbial	 ecology	 of	 butyrate-

producing	 bacteria	 from	 the	 human	 large	 intestine.	 FEMS	 Microbiol	 Lett.	 May	

2009;294(1):1-8.	doi:10.1111/j.1574-6968.2009.01514.x	

75.	 Rossi	 M,	 Aggio	 R,	 Staudacher	 HM,	 et	 al.	 Volatile	 Organic	 Compounds	 in	 Feces	

Associate	 With	 Response	 to	 Dietary	 Intervention	 in	 Patients	 With	 Irritable	 Bowel	

Syndrome.	 Clin	 Gastroenterol	 Hepatol.	 Mar	 2018;16(3):385-391.e1.	

doi:10.1016/j.cgh.2017.09.055	

76.	 Golley	S,	Corsini	N,	Topping	D,	Morell	M,	Mohr	P.	Motivations	for	avoiding	wheat	

consumption	 in	 Australia:	 results	 from	 a	 population	 survey.	 Public	 Health	 Nutr.	 Feb	

2015;18(3):490-9.	doi:10.1017/S1368980014000652	

77.	 Carroccio	A,	Mansueto	P,	Iacono	G,	et	al.	Non-celiac	wheat	sensitivity	diagnosed	by	

double-blind	 placebo-controlled	 challenge:	 exploring	 a	 new	 clinical	 entity.	 Am	 J	

Gastroenterol.	Dec	2012;107(12):1898-906;	quiz	1907.	doi:10.1038/ajg.2012.236	

78.	 Carroccio	 A,	 D'Alcamo	 A,	 Iacono	 G,	 et	 al.	 Persistence	 of	 Nonceliac	 Wheat	

Sensitivity,	Based	on	Long-term	Follow-up.	Gastroenterology.	 Jul	2017;153(1):56-58.e3.	

doi:10.1053/j.gastro.2017.03.034	



189 
 

79.	 Fritscher-Ravens	A,	Schuppan	D,	Ellrichmann	M,	et	al.	Confocal	endomicroscopy	

shows	food-associated	changes	in	the	intestinal	mucosa	of	patients	with	irritable	bowel	

syndrome.	 Gastroenterology.	 Nov	 2014;147(5):1012-20.e4.	

doi:10.1053/j.gastro.2014.07.046	

80.	 Wild	D,	Robins	GG,	Burley	VJ,	Howdle	PD.	Evidence	of	high	sugar	intake,	and	low	

fibre	 and	 mineral	 intake,	 in	 the	 gluten-free	 diet.	 Aliment	 Pharmacol	 Ther.	 Aug	

2010;32(4):573-81.	doi:10.1111/j.1365-2036.2010.04386.x	

81.	 Aziz	I,	Hadjivassiliou	M,	Sanders	DS.	The	spectrum	of	noncoeliac	gluten	sensitivity.	

Nat	Rev	Gastroenterol	Hepatol.	Sep	2015;12(9):516-26.	doi:10.1038/nrgastro.2015.107	

82.	 Vazquez-Roque	MI,	Camilleri	M,	Smyrk	T,	et	al.	A	controlled	trial	of	gluten-free	diet	

in	 patients	 with	 irritable	 bowel	 syndrome-diarrhea:	 effects	 on	 bowel	 frequency	 and	

intestinal	 function.	 Gastroenterology.	 May	 2013;144(5):903-911.e3.	

doi:10.1053/j.gastro.2013.01.049	

83.	 Wu	RL,	Vazquez-Roque	MI,	Carlson	P,	et	al.	Gluten-induced	symptoms	in	diarrhea-

predominant	irritable	bowel	syndrome	are	associated	with	increased	myosin	light	chain	

kinase	 activity	 and	 claudin-15	 expression.	 Lab	 Invest.	 01	 2017;97(1):14-23.	

doi:10.1038/labinvest.2016.118	

84.	 Junker	Y,	Zeissig	S,	Kim	SJ,	et	al.	Wheat	amylase	trypsin	inhibitors	drive	intestinal	

inflammation	via	activation	of	 toll-like	receptor	4.	 J	Exp	Med.	Dec	2012;209(13):2395-

408.	doi:10.1084/jem.20102660	

85.	 de	Punder	K,	Pruimboom	L.	The	dietary	intake	of	wheat	and	other	cereal	grains	

and	 their	 role	 in	 inflammation.	 Nutrients.	 Mar	 2013;5(3):771-87.	

doi:10.3390/nu5030771	



190 
 

86.	 Catassi	C,	Alaedini	A,	Bojarski	C,	et	al.	The	Overlapping	Area	of	Non-Celiac	Gluten	

Sensitivity	 (NCGS)	 and	 Wheat-Sensitive	 Irritable	 Bowel	 Syndrome	 (IBS):	 An	 Update.	

Nutrients.	Nov	2017;9(11)doi:10.3390/nu9111268	

87.	 Cooper	BT,	Holmes	GK,	Ferguson	R,	Thompson	RA,	Allan	RN,	Cooke	WT.	Gluten-

sensitive	diarrhea	without	evidence	of	celiac	disease.	Gastroenterology.	Nov	1980;79(5	Pt	

1):801-6.		

88.	 Ellis	 A,	 Linaker	 BD.	 Non-coeliac	 gluten	 sensitivity?	 Lancet.	 Jun	

1978;1(8078):1358-9.		

89.	 Volta	U,	Pinto-Sanchez	MI,	Boschetti	E,	Caio	G,	De	Giorgio	R,	Verdu	EF.	Dietary	

Triggers	in	Irritable	Bowel	Syndrome:	Is	There	a	Role	for	Gluten?	J	Neurogastroenterol	

Motil.	Oct	2016;22(4):547-557.	doi:10.5056/jnm16069	

90.	 Bascuñán	KA,	Vespa	MC,	Araya	M.	Celiac	disease:	understanding	the	gluten-free	

diet.	Eur	J	Nutr.	Mar	2017;56(2):449-459.	doi:10.1007/s00394-016-1238-5	

91.	 Jones	 AL.	 The	 Gluten-Free	 Diet:	 Fad	 or	 Necessity?	 Diabetes	 Spectr.	 May	

2017;30(2):118-123.	doi:10.2337/ds16-0022	

92.	 Aziz	 I,	 Trott	 N,	 Briggs	 R,	 North	 JR,	 Hadjivassiliou	M,	 Sanders	 DS.	 Efficacy	 of	 a	

Gluten-Free	Diet	in	Subjects	With	Irritable	Bowel	Syndrome-Diarrhea	Unaware	of	Their	

HLA-DQ2/8	 Genotype.	 Clin	 Gastroenterol	 Hepatol.	 May	 2016;14(5):696-703.e1.	

doi:10.1016/j.cgh.2015.12.031	

93.	 Gibson	PR,	Muir	JG.	Not	all	effects	of	a	gluten-free	diet	are	due	to	removal	of	gluten.	

Gastroenterology.	Sep	2013;145(3):693.	doi:10.1053/j.gastro.2013.06.056	

94.	 Biesiekierski	 JR,	 Newnham	 ED,	 Irving	 PM,	 et	 al.	 Gluten	 causes	 gastrointestinal	

symptoms	 in	 subjects	 without	 celiac	 disease:	 a	 double-blind	 randomized	 placebo-

controlled	 trial.	 Am	 J	 Gastroenterol.	 Mar	 2011;106(3):508-14;	 quiz	 515.	

doi:10.1038/ajg.2010.487	



191 
 

95.	 Biesiekierski	JR,	Peters	SL,	Newnham	ED,	Rosella	O,	Muir	JG,	Gibson	PR.	No	effects	

of	 gluten	 in	 patients	 with	 self-reported	 non-celiac	 gluten	 sensitivity	 after	 dietary	

reduction	of	fermentable,	poorly	absorbed,	short-chain	carbohydrates.	Gastroenterology.	

Aug	2013;145(2):320-8.e1-3.	doi:10.1053/j.gastro.2013.04.051	

96.	 Shahbazkhani	B,	Sadeghi	A,	Malekzadeh	R,	et	al.	Non-Celiac	Gluten	Sensitivity	Has	

Narrowed	 the	 Spectrum	 of	 Irritable	 Bowel	 Syndrome:	 A	 Double-Blind	 Randomized	

Placebo-Controlled	Trial.	Nutrients.	Jun	2015;7(6):4542-54.	doi:10.3390/nu7064542	

97.	 Zanwar	VG,	Pawar	SV,	Gambhire	PA,	et	al.	Symptomatic	improvement	with	gluten	

restriction	 in	 irritable	 bowel	 syndrome:	 a	 prospective,	 randomized,	 double	 blinded	

placebo	 controlled	 trial.	 Intest	 Res.	 Oct	 2016;14(4):343-350.	

doi:10.5217/ir.2016.14.4.343	

98.	 Peters	SL,	Biesiekierski	JR,	Yelland	GW,	Muir	JG,	Gibson	PR.	Randomised	clinical	

trial:	 gluten	may	 cause	 depression	 in	 subjects	with	 non-coeliac	gluten	 sensitivity	 -	 an	

exploratory	 clinical	 study.	 Aliment	 Pharmacol	 Ther.	 May	 2014;39(10):1104-12.	

doi:10.1111/apt.12730	

99.	 Barmeyer	C,	Schumann	M,	Meyer	T,	et	al.	Long-term	response	to	gluten-free	diet	

as	 evidence	 for	 non-celiac	 wheat	 sensitivity	 in	 one	 third	 of	 patients	 with	 diarrhea-

dominant	 and	 mixed-type	 irritable	 bowel	 syndrome.	 Int	 J	 Colorectal	 Dis.	 Jan	

2017;32(1):29-39.	doi:10.1007/s00384-016-2663-x	

100.	 Rej	 A,	 Aziz	 I,	 Sanders	 DS.	 Personalizing	 Dietary	 Therapies	 For	 Irritable	 Bowel	

Syndrome:	 What	 Is	 Gluten's	 Role?	 Clin	 Gastroenterol	 Hepatol.	 Oct	

2020;doi:10.1016/j.cgh.2020.10.024	

101.	 Pinto-Sanchez	 MI,	 Nardelli	 A,	 Borojevic	 R,	 et	 al.	 Gluten-Free	 Diet	 Reduces	

Symptoms,	 Particularly	 Diarrhea,	 in	 Patients	 With	 Irritable	 Bowel	 Syndrome	 and	

Antigliadin	IgG.	Clin	Gastroenterol	Hepatol.	Aug	2020;doi:10.1016/j.cgh.2020.08.040	



192 
 

102.	 Cash	BD,	Rubenstein	JH,	Young	PE,	et	al.	The	prevalence	of	celiac	disease	among	

patients	 with	 nonconstipated	 irritable	 bowel	 syndrome	 is	 similar	 to	 controls.	

Gastroenterology.	Oct	2011;141(4):1187-93.	doi:10.1053/j.gastro.2011.06.084	

103.	 Sanders	DS,	Carter	MJ,	Hurlstone	DP,	et	al.	Association	of	adult	coeliac	disease	with	

irritable	 bowel	 syndrome:	 a	 case-control	 study	 in	 patients	 fulfilling	 ROME	 II	 criteria	

referred	 to	 secondary	 care.	 Lancet.	 Nov	 2001;358(9292):1504-8.	 doi:10.1016/S0140-

6736(01)06581-3	

104.	 Hadjivassiliou	M,	Grünewald	RA,	Sanders	DS,	et	al.	The	Significance	of	Low	Titre	

Antigliadin	 Antibodies	 in	 the	 Diagnosis	 of	 Gluten	 Ataxia.	 Nutrients.	 Oct	

2018;10(10)doi:10.3390/nu10101444	

105.	 Garcia-Mazcorro	JF,	Noratto	G,	Remes-Troche	JM.	The	Effect	of	Gluten-Free	Diet	

on	Health	and	the	Gut	Microbiota	Cannot	Be	Extrapolated	from	One	Population	to	Others.	

Nutrients.	Oct	2018;10(10)doi:10.3390/nu10101421	

106.	 Dionne	J,	Ford	AC,	Yuan	Y,	et	al.	A	Systematic	Review	and	Meta-Analysis	Evaluating	

the	 Efficacy	 of	 a	Gluten-Free	Diet	 and	 a	 Low	FODMAPs	Diet	 in	 Treating	 Symptoms	of	

Irritable	 Bowel	 Syndrome.	 Am	 J	 Gastroenterol.	 Sep	 2018;113(9):1290-1300.	

doi:10.1038/s41395-018-0195-4	

107.	 Staudacher	 HM,	 Irving	 PM,	 Lomer	 MCE,	Whelans	 K.	 The	 challenges	 of	 control	

groups,	placebos	and	blinding	in	clinical	trials	of	dietary	interventions.	Proc	Nutr	Soc.	11	

2017;76(4):628.	doi:10.1017/S0029665117002816	

108.	 Aziz	 I,	 Lewis	 NR,	 Hadjivassiliou	M,	 et	 al.	 A	 UK	 study	 assessing	 the	 population	

prevalence	of	self-reported	gluten	sensitivity	and	referral	characteristics	 to	secondary	

care.	 Eur	 J	 Gastroenterol	 Hepatol.	 Jan	 2014;26(1):33-9.	

doi:10.1097/01.meg.0000435546.87251.f7	



193 
 

109.	 Tanpowpong	 P,	 Ingham	 TR,	 Lampshire	 PK,	 et	 al.	 Coeliac	 disease	 and	 gluten	

avoidance	 in	 New	 Zealand	 children.	 Arch	 Dis	 Child.	 Jan	 2012;97(1):12-6.	

doi:10.1136/archdischild-2011-300248	

110.	 Yao	 CK,	 Gibson	 PR,	 Shepherd	 SJ.	 Design	 of	 clinical	 trials	 evaluating	 dietary	

interventions	in	patients	with	functional	gastrointestinal	disorders.	Am	J	Gastroenterol.	

May	2013;108(5):748-58.	doi:10.1038/ajg.2013.77	

111.	 Skodje	 GI,	 Sarna	 VK,	 Minelle	 IH,	 et	 al.	 Fructan,	 Rather	 Than	 Gluten,	 Induces	

Symptoms	in	Patients	With	Self-reported	Non-celiac	Gluten	Sensitivity.	Gastroenterology.	

Nov	2017;doi:10.1053/j.gastro.2017.10.040	

112.	 Thompson	T,	Dennis	M,	Higgins	LA,	Lee	AR,	Sharrett	MK.	Gluten-free	diet	survey:	

are	 Americans	 with	 coeliac	 disease	 consuming	 recommended	 amounts	 of	 fibre,	 iron,	

calcium	 and	 grain	 foods?	 J	 Hum	Nutr	Diet.	 Jun	 2005;18(3):163-9.	 doi:10.1111/j.1365-

277X.2005.00607.x	

113.	 Vici	G,	Belli	L,	Biondi	M,	Polzonetti	V.	Gluten	free	diet	and	nutrient	deficiencies:	A	

review.	Clin	Nutr.	Dec	2016;35(6):1236-1241.	doi:10.1016/j.clnu.2016.05.002	

114.	 Bennett	E,	Peters	SAE,	Woodward	M.	Sex	differences	in	macronutrient	intake	and	

adherence	 to	 dietary	 recommendations:	 findings	 from	 the	 UK	Biobank.	BMJ	 Open.	 04	

2018;8(4):e020017.	doi:10.1136/bmjopen-2017-020017	

115.	 Shepherd	SJ,	Gibson	PR.	Nutritional	 inadequacies	of	 the	gluten-free	diet	 in	both	

recently-diagnosed	 and	 long-term	patients	with	 coeliac	 disease.	 J	 Hum	Nutr	Diet.	 Aug	

2013;26(4):349-58.	doi:10.1111/jhn.12018	

116.	 Bonder	MJ,	Tigchelaar	EF,	Cai	X,	et	al.	The	influence	of	a	short-term	gluten-free	diet	

on	 the	 human	 gut	microbiome.	Genome	Med.	 Apr	 2016;8(1):45.	 doi:10.1186/s13073-

016-0295-y	



194 
 

117.	 De	 Palma	 G,	 Nadal	 I,	 Medina	 M,	 et	 al.	 Intestinal	 dysbiosis	 and	 reduced	

immunoglobulin-coated	 bacteria	 associated	 with	 coeliac	 disease	 in	 children.	 BMC	

Microbiol.	Feb	2010;10:63.	doi:10.1186/1471-2180-10-63	

118.	 Schippa	S,	 Iebba	V,	Barbato	M,	et	al.	A	distinctive	 'microbial	signature'	 in	celiac	

pediatric	patients.	BMC	Microbiol.	Jun	2010;10:175.	doi:10.1186/1471-2180-10-175	

119.	 De	 Palma	 G,	 Nadal	 I,	 Collado	 MC,	 Sanz	 Y.	 Effects	 of	 a	 gluten-free	 diet	 on	 gut	

microbiota	 and	 immune	 function	 in	 healthy	 adult	 human	 subjects.	 Br	 J	 Nutr.	 Oct	

2009;102(8):1154-60.	doi:10.1017/S0007114509371767	

120.	 Ferreira-Halder	 CV,	 Faria	 AVS,	 Andrade	 SS.	 Action	 and	 function	 of	

Faecalibacterium	prausnitzii	in	health	and	disease.	Best	Pract	Res	Clin	Gastroenterol.	Dec	

2017;31(6):643-648.	doi:10.1016/j.bpg.2017.09.011	

121.	 Swidsinski	 A,	 Loening-Baucke	 V,	 Vaneechoutte	 M,	 Doerffel	 Y.	 Active	 Crohn's	

disease	and	ulcerative	colitis	can	be	specifically	diagnosed	and	monitored	based	on	the	

biostructure	 of	 the	 fecal	 flora.	 Inflamm	 Bowel	 Dis.	 Feb	 2008;14(2):147-61.	

doi:10.1002/ibd.20330	

122.	 Lenhart	A,	Dong	T,	Joshi	S,	et	al.	Effect	of	Exclusion	Diets	on	Symptom	Severity	and	

the	Gut	Microbiota	in	Patients	with	Irritable	Bowel	Syndrome.	Clin	Gastroenterol	Hepatol.	

May	2021;doi:10.1016/j.cgh.2021.05.027	

123.	 Tuck	 CJ,	 Muir	 JG,	 Barrett	 JS,	 Gibson	 PR.	 Fermentable	 oligosaccharides,	

disaccharides,	monosaccharides	and	polyols:	role	in	irritable	bowel	syndrome.	Expert	Rev	

Gastroenterol	Hepatol.	Sep	2014;8(7):819-34.	doi:10.1586/17474124.2014.917956	

124.	 De	Giorgio	R,	Volta	U,	Gibson	PR.	Sensitivity	to	wheat,	gluten	and	FODMAPs	in	IBS:	

facts	or	fiction?	Gut.	Jan	2016;65(1):169-78.	doi:10.1136/gutjnl-2015-309757	



195 
 

125.	 O'Keeffe	 M,	 Lomer	 MC.	 Who	 should	 deliver	 the	 low	 FODMAP	 diet	 and	 what	

educational	methods	are	optimal:	a	review.	J	Gastroenterol	Hepatol.	Mar	2017;32	Suppl	

1:23-26.	doi:10.1111/jgh.13690	

126.	 Whigham	L,	Joyce	T,	Harper	G,	et	al.	Clinical	effectiveness	and	economic	costs	of	

group	versus	one-to-one	education	for	short-chain	fermentable	carbohydrate	restriction	

(low	FODMAP	diet)	in	the	management	of	irritable	bowel	syndrome.	J	Hum	Nutr	Diet.	Dec	

2015;28(6):687-96.	doi:10.1111/jhn.12318	

127.	 Aziz	I,	Karajeh	MA,	Zilkha	J,	Tubman	E,	Fowles	C,	Sanders	DS.	Change	in	awareness	

of	 gluten-related	 disorders	 among	 chefs	 and	 the	 general	 public	 in	 the	 UK:	 a	 10-year	

follow-up	 study.	 Eur	 J	 Gastroenterol	 Hepatol.	 Nov	 2014;26(11):1228-33.	

doi:10.1097/MEG.0000000000000166	

128.	 Burden	M,	Mooney	PD,	Blanshard	RJ,	White	WL,	Cambray-Deakin	DR,	Sanders	DS.	

Cost	and	availability	of	gluten-free	food	in	the	UK:	in	store	and	online.	Postgrad	Med	J.	Nov	

2015;91(1081):622-6.	doi:10.1136/postgradmedj-2015-133395	

129.	 Pietzak	MM.	Follow-up	of	patients	with	celiac	disease:	achieving	compliance	with	

treatment.	Gastroenterology.	Apr	2005;128(4	Suppl	1):S135-41.		

130.	 Palsson	OS,	Whitehead	W,	Törnblom	H,	Sperber	AD,	Simren	M.	Prevalence	of	Rome	

IV	Functional	Bowel	Disorders	Among	Adults	in	the	United	States,	Canada,	and	the	United	

Kingdom.	 Gastroenterology.	 04	 2020;158(5):1262-1273.e3.	

doi:10.1053/j.gastro.2019.12.021	

131.	 Ford	 AC,	 Lacy	 BE,	 Talley	 NJ.	 Irritable	 Bowel	 Syndrome.	 N	 Engl	 J	 Med.	 06	

2017;376(26):2566-2578.	doi:10.1056/NEJMra1607547	

132.	 Böhn	 L,	 Störsrud	 S,	 Törnblom	 H,	 Bengtsson	 U,	 Simrén	 M.	 Self-reported	 food-

related	gastrointestinal	symptoms	in	IBS	are	common	and	associated	with	more	severe	



196 
 

symptoms	 and	 reduced	 quality	 of	 life.	 Am	 J	 Gastroenterol.	 May	 2013;108(5):634-41.	

doi:10.1038/ajg.2013.105	

133.	 Lenhart	A,	Ferch	C,	 Shaw	M,	Chey	WD.	Use	of	Dietary	Management	 in	 Irritable	

Bowel	Syndrome:	Results	of	a	Survey	of	Over	1500	United	States	Gastroenterologists.	J	

Neurogastroenterol	Motil.	Jul	2018;24(3):437-451.	doi:10.5056/jnm17116	

134.	 Staudacher	HM,	Ralph	FSE,	Irving	PM,	Whelan	K,	Lomer	MCE.	Nutrient	Intake,	Diet	

Quality,	 and	 Diet	 Diversity	 in	 Irritable	 Bowel	 Syndrome	 and	 the	 Impact	 of	 the	 Low	

FODMAP	 Diet.	 J	 Acad	 Nutr	 Diet.	 Apr	 2020;120(4):535-547.	

doi:10.1016/j.jand.2019.01.017	

135.	 Irvine	 EJ,	 Tack	 J,	 Crowell	MD,	 et	 al.	 Design	 of	 Treatment	 Trials	 for	 Functional	

Gastrointestinal	 Disorders.	 Gastroenterology.	 May	 2016;150(6):1469-1480.e1.	

doi:10.1053/j.gastro.2016.02.010	

136.	 Wiklund	IK,	Fullerton	S,	Hawkey	CJ,	et	al.	An	 irritable	bowel	syndrome-specific	

symptom	 questionnaire:	 development	 and	 validation.	 Scand	 J	 Gastroenterol.	 Sep	

2003;38(9):947-54.		

137.	 Barr	J,	Schumacher	G.	Using	focus	groups	to	determine	what	constitutes	quality	of	

life	 in	 clients	 receiving	medical	 nutrition	 therapy:	 first	 steps	 in	 the	 development	 of	 a	

nutrition	 quality-of-life	 survey.	 J	 Am	 Diet	 Assoc.	 Jul	 2003;103(7):844-51.	

doi:10.1053/jada.2003.50170	

138.	 Barrett	 JS,	 Gibson	 PR.	 Development	 and	 validation	 of	 a	 comprehensive	 semi-

quantitative	 food	 frequency	questionnaire	 that	 includes	FODMAP	 intake	and	glycemic	

index.	J	Am	Diet	Assoc.	Oct	2010;110(10):1469-76.	doi:10.1016/j.jada.2010.07.011	

139.	 Shim	 JS,	 Oh	 K,	 Kim	HC.	 Dietary	 assessment	methods	 in	 epidemiologic	 studies.	

Epidemiol	Health.	2014;36:e2014009.	doi:10.4178/epih/e2014009	



197 
 

140.	 Tuck	CJ,	Reed	DE,	Muir	JG,	Vanner	SJ.	Implementation	of	the	low	FODMAP	diet	in	

functional	gastrointestinal	symptoms:	A	real-world	experience.	Neurogastroenterol	Motil.	

01	2020;32(1):e13730.	doi:10.1111/nmo.13730	

141.	 Samasca	G,	Sur	G,	Lupan	I,	Deleanu	D.	Gluten-free	diet	and	quality	of	life	in	celiac	

disease.	Gastroenterol	Hepatol	Bed	Bench.	2014;7(3):139-43.		

142.	 Eswaran	S,	Chey	WD,	Jackson	K,	Pillai	S,	Chey	SW,	Han-Markey	T.	A	Diet	Low	in	

Fermentable	Oligo-,	Di-,	and	Monosaccharides	and	Polyols	Improves	Quality	of	Life	and	

Reduces	Activity	Impairment	 in	Patients	With	Irritable	Bowel	Syndrome	and	Diarrhea.	

Clin	 Gastroenterol	 Hepatol.	 Dec	 2017;15(12):1890-1899.e3.	

doi:10.1016/j.cgh.2017.06.044	

143.	 Niland	B,	Cash	BD.	Health	Benefits	and	Adverse	Effects	of	a	Gluten-Free	Diet	 in	

Non-Celiac	Disease	Patients.	Gastroenterol	Hepatol	(N	Y).	Feb	2018;14(2):82-91.		

144.	 Halpert	A,	Dalton	CB,	Palsson	O,	et	al.	What	patients	know	about	irritable	bowel	

syndrome	 (IBS)	 and	 what	 they	 would	 like	 to	 know.	 National	 Survey	 on	 Patient	

Educational	 Needs	 in	 IBS	 and	 development	 and	 validation	 of	 the	 Patient	 Educational	

Needs	 Questionnaire	 (PEQ).	 Am	 J	 Gastroenterol.	 Sep	 2007;102(9):1972-82.	

doi:10.1111/j.1572-0241.2007.01254.x	

145.	 Aziz	 I.	 The	 Global	 Phenomenon	 of	 Self-Reported	 Wheat	 Sensitivity.	 Am	 J	

Gastroenterol.	Jul	2018;113(7):945-948.	doi:10.1038/s41395-018-0103-y	

146.	 Wilson	B,	Cox	SR,	Whelan	K.	Challenges	of	 the	 low	FODMAP	diet	 for	managing	

irritable	bowel	syndrome	and	approaches	to	their	minimisation	and	mitigation.	Proc	Nutr	

Soc.	02	2021;80(1):19-28.	doi:10.1017/S0029665120006990	

147.	 Tuck	 CJ,	 Vanner	 SJ.	 Dietary	 therapies	 for	 functional	 bowel	 symptoms:	 Recent	

advances,	 challenges,	 and	 future	 directions.	 Neurogastroenterol	 Motil.	 Jan	

2018;30(1)doi:10.1111/nmo.13238	



198 
 

148.	 Zigmond	AS,	Snaith	RP.	The	hospital	anxiety	and	depression	scale.	Acta	Psychiatr	

Scand.	Jun	1983;67(6):361-70.	doi:10.1111/j.1600-0447.1983.tb09716.x	

149.	 Spiller	 RC,	 Humes	 DJ,	 Campbell	 E,	 et	 al.	 The	 Patient	 Health	 Questionnaire	 12	

Somatic	Symptom	scale	as	a	predictor	of	symptom	severity	and	consulting	behaviour	in	

patients	with	 irritable	bowel	syndrome	and	symptomatic	diverticular	disease.	Aliment	

Pharmacol	Ther.	Sep	2010;32(6):811-20.	doi:10.1111/j.1365-2036.2010.04402.x	

150.	 Patrick	DL,	Drossman	DA,	 Frederick	 IO,	DiCesare	 J,	 Puder	KL.	Quality	of	 life	 in	

persons	with	irritable	bowel	syndrome:	development	and	validation	of	a	new	measure.	

Dig	Dis	Sci.	Feb	1998;43(2):400-11.		

151.	 Grunert	KG,	Dean	M,	Raats	MM,	Nielsen	NA,	Lumbers	M,	Team	FiLL.	A	measure	of	

satisfaction	 with	 food-related	 life.	 Appetite.	 Sep	 2007;49(2):486-93.	

doi:10.1016/j.appet.2007.03.010	

152.	 Casén	C,	Vebø	HC,	Sekelja	M,	et	al.	Deviations	in	human	gut	microbiota:	a	novel	

diagnostic	test	for	determining	dysbiosis	in	patients	with	IBS	or	IBD.	Aliment	Pharmacol	

Ther.	Jul	2015;42(1):71-83.	doi:10.1111/apt.13236	

153.	 Williams	 EA,	 Stimpson	 J,	 Wang	 D,	 et	 al.	 Clinical	 trial:	 a	 multistrain	 probiotic	

preparation	 significantly	 reduces	 symptoms	 of	 irritable	 bowel	 syndrome	 in	 a	 double-

blind	 placebo-controlled	 study.	 Aliment	 Pharmacol	 Ther.	 Jan	 2009;29(1):97-103.	

doi:10.1111/j.1365-2036.2008.03848.x	

154.	 Ford	 AC,	 Moayyedi	 P,	 Chey	 WD,	 et	 al.	 American	 College	 of	 Gastroenterology	

Monograph	 on	 Management	 of	 Irritable	 Bowel	 Syndrome.	 Am	 J	 Gastroenterol.	 06	

2018;113(Suppl	2):1-18.	doi:10.1038/s41395-018-0084-x	

155.	 Moayyedi	 P,	 Andrews	 CN,	 MacQueen	 G,	 et	 al.	 Canadian	 Association	 of	

Gastroenterology	 Clinical	 Practice	 Guideline	 for	 the	 Management	 of	 Irritable	 Bowel	



199 
 

Syndrome	 (IBS).	 J	 Can	 Assoc	 Gastroenterol.	 Apr	 2019;2(1):6-29.	

doi:10.1093/jcag/gwy071	

156.	 Lacy	BE,	Pimentel	M,	Brenner	DM,	et	al.	ACG	Clinical	Guideline:	Management	of	

Irritable	 Bowel	 Syndrome.	 Am	 J	 Gastroenterol.	 01	 2021;116(1):17-44.	

doi:10.14309/ajg.0000000000001036	

157.	 Rej	A,	Buckle	RL,	Shaw	CC,	Trott	N,	Aziz	I,	Surendran	Sanders	D.	Letter:	the	gluten-

free	diet	as	a	bottom-up	approach	for	irritable	bowel	syndrome.	Aliment	Pharmacol	Ther.	

01	2020;51(1):184-185.	doi:10.1111/apt.15517	

158.	 Rej	A,	Shaw	CC,	Buckle	RL,	et	al.	The	low	FODMAP	diet	for	IBS;	A	multicentre	UK	

study	 assessing	 long	 term	 follow	 up.	 Dig	 Liver	 Dis.	 May	

2021;doi:10.1016/j.dld.2021.05.004	

159.	 Rej	A,	Sanders	DS.	Gluten-Free	Diet	and	Its	'Cousins'	in	Irritable	Bowel	Syndrome.	

Nutrients.	Nov	2018;10(11)doi:10.3390/nu10111727	

160.	 Rej	A,	Trott	N,	Aziz	I,	Sanders	DS.	A	Gluten-Free	Diet:	The	Express	Route	to	Fructan	

Reduction.	 Am	 J	 Gastroenterol.	 09	 2019;114(9):1553.	

doi:10.14309/ajg.0000000000000349	

161.	 Staudacher	HM,	Scholz	M,	Lomer	MC,	et	al.	Gut	microbiota	associations	with	diet	

in	irritable	bowel	syndrome	and	the	effect	of	low	FODMAP	diet	and	probiotics.	Clin	Nutr.	

Apr	2021;40(4):1861-1870.	doi:10.1016/j.clnu.2020.10.013	

162.	 Hickson	M,	Child	J,	Collinson	A.	Future	Dietitian	2025:	informing	the	development	

of	 a	 workforce	 strategy	 for	 dietetics.	 J	 Hum	 Nutr	 Diet.	 02	 2018;31(1):23-32.	

doi:10.1111/jhn.12509	

163.	 Nelson	M,	Mendoza	N,	McGough	N.	A	survey	of	provision	of	dietetic	services	for	

coeliac	disease	in	the	UK.	J	Hum	Nutr	Diet.	Oct	2007;20(5):403-11.	doi:10.1111/j.1365-

277X.2007.00813.x	



200 
 

164.	 Lebwohl	 B,	 Sanders	 DS,	 Green	 PHR.	 Coeliac	 disease.	 Lancet.	 01	

2018;391(10115):70-81.	doi:10.1016/S0140-6736(17)31796-8	

165.	 Forbes	 A,	 Escher	 J,	 Hébuterne	 X,	 et	 al.	 ESPEN	 guideline:	 Clinical	 nutrition	 in	

inflammatory	 bowel	 disease.	 Clin	 Nutr.	 04	 2017;36(2):321-347.	

doi:10.1016/j.clnu.2016.12.027	

166.	 Bardella	MT,	Molteni	N,	Prampolini	L,	et	al.	Need	for	follow	up	in	coeliac	disease.	

Arch	Dis	Child.	Mar	1994;70(3):211-3.	doi:10.1136/adc.70.3.211	

167.	 Fisher	EB,	Boothroyd	RI,	Coufal	MM,	et	al.	Peer	support	for	self-management	of	

diabetes	 improved	 outcomes	 in	 international	 settings.	 Health	 Aff	 (Millwood).	 Jan	

2012;31(1):130-9.	doi:10.1377/hlthaff.2011.0914	

168.	 Krishnamoorthy	Y,	Sakthivel	M,	Sarveswaran	G,	Eliyas	SK.	Effectiveness	of	peer	

led	 intervention	 in	 improvement	 of	 clinical	 outcomes	 among	 diabetes	 mellitus	 and	

hypertension	patients-A	systematic	review	and	meta-analysis.	Prim	Care	Diabetes.	Dec	

2018;doi:10.1016/j.pcd.2018.11.007	

169.	 Steinsbekk	A,	Rygg	L,	Lisulo	M,	Rise	MB,	Fretheim	A.	Group	based	diabetes	self-

management	education	compared	to	routine	treatment	for	people	with	type	2	diabetes	

mellitus.	A	systematic	review	with	meta-analysis.	BMC	Health	Serv	Res.	Jul	2012;12:213.	

doi:10.1186/1472-6963-12-213	

170.	 Rej	A,	Trott	N,	Kurien	M,	 et	 al.	 Is	Peer	Support	 in	Group	Clinics	as	Effective	as	

Traditional	Individual	Appointments?	The	First	Study	in	Patients	With	Celiac	Disease.	Clin	

Transl	Gastroenterol.	Jan	2020;11(1):e00121.	doi:10.14309/ctg.0000000000000121	

171.	 Shewry	PR,	Hey	 SJ.	 The	 contribution	of	wheat	 to	 human	diet	 and	 health.	Food	

Energy	Secur.	Oct	2015;4(3):178-202.	doi:10.1002/fes3.64	

172.	 Farzaei	 MH,	 Bahramsoltani	 R,	 Abdollahi	 M,	 Rahimi	 R.	 The	 Role	 of	 Visceral	

Hypersensitivity	 in	 Irritable	 Bowel	 Syndrome:	 Pharmacological	 Targets	 and	 Novel	



201 
 

Treatments.	 J	 Neurogastroenterol	 Motil.	 Oct	 30	 2016;22(4):558-574.	

doi:10.5056/jnm16001	

173.	 Rej	A,	Sanders	DS.	The	overlap	of	irritable	bowel	syndrome	and	noncoeliac	gluten	

sensitivity.	 Curr	 Opin	 Gastroenterol.	 May	 2019;35(3):199-205.	

doi:10.1097/mog.0000000000000517	

174.	 Kalra	 S,	 Kapoor	 N,	 Jacob	 J.	 Orthorexia	 nervosa.	 J	 Pak	 Med	 Assoc.	 Jul	

2020;70(7):1282-1284.		

175.	 Mari	 A,	 Hosadurg	 D,	 Martin	 L,	 Zarate-Lopez	 N,	 Passananti	 V,	 Emmanuel	 A.	

Adherence	with	a	low-FODMAP	diet	in	irritable	bowel	syndrome:	are	eating	disorders	the	

missing	 link?	 Eur	 J	 Gastroenterol	 Hepatol.	 02	 2019;31(2):178-182.	

doi:10.1097/MEG.0000000000001317	

176.	 Ford	AC,	Moayyedi	P.	Meta-analysis:	factors	affecting	placebo	response	rate	in	the	

irritable	 bowel	 syndrome.	 Aliment	 Pharmacol	 Ther.	 Jul	 2010;32(2):144-58.	

doi:10.1111/j.1365-2036.2010.04328.x	

177.	 Lembo	 AJ.	 Understanding	 the	 Placebo	 and	 Nocebo	 Effects	 in	 Patients	 With	

Irritable	Bowel	Syndrome.	Gastroenterol	Hepatol	(N	Y).	Jul	2020;16(7):374-376.		

178.	 Shah	 E,	 Pimentel	 M.	 Placebo	 effect	 in	 clinical	 trial	 design	 for	 irritable	 bowel	

syndrome.	 J	 Neurogastroenterol	 Motil.	 Apr	 2014;20(2):163-70.	

doi:10.5056/jnm.2014.20.2.163	

179.	 Olafsdottir	 LB,	 Gudjonsson	 H,	 Jonsdottir	 HH,	 Thjodleifsson	 B.	 Stability	 of	 the	

irritable	bowel	syndrome	and	subgroups	as	measured	by	three	diagnostic	criteria	-	a	10-

year	 follow-up	 study.	 Aliment	 Pharmacol	 Ther.	 Sep	 2010;32(5):670-80.	

doi:10.1111/j.1365-2036.2010.04388.x	



202 
 

180.	 Rej	A,	Buckle	RL,	Shaw	CC,	Trott	N,	Aziz	I,	Sanders	DS.	Is	CBT	the	dominant	non-

drug	 IBS	 treatment?	 The	 rise	 of	 dietary	 therapies.	 Gut.	 Feb	 2021;70(2):432-433.	

doi:10.1136/gutjnl-2020-321658	

181.	 Black	CJ,	Yuan	Y,	Selinger	CP,	et	al.	Efficacy	of	soluble	fibre,	antispasmodic	drugs,	

and	gut-brain	neuromodulators	 in	 irritable	bowel	 syndrome:	a	 systematic	review	and	

network	 meta-analysis.	 Lancet	 Gastroenterol	 Hepatol.	 02	 2020;5(2):117-131.	

doi:10.1016/S2468-1253(19)30324-3	

182.	 Williams	M,	Barclay	Y,	Harper	L,	Marchant	C,	Seamark	L,	Hickson	M.	Feasibility,	

acceptability	and	cost	efficiency	of	using	webinars	to	deliver	first-line	patient	education	

for	 people	 with	 Irritable	 Bowel	 Syndrome	 as	 part	 of	 a	 dietetic-led	 gastroenterology	

service	in	primary	care.	J	Hum	Nutr	Diet.	12	2020;33(6):758-766.	doi:10.1111/jhn.12799	

	


