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Abstract
Background: Gas- related symptoms (GRS) are common in the general population 
(GPop) and among patients with disorders of gut- brain interactions but there is no 
patient- reported outcome evaluating these symptoms and their impact on daily life. 
We	have	previously	developed	a	43-	item	intestinal	gas	questionnaire	(IGQ).	The	aim	
of the present study is to perform a psychometric validation of this instrument.
Methods: Participants	 (119	 from	the	GPop	and	186	 irritable	bowel	 syndrome	 (IBS)	
patients)	were	 recruited	 from	3	countries	 (UK,	Spain,	France).	 IBS	patients	 fulfilled	
ROME	IV	criteria	with	an	IBS	severity	score	between	150	and	300.	Participants	com-
pleted	the	IGQ,	the	functional	Digestive	Disorders	Quality	of	Life	(FDDQL),	and	the	
EQ-	5D.	A	subgroup	(n =	90)	repeated	the	IGQ	completion	after	7	days	on	paper	or	
electronically.
Results: From	the	original	IGQ	questionnaire,	26	items	were	deleted	because	of	poor	
performance. Confirmatory factorial analysis on the remaining 17 items (7 symptom 
and 10 impact items) yielded a 6- factor structure accounting for 67% of the variance 
for bloating (6 items), flatulence (3), belching (2), bad breath (2), stomach rumbling (2), 
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1  |  INTRODUC TION

Gas- related symptoms (GRS) such as bloating, borborygmi/stomach 
rumbling, or flatulence are common complaints in irritable bowel 
syndrome	 (IBS)1– 3 and in general population (GPop).4,5 They affect 
daily life,1,4– 6 and each of us has experienced how flatulence or bad 
breath can affect social interactions.7,8 GRS fluctuate from day- 
to- day influenced by triggers such as food and beverages.9,10 The 
passage of gas from the anus up to 20 times a day is considered 
normal11 as is occasional belching after meals.12 Indeed, each sub-
ject	has	a	unique	perception	of	what	he	or	she	considers	normal	or	
abnormal. The Rome Foundation (https://thero mefou ndati on.org/) 
has	defined	a	series	of	diagnostic	criteria	for	what	are	known	as	the	
functional gastrointestinal (GI) disorders, more recently named as 
disorders of brain- gut interaction13 but unfortunately, there are no 
internationally agreed criteria for what constitutes a normal or ab-
normal amount of GRS, and no validated, objective ways of captur-
ing the extent of the problem.14– 16

Previous studies showed that a 4- item digestive symptom fre-
quency	questionnaire	(DSFQ)	assessing	3	GRS	(bloating,	flatulence,	
and rumbling stomach) was sensitive to detect significant changes in 
response to a probiotic in 2 randomized studies in GPop reporting 
mild GI discomfort.17,18	However,	the	DSFQ	is	too	short	to	capture	
the full experience of subjects with regard to GRS, especially as one, 
out of the 4 items, refers to abdominal pain, which is outside the 
scope	of	the	conceptual	framework	we	aimed	to	create.

Our	research	program	aimed	to	develop	an	intestinal	gas	ques-
tionnaire	(IGQ)	which	could	assess	GRS	and	their	impact	in	a	consis-
tent manner to be used in for the purpose of clinical trials as well as 
in clinical practice.

In	 an	 initial	 study,	 IBS	 patients	 and	 subjects	 from	GPop	 com-
plaining of GRS were interviewed simultaneously in 3 countries 
(UK,	 France,	 and	 Spain)	 and	 a	 conceptual	 framework	 for	 the	 pilot	
version	of	IGQ,	measuring	both	GRS	and	their	impact	on	daily	life,	
was	created.	Similar	concepts	were	identified	for	both	IBS	patients	
and	GPop	subjects.	This	43-	item	pilot	 IGQ	consisted	of	a	24-	hour	
recall symptom diary assessing 7 GRS using 17 items and a 7- day 
recall	 questionnaire	 assessing	 the	 impact	 of	 those	 symptoms	 on	
daily life, using 26 items. The 7 GRS were as follows: abdominal 

distension, abdominal pressure/feeling bloated, flatulence, belching, 
bad breath, stomach rumbling, and difficult gas evacuation.19

The	aim	of	the	current	work	was	to	perform	a	psychometric	val-
idation	and	to	develop	a	shorter	IGQ	version	with	the	selection	of	
final items and factor structure. This aim was carried out in samples 
of	GPop	and	IBS	patients	in	UK,	France,	and	Spain.

2  |  METHODS

2.1  |  Participants

Subjects	from	GPop	and	IBS	patients	according	to	Rome	IV,13 com-
plaining	 of	 GRS	 were	 included	 in	 the	 study.	 Two	 questionnaires	
were used for the selection of participants. First, a simple symptom 
screening	 tool	 (SST),	 which	 assessed	 the	 frequency	 of	 four	 GRS	
(bloating, flatulence, belching, and stomach rumbling) in the past 
month (from 0 = never to 5 = every day), with a global score ranging 
from 0 to 20.19	Second,	the	IBS-	SSS	questionnaire20 which measured 
intensity	and	frequency	of	abdominal	pain,	bloating/distension,	dis-
satisfaction with bowel habit, and interference on daily life (score 
range:	0-	500).	 IBS	patients	had	to	have	a	score	of	4	or	greater	for	
at	least	one	symptom	on	the	SST;	and	an	IBS-	SSS	between	75	and	
300	indicating	mild	to	moderate	IBS	severity.	GPop	subjects	did	not	
fulfill	 IBS	Rome	 IV	criteria,	had	a	score	of	4	or	greater	 for	at	 least	
one	symptom	on	the	SST	and	had	a	regular	stool	frequency	(ie,	3-	21	
bowel	movements	per	week).

Exclusion criteria for all participants were as follows: (1) Recent 
(last	 2	 weeks)	 change	 in	 diet	 or	 intake	 of	 potentially	 flatulogenic	
compounds (fiber, lactulose); (2) Organic gastrointestinal disease; (3) 
Other functional gastrointestinal disorder defined by Rome IV crite-
ria,	especially	functional	dyspepsia;	(4)	Any	severe	and	progressive	
disease (eg, depression, cancer, uncontrolled diabetes, and rheuma-
toid	arthritis);	(5)	Any	severe	psychiatric	disorder	(eg,	acute	episode	
of	schizophrenia	or	bipolar	disorder).	An	additional	exclusion	crite-
rion for GPop subjects was any treatment for diarrhea or constipa-
tion.	All	participants	were	required	to	have	cognitive	and	linguistic	
ability	to	complete	several	self-	administration	questionnaires,	and	a	
BMI	>	18.5	and	<30.0	kg/m2.

and	difficult	gas	evacuation	(2).	Global	score	(0-	100)	was	worse	among	IBS	vs	GPop	
(40 ± 15 vs 33 ± 17; p =	0.0016).	At	the	second	visit,	the	intraclass	correlation	coef-
ficient	of	IGQ	scores	was	between	0.71	and	0.86	(n = 67) for test- retest reliability and 
0.61- 0.87 (n =	64)	for	equivalence	between	electronic	and	paper	versions	of	IGQ.
Conclusion: The	 IGQ	available	 in	paper	and	electronic	versions	 in	3	 languages	 is	 a	
robust instrument for capturing and measuring GRS and their impact on daily life.

K E Y W O R D S
gas-	related	symptoms,	general	population,	IBS,	patient-	reported	outcomes,	psychometrics,	
quality	of	life

https://theromefoundation.org/
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Patients were offered to participate in the study by their 
attending	 physicians	 in	 3	 centers	 (Wythenshawe	 Hospital,	
Neurogastroenterology	 Unit,	 School	 of	 Medical	 Sciences,	 Faculty	
of	 Biology,	 Medicine	 and	 Health,	 University	 of	 Manchester,	
Manchester,	 UK;	 University	 Hospital	 Vall	 d’Hebron,	 Digestive	
System	 Research	 Unit,	 Barcelona,	 Spain;	 AP-	HP,	 Louis-	Mourier	
Hospital, Gastroenterology Department, France). Participants from 
the GPop were recruited by public advertisement in the medical cen-
ters and by proxy.

2.2  |  Study design and procedure

This study had a cross- sectional part for all participants and a longi-
tudinal	test-	retest	component	for	a	subset	of	them	(30%).	All	partici-
pants	completed	paper	version	questionnaires:	IGQ,	specific	quality	
of	life	FDDQL,	and	generic	health	status	EQ-	5D.	Participants	in	the	
test-	retest	component	completed	at	 first	visit	 the	 IGQ	 in	paper	or	
electronic	version	and	paper	version	of	the	FDDQL	and	the	EQ-	5D.	
At	the	second	visit	(one	week	later	±	2	days),	investigators	checked	if	
participants had any new medication since last visit, and participants 
completed	 IGQ	 in	 electronic	 or	 paper,	 the	 IBS-	SSS	 questionnaire	
(for	IBS	patients)	and	global	Gastrointestinal	(GI)	Well-	Being	scale	in	
paper.	The	order	of	administration	of	IGQ	in	paper	and	electronic	at	
both visits was randomized.

2.3  |  Measures

Six	questionnaires	were	used	for	the	study	as	follows:	pilot	IGQ,	
IBS-	SSS,	 SST,	 FDDQL,	 EQ-	5D,	 and	 global	 gastrointestinal	 well-	
being	scale.	 IBS-	SSS	and	SST	were	used	as	 inclusion	criteria	and	
for	known-	group	validity	of	 IGQ.	FDDQL	and	EQ-	5D	were	used	
for	 convergent/divergent	 validity.	 Global	 GI	 Well-	Being	 scale	
classified participants as unchanged, worse or improved to as-
sess test- retest and paper- electronic reliability among unchanged 
participants.

2.3.1  |  IGQ

IGQ	results	from	a	previous	qualitative	research	analysis.19 The 43- 
item	pilot	IGQ	consists	of	a	24-	hour	recall	symptom	diary	assessing	
7	GRS	 (17	 items)	 and	 a	 7-	day	 recall	 questionnaire	which	 assesses	
the impact of those symptoms on 12 domains (26 items). The 7 GRS 
are as follows: abdominal distension, abdominal pressure/feeling 
bloated, flatulence, belching, bad breath, stomach rumbling, and dif-
ficult gas evacuation. The 12 impact domains are as follows: cloth-
ing,	emotional,	diet,	cognitive	function,	physical	appearance,	work,	
sexual life, physical activity, social life, sleep, activities of daily living, 
and partner relationship.19	Answer	options	are	0-	10	numerical	and	
Likert	scales.

2.3.2  |  IBS-	SSS

IBS-	Severity	 Scoring	 System	 (IBS-	SSS)	 consists	 of	 4	 VAS	 measur-
ing	abdominal	pain	intensity	and	frequency	during	the	last	10	days,	
bloating, dissatisfaction with bowel habit, and interference with life. 
The maximum score is 500,20	it	is	used	to	classify	IBS	symptoms	as	
mild	(<75),	moderate	(75-	299),	and	severe	≥	300.

2.3.3  |  SST

The	Symptom	Screening	Tool	(SST)	assesses	the	frequency	of	4	GRS	
(bloating, flatulence, belching, and stomach rumbling) in the past 
month (from 0 = never to 5 = every day), with a global score ranging 
from 0 to 20 (worse symptoms) (19, adapted from 17 to 31).

2.3.4  |  FDDQL

The	 Functional	 Digestive	 Disorders	 Quality	 of	 Life	 questionnaire	
(FDDQL)	assesses	specifically	the	quality	of	life	questionnaire	vali-
dated	for	IBS	and	Functional	Dyspepsia	with	43	items	with	a	2-	week	
recall period and 8 domains. The 8 domains are as follows: daily ac-
tivities, anxiety, diet, sleep, discomfort, health perception, control of 
disease, and impact of stress. Domains and global scores range from 
0	to	100	(best	quality	of	life).6

2.3.5  |  EQ-	5D

The	 EuroQol	 EQ-	5D-	5L	 generic	 health	 index,	 comprises	 5	 items	
assessing mobility, self- care, usual activities, pain/discomfort, and 
anxiety/depression on 5- point scale and a 100- point visual analog 
scale (100 being best health status).21	EQ-	5D	index	value	from	0	to	
1	(best	health	status)	has	been	calculated	using	UK	reference	norms.

2.3.6  |  Global	GI	Well-	Being	scale

The	global	GI	Well-	Being	scale	 is	a	single	 item	assessing	the	over-
all	change	of	GRS	on	a	3-	point	Likert	scale	 (improved,	unchanged,	
worse) (adapted from 21).

2.4  |  Statistical methods

2.4.1  |  Factor	structure

Exploratory	Factor	Analysis	(EFA)	was	used	to	assess	the	dimen-
sionality	 of	 IGQ.	 The	 factorability	 of	 the	 sample	 intercorrela-
tion	 matrix	 was	 assessed	 using	 Bartlett’s	 test	 of	 sphericity	 and	
the	Kaiser-	Meyer-	Olkin	 criteria.	 Factors	 extraction	 relied	on	 the	
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principal component- based method with varimax rotation to help 
factor interpretation. The number of factors was based on a com-
promise	 between	Kaiser’s	 rule	 (eigenvalue	 above	 1)	 and	 parallel	
analysis (analysis of scree plots of randomized data matrices). 
Items loading higher than 0.4 on a given factor were considered 
as reliable indicator of that latent trait, unless cross- loadings oc-
curred in which case a decision based on item content has been 
made	 on	 whether	 an	 item	 should	 be	 kept	 or	 not.	 For	 factorial	
analyses, the 12 items with 0- 10 option scale were recorded to 
a 5- point scale to be consistent with other items and answers “I 
did not have…,” “my tummy did not…,” and “not applicable” were 
recoded as “not at all.”

2.4.2  |  Item	reduction

Distribution of item responses in each category, mean ± SD, cu-
mulated proportions for the 2 extreme response categories, inter- 
item correlations and item- scale correlation were used to identify 
items with (1) floor or ceiling effect above 60%, (2) high response 
variance,	(3)	high	inter-	item	correlation	≥0.75,	(4)	low	factor	load-
ing and/or cross- loading, and (5) issue in item- scale correlation (low 
correlation	with	its	own	scale	<0.4	or	correlation	>0.4	with	another	
scale). Thresholds were lowered for deletion if an item cumulated 
issues	on	several	properties.	The	item	reduction	process	took	ac-
count also relevance of items to the dimensions they purported to 
capture. If a pair of highly similar items satisfied retention crite-
ria, the item deemed to be less conceptually relevant was deleted. 
A	confirmatory	 factor	 analysis	was	 performed	on	 the	 final	 items	
retained.22

2.4.3  |  Scale	consistency

Internal consistency was calculated on item scores of each dimen-
sion using Cronbach’s alpha (with 95% bootstrap CI),23 in conjunc-
tion with multi- trait scaling analysis from which scale- specific scaling 
success (coherence of inter- item correlation within and between 
scales) is derived.24	Basically,	for	each	item	its	Pearson’s	correlation	
with all other items was computed: for every pair of items belong-
ing to the same scale, a correlation higher than 0.30 was expected 
while correlation between items from different scales should be 
lower	than	0.30.	Correlation	coefficients	were	tested	at	a	5%	FWER	
(family-	wise	error	rate)-	corrected	level,	using	Bonferroni’s	method.

2.4.4  |  Reliability	of	the	measurement	instrument

For	each	scale,	the	standard	error	of	measurement	(SEM)	has	been	
determined based on Cronbach’s alpha and standard deviation (SD), 
following	the	relation	SEM	=	SD	×	√(1-	R),	where	R	is	the	reliability	
defined as the value of Cronbach’s alpha.25

2.4.5  |  Recoding	of	items	and	scoring

For construction of scores, Item scores were recoded to 0- 100 
(worse symptom/impact). Dimension scores were computed by the 
mean of sum of item scores, and a global score as the mean of sum 
of dimension scores.

2.4.6  |  Convergent/divergent	validity

Convergent/divergent	 validity	 was	 assessed	 using	 FDDQL,	 as	 a	
specific	 measure	 of	 health-	related	 quality	 of	 life	 related	 to	 func-
tional	 digestive	 disorders,	 and	 EQ-	5D	 questionnaire,	 as	 a	 generic	
measure	of	health	status.	Linear	correlations	between	scale	scores	
were computed to evaluate the degree to which domains of those 
questionnaires	matched	or	not	 those	 in	 the	newly	developed	 IGQ	
questionnaire.	 It	was	expected	that	correlation	will	be	higher	with	
FDDQL	and	especially	it	Discomfort	dimension,	than	with	EQ-	5D.

2.4.7  |  Discriminant	validity

Different	proxies	were	used	to	check	the	capacity	of	IGQ	scores	to	
discriminate	sub-	groups	according	to	(1)	gender,	(2)	IBS	patients	vs.	
general	population,	(3)	IBS	subtypes,	(4)	severity	of	IBS	based	on	IBS-	
SSS,	and	(5)	Frequency	of	GRS	based	on	SST.	Standard	parametric	
tests and Pearson’s correlation were used, with a 5% alpha level.

2.4.8  |  Test-	retest	reliability	and	validation	of	IGQ	
electronic version

A	subset	of	90	participants	was	used	to	validate	the	IGQ	electronic	
form and to assess the temporal stability of scores at an interval of 
one	week.	Participants	during	the	2nd	 IGQ	completion	were	classi-
fied as unchanged, improved, or worse, according to the global GI 
Well-	Being	rating	of	change	scale.	Test-	retest	reliability	and	equiva-
lence of the electronic vs paper version were assessed among un-
changed participants using intraclass correlation coefficient (ICC) 
and	Wilcoxon	 signed-	rank	 test	 for	 paired	 samples	 for	 comparison	
of scores. The ICC ranges from 0 to 1 with a recommended minimal 
level of 0.70 for group comparison.26 The remaining participants (ie, 
improved or worse) were used as a preliminary study of the respon-
siveness	of	IGQ.

2.5  |  Sample size and randomization scheme

It	was	estimated	 that	a	 total	of	300	participants	were	 required	as	
factorial analysis was used to uncover the factor structure of a newly 
developed	questionnaire	 in	 three	countries	with	 (1)	a	 ratio	0.6:0.4	
of	 participants	with	 IBS	diagnosis	 and	general	 population;	 (2)	 100	
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participants by country to ensure reliable item statistics; and (3) in-
cluding a test- retest study with validation of the electronic version. 
This corresponds to a subjects- to- variables ratio (STV) above 10 and 
it offers the best compromise in terms of economic cost (subject re-
cruitment,	 questionnaire	 administration,	 debriefing)	 and	 statistical	
efficiency.27

A	subset	of	90	was	required	to	complete	two	IGQ	within	a	mean	
7- day interval for test- retest and validation of electronic vs. paper 
version.	The	order	of	IGQ	administration	in	paper	vs.	electronic	was	
randomized.	A	block	size	of	6	randomization	list,	stratified	by	center,	
was	generated	to	allocate	participants	to	one	of	the	two	sequence	
order	 (A	 =	 electronic	 first	 or	 B	 =	 paper	 first).	 Ninety	 participants	
allowed for at least 36 participants to report being unchanged on 
the	global	GI	Well-	Being	scale.	Considering	a	theoretical	reliability	
of 0.8, a sample size of 36 individuals allowed to verify if the ICC is 
greater than 0.7 with 95% confidence.28,29

All	analyses	were	done	using	the	open-	source	R	3.6.3	statistical	
software.30

2.6  |  Regulatory and ethical 
requirements of the study

The	 IGQ	 validation	 study,	 adding	 only	 patient-	reported	 question-
naires	(PRO)	and	clinician-	reported	questionnaires,	was	classified	as	
an	observational	study.	Approval	from	Ethics	Committees	has	been	
obtained	in	the	3	countries:	North	West—	Greater	Manchester	West,	
n°17/NW/0004;	Comité	Etico	de	 investigación	 clínica	 del	 hospital	
universitari	Vall	d’Hebron,	Barcelona,	n°PR(AG)340/2016;	CPP	IdF	
IV,	Paris,	n°2016/42NI.	According	to	each	national	law	for	this	type	
of	study,	a	written	consent	was	required	for	Spain	and	UK	and	a	“no	
opposition” for France. The study has been registered on clinicaltri-
als.gov (NCT03002584).

3  |  RESULTS

3.1  |  Participant demographics

A	total	of	305	participants	(186	IBS	patients	and	119	GPop	subjects)	
were	recruited	by	the	3	countries	from	February	2017	to	April	2018	
(Table	1).	Mean	age	was	42	±	14	years,	and	69%	were	women.	There	
was	no	difference	between	IBS	and	GPop	except	for	sex	ratio,	with	
more	women	among	 IBS	group	 (87%	 IBS-	C,	61%	 IBS-	D,	77%	 IBS-	
M)	(Table	1).	Fifty-	six	percent	had	a	university	education,	70%	were	
working	full	or	part	time,	and	48%	were	living	as	a	family.

3.2  |  Description of IBS and GRS characteristics

Mean	duration	of	 IBS	was	9.3	±	8.6	years	with	a	mean	 IBS-	SSS	of	
252	±	41.	Mean	presence	of	GRS	was	8.4	±	8.3	years.	The	FDDQL	

global	score	was	lower	(worse)	among	IBS	patients	(45.4	±	13.0)	com-
pared to the GPop group (59.3 ± 18.7), and the mean SST score was 
higher	(worse)	among	IBS	(14.9	±	3.2)	compared	to	GPop	(13.8	±	3.5)	
(Table 1).

The	mean	SST	score	was	higher	among	IBS	compared	to	GPop	
for 3 symptoms: bloating (4.2 ± 1.0 vs 3.6 ± 1.5), excessive flat-
ulence (4.3 ± 0.8 vs 4.1 ± 1.1), and rumbling stomach (3.7 ± 1.3 
vs 3.0 ± 1.9). GPop had a higher score for belching (3.0 ± 1.9 vs 
2.6 ± 1.9). On the total sample, belching had the lowest mean 
score	 (ie,	 less	frequent)	compared	to	the	3	other	SST	symptoms.	
A	similar	proportion	of	GPop	subjects	and	 IBS	patients	reported	
having at least one episode of excessive flatulence during the 
last month, that is, over 98%. Fewer GPop subjects reported at 
least one episode of bloating (93.3% vs 98.4%), and of rumbling 
stomach	(85.7%	vs	94.1%).	A	higher	proportion	of	GPop	subjects	
reported at least one episode of belching during the last month 
(81.5% vs 76.3%).

Based	on	the	initial	pool	of	IGQ	symptom	items,	the	proportion	
of GPop subjects not reporting bloating, abdominal distension, or 
stomach	 rumbling	 over	 the	 last	 24	 h	was	 higher	 compared	 to	 IBS	
patients, the largest difference being for difficult gas evacuation 
(50.9%	GPop	vs	19.9%).	A	similar	proportion	of	GPop	subjects	and	
IBS	patients	 reported	no	bad	breath	or	belching	episode	over	 the	
last 24 h.

There	were	only	6	IBS	patients	(3.2%)	with	a	possible	history	of	
post-	infectious	 IBS.	 IBS	 patients	were	 regular	 consulters	 for	 their	
IBS	 symptoms	 by	more	 than	 52%.	 In	 contrast,	more	 than	 71%	 of	
GPop subjects were not regular consulters for their GRS symptoms.

3.2.1  |  Treatment

IBS	patients	were	 taking	prescribed	or	OTC	gastrointestinal	 treat-
ments	(more	than	2	weeks	before	inclusion)	more	often	than	GPop	
subjects: antispasmodic (18.3% vs 3.4%), antidiarrheal (5.4% vs 
0%), laxative (15.1% vs 0%), bloating remedies (3.2% vs 0%), anti- 
flatulents	(3.2%	vs	0.8%),	PPI	or	H2	blocker	(11.8%	vs	8.4%).	A	similar	
proportion	of	participants	was	taking	antacids:	2.2%	(IBS)	vs	2.5%	
(GPop).

3.2.2  |  Co-	morbidities

Forty- seven (39.5%) GPop subjects had 1 or more co- morbidities 
with	 a	 total	 of	 67	 co-	morbidities	 and	55	 (29.6%)	 IBS	 patients	 had	
a	 total	 of	72	 co-	morbidities.	Mood	disorder	 (16.5%),	 hypertension	
(15.8%), rheumatologic conditions (eg, osteoarthritis) (10.1%), lung 
disease (eg, asthma, COPD) (7.9%), and controlled diabetes (5.8%) 
were	the	most	frequent	reported	co-	morbidities	in	the	whole	group.	
While	 IBS	 patients	 reported	more	 frequent	mood	 disorder,	 GPop	
subjects	reported	more	frequent	hypertension	and	accounted	for	all	
diabetes cases.
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3.2.3  |  Single	completion/test-	retest

Among	the	305	participants,	215	completed	the	questionnaires	once	
(131	IBS,	84	GPop)	and	90	(55	IBS,	35	GPop)	agreed	to	participate	
in	test-	retest	one	week	apart	with	a	very	similar	distribution	(GPop,	
IBS,	and	IBS	subtypes)	across	the	3	countries	(29	UK,	30	FR,	31	SP).

3.3  |  Number of participants analyzed, missing 
data, recoding of items

The	rate	of	missing	data	on	the	IGQ	was	0.16%:	7	participants	among	
305	had	1	or	more	IGQ	missing	answers	(2	participants	had	7	and	8	
missing answers) at single or first completion, resulting in 21 missing 
answers.	Missing	data	concerned	14	items	of	the	IGQ	questionnaire,	
but no one exceeded 2 missing answers. Thus, 302 to 305 partici-
pants were analyzed depending of items included in the factorial 
analyses and in correlation computation.

3.4  |  Item analyses

The	first	 factor	analysis	 (FA)	 (n	=	304)	performed	on	43-	item	 IGQ	
pilot	questionnaire	yielded	a	clear	6-	factor	structure,	the	first	2	fac-
tors being, respectively, impact of bloating (Eigenvalue: 14.18) and 
bloating symptom (4.74), the 3rd gathering difficult gas evacuation 
and stomach rumbling (2.96), and the 3 last each capturing a sin-
gle symptom, that is, bad breath (2.76), flatulence (2.52), and belch-
ing	(2.10).	Other	findings	were	that	(1)	Abdominal	pressure/feeling	
bloated	and	subjective	abdominal	distension	(“looking	big”)	did	not	
project on different factors; (2) Items of a given symptom and items 
about its impact projected on the same factor.

The factor structure yielded few cross- loadings and factor load-
ing was always superior for the expected factor than for another. 

There was only one item (n°I18 flatulence impact: “did you avoid cer-
tain	food	or	drinks	to	avoid	getting	wind?”)	which	did	not	project	on	
its factor but on the “bloating impact” factor (factor loading = 0.42). 
Bloating	 items	tended	to	project	on	2	factors	among	 IBS	patients,	
but	globally	the	factor	structure	was	similar	among	GPop	and	IBS.	
Although	globally	the	structure	remained	robust	and	similar	across	
the 3 countries, the structure in the Spanish sample was slightly less 
clear.

3.5  |  Item reduction

Following	a	meeting	of	the	scientific	committee	 (OC,	MD,	NP,	BC,	
FA,	PW)	to	which	data	were	submitted,	23	items	(10	symptom	and	
14 impact items) were deleted for one or several reasons: high floor 
effect (n = 9), high inter- item correlation over 0.74 (n = 11), low fac-
tor loading and/or cross- loading (n = 3), issue in the item- scale cor-
relation (low correlation with its own scale or correlation over 0.4 
with another scale) (n = 3), issue in the content validity (relevance, 
importance or wording of the concept, or preference between 2 
items similar in concept) (n	=	15).	The	final	FA	(n = 305) on the 17 
remaining items (7 symptom and 10 impact items) yielded a clear 
6- factor structure explaining 67% of the variance with, respectively, 
bloating	(BL,	6	items),	flatulence	(FL,	3),	belching	(BE,	2),	bad	breath	
(BB,	2),	stomach	rumbling	(SR,	2),	and	difficult	gas	evacuation	(DGE,	
2) (Table 2).

3.6  |  Confirmatory factor analysis

A	confirmatory	FA	was	performed	on	302	participants	with	no	miss-
ing	data	 (whole	 sample,	GPop,	 IBS,	 and	3	 countries).	Comparative	
Fit	 Index	 (CFI)	 was	 over	 0.9	 and	 Root	 Mean	 Square	 Error	 of	
Approximation	 (SRMR)	 and	 Standardized	 Root	 Mean	 Residual	

TA B L E  2 Item	statistics	aggregated	by	dimension	for	the	reduced	IGQ	questionnaire

Total population 
(n = 305) Eigenvalue

Cumulative 
variance

Factor 
loading

Item correlation 
within scale

Item correlation 
between scales

Cronbach’s alpha 
(95% CI) SEM

Bloating	(6	items) 3.33 0.20 0.51- 0.87 0.31- 0.70 0.02- 0.35 0.85 (0.82 ; 0.88)

Flatulence (3) 1.86 0.31 0.58- 0.85 0.43- 0.63 0.02- 0.33 0.76 (0.71 ; 0.81)

Belching	(2) 1.65 0.40 0.71- 0.99 0.66 0.05- 0.26 0.80 (0.75 ; 0.84)

Bad	breath	(2) 1.61 0.50 0.76- 0.96 0.67 0.02- 0.27 0.81 (0.76 ; 0.86)

Stomach rumbling (2) 1.57 0.59 0.63- 0.96 0.63 0.08- 0.32 0.78 (0.72 ; 0.83)

Difficult gas 
evacuation (2)

1.30 0.67 0.67- 0.78 0.55 0.02- 0.35 0.71 (0.63 ; 0.79)

All	17	items 0.84 (0.81 ; 0.87) 6.44

All	items	(except	
bloating) (11)

0.77 (0.72 ; 0.81) 6.16

Note: Confidence	interval	for	Cronbach’s	alpha	computed	by	bootstrap.	SEM:	The	standard	error	of	measurement	(SEM)	has	been	determined	based	
on	Cronbach’s	alpha	and	standard	deviation	(S),	following	the	relation	SEM	=	S√(1-	R),	where	R	is	the	reliability	defined	as	the	value	of	Cronbach’s	
alpha.
Abbreviation:	IGQ,	Intestinal	Gas	Questionnaire.
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(RMSEA)	were	lower	than	0.08	for	most	models	indicating	good-	fit	
statistics (Table 3).

3.7  |  Inter- item correlation within and 
between scales

Inter- item Pearson’s correlation levels between the 17 remaining 
IGQ	items	ranged	from	0.02	to	0.70	(Table	2).	All	items	belonging	to	
their	respective	dimensions	were	correlated	over	0.30.	Among	the	
136	possible	pairs	between	the	17	IGQ	items,	6	pairs	of	 items	not	
belonging to the same dimension correlated over 0.30 (maximum: 
0.35). Thus, the scaling success was 96%.

3.8  |  Scale consistency

Cronbach’s	alpha	for	IGQ	dimensions	ranged	from	0.71	(2	items	on	
difficult gas evacuation) to 0.85 (6 items on bloating). Cronbach’s 
alpha	on	all	17	items	was	0.84.	Logically	Cronbach’s	alpha	of	dimen-
sions with few items (ie, 2 or 3) is slightly lower, but still over 0.7 
(Table 2).

3.9  |  Reliability of the measurement instrument

If	 applying	 a	 one-	SEM	 value	 for	 defining	 the	 Minimal	 Important	
Difference	(MID),	then	MID	could	be	set	at	6	for	IGQ	global	score	
(Table 2).

3.10  |  Scoring

Score of each of the 6 GRS dimensions was computed as well as a 
global	score.	As	bloating	dimension	was	relatively	independent	from	
the other GRS dimensions, a global score except bloating dimension 
was also computed. Scores range from 0 to 100 (worst symptom or 
impact).

Correlation	between	IGQ	dimension	scores

All	 IGQ	dimensions	 correlated	with	 the	 global	 score	 from	0.54	 to	
0.67.	 The	 different	 dimensions	 (BL,	 FL,	 BE,	BB,	 SR,	DGE)	were	 at	
most moderately correlated between them (ranging from 0.09 be-
tween	BB	and	DGE	to	0.37	between	BL	and	DGE),	confirming	the	

Whole 
sample GPop IBS UK FR SP

Comparative Fit 
Index (CFI)

0.923 0.918 0.913 0.940 0.905 0.879

RMSEA 0.068 0.075 0.067 0.064 0.073 0.092

SRMR 0.053 0.053 0.070 0.068 0.084 0.068

Note: Parameters	for	good	fit	of	models.	Cut-	off	for	good	fit,	Comparative	Fit	Index	(CFI	≥	0.9),	
Root	Mean	Square	Error	of	Approximation	(RMSEA	<	0.08),	Standardized	Root	Mean	Square	
Residual	(SRMR	<	0.08).
Abbreviations:	GPop,	General	Population;	IBS,	Irritable	Bowel	Syndrome.

TA B L E  3 Confirmatory	analysis	of	the	
17	IGQ	items	retained

Total (n = 305) Total (n = 305)*
GPop 
(n = 119)** IBS (n = 186)*** p- Valuea 

Global score (GS) 37.17 ± 15.87 33.47 ± 16.92 39.54 ± 14.72 0.0016

Global score (except 
BL)

35.60 ± 16.44 33.10 ± 17.54 37.20 ± 15.54 0.0385

Bloating	(BL) 44.76 ± 23.91 35.17 ± 23.70 50.87 ± 22.02 p <	0.0001

Flatulence	(FL) 50.02 ± 24.98 45.67 ± 26.73 52.80 ± 23.43 0.018

Belching	(BE) 32.85 ± 30.05 33.26 ± 31.54 32.58 ± 29.13 0.85

Bad	breath	(BB) 25.92 ± 25.61 28.34 ± 26.02 24.36 ± 25.29 0.19

Stomach rumbling 
(SR)

32.97 ± 26.39 28.80 ± 28.44 35.63 ± 24.71 0.0325

Difficult gas 
evacuation (DGE)

36.43 ± 25.87 29.41 ± 25.55 40.93 ± 25.12 0.0001

Note: Scores range from 0- 100 (worst symptom or impact). Due to a few missing data, the number 
of patients analyzed varies depending of the dimension scores: *n = 302- 305, **n = 118- 119, 
***n = 184- 186.
Abbreviations:	GPop,	General	Population;	IBS,	Irritable	Bowel	Syndrome.
aComparison	between	GPop	and	IBS	(t- test).

TA B L E  4 Distribution	of	IGQ	scores	
among	GP	subjects	and	IBS	patients
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relative independence of the 6 GRS symptom and impact dimen-
sions	of	IGQ.

Distribution of scores

The	mean	IGQ	scores	range	between	25.9	±	25.6	(bad	breath)	and	
50.0 ± 25.0 (flatulence), with a mean global score of 37.2 ± 15.9 
(Table 4).

Scores distribution across countries

IGQ	scores	were	generally	higher	among	French	participants,	except	
for	SR	and	DGE.	IGQ	global	score	was	39.59	±	15.48	in	French	sam-
ple	 compared	 to	36.03	±	14.81	 in	UK	 and	35.97	±	17.15	 in	 Spain	
(p	=	0.18).	For	most	IGQ	dimension	scores,	differences	were	not	sta-
tistically	significant	across	countries,	except	for	BB:	30.98	±	27.75	in	
French	sample,	compared	to	24.83	±	24.85	in	UK,	and	22.05	±	23.55	
in Spain (p = 0.041).

3.11  |  Convergent/divergent validity

Correlation	between	IGQ	and	specific	FDDQL	
questionnaire

The highest correlation (r)	 levels	 were	 between	 IGQ	 bloating	
and	global	scores,	with	FDDQL	Discomfort	 (DT)	and	global	 (GS)	
scores, r ranging from 0.57 to 0.75. Other moderate correlation 
of	these	2	IGQ	scores	with	FDDQL	Diet	(DI),	Daily	activities	(DA),	
Anxiety	(AN),	and	Sleep	(SL)	dimension	scores	ranged	from	0.38	
to	 0.56.	 FDDQL	 Discomfort	 was	 the	 most	 correlated	 dimen-
sion	with	other	IGQ	dimensions	(FL,	r = 0.46; SR, r = 0.43; DGE, 
r	 =	0.44).	The	 least	 correlated	 IGQ	dimension	with	FDDQL	was	
bad breath, with a correlation level not exceeding 0.22 (Table not 
shown).

Correlation	between	IGQ	and	generic	EQ-	5D	health	
status	questionnaire

As	expected,	correlation	levels	were	lower	ranging	from	no	(0.01)	to	
moderate	correlation	(0.53)	between	IGQ	and	EQ-	5D.	The	highest	
correlation	was	between	IGQ	bloating	and	EQ-	5D	Pain/Discomfort	
(r	 =	 0.53).	 EQ-	5D	 Self-	care	 item	 was	 the	 least	 correlated	 with	
IGQ	scores	 (r near 0 and sometimes negative). The highest corre-
lation	 level	 between	 IGQ	global	 score	 and	EQ-	5D	was	with	Pain/
Discomfort (r	 =	 0.43).	 Similar	 findings	 were	 noted	 with	 the	 VAS	
Health Status and for the Index, with a correlation at 0.39 between 
IGQ	 global	 score	 and	 EQ-	5D	VAS	 health	 status	 and	 EQ-	5D	 Index	
(Table not shown).

3.12  |  Discriminant validity

Comparison	of	IGQ	scores	according	to	gender

Mean	 IGQ	 scores	 tended	 to	 be	 worse	 among	 women	 compared	
to	men	 (BB,	SR,	DGE),	 the	difference	being	statistically	significant	
for bloating with a mean difference over 18 points (50.4 ± 22.2 vs. 
32.2 ± 22.8, p	 <	 0.0001).	 Accordingly,	 global	 score	 tended	 to	 be	
worse among women (38.4 ± 15.5 vs. 34.5 ± 16.4, p = 0.058) (Table 
not shown).

Comparison	of	IGQ	scores	between	IBS	patients	and	
subjects from general population

Mean	IGQ	scores	were	statistically	worse	for	4	(BL,	FL,	SR,	DGE)	of	
the	6	GRS	symptoms	among	 IBS	patients	compared	 to	GPop.	The	
highest mean difference was over 15 points for bloating (50.9 ± 22.0 
vs. 35.2 ± 23.7, p <	0.0001).	The	second	largest	difference	over	11	
points was with difficult gas evacuation (40.9 ± 25.1 vs. 29.4 ± 25.6, 
p	=	0.0001).	Similarly,	 IGQ	global	 score	was	worse	among	 IBS	pa-
tients (39.5 ± 14.7 vs. 33.5 ± 16.9, p = 0.0016) (Table 4).

Comparison	of	IGQ	scores	among	the	3	IBS	subtypes

IGQ	 global	 scores	 were	 similar	 across	 the	 3	 IBS	 subtypes.	
However,	 BL	 score	was	 statistically	 (p = 0.0195) higher (worse) 
among	IBS-	C	(56.1	±	18.7)	compared	to	IBS-	M	(50.6	±	23.2)	and	
even	more	to	IBS-	D	(45.2	±	23.2).	IBS-	D	patients	tended	to	have	
higher	scores	for	flatulence	and	stomach	rumbling,	and	IBS-	M	pa-
tients tended to have higher scores for belching and bad breath. 
Only comparison for bloating scores reached statistical signifi-
cance (Table not shown).

Comparison	of	IGQ	scores	according	to	IBS-	SSS	
severity	score	among	IBS	patients

There was moderate and statistical (p <	0.0001)	association	between	
IBS-	SSS	and	IGQ	global	(r = 0.346) and stomach rumbling (r = 0.226) 
scores,	 that	 is,	 patients	with	higher	 severity	 score	on	 the	 IBS-	SSS	
had	higher	IGQ	scores.	Correlation	levels	were	lower	although	still	
significant	 between	 IBS-	SSS	 and	 bloating,	 flatulence,	 difficult	 gas	
evacuation, and bad breath scores. The lowest correlation was with 
belching	 (Table	 5).	 All	 IGQ	 scores	 got	worse	 (higher)	 across	 the	 4	
categories	of	IBS-	SSS	score	(138-	150,	151-	200,	201-	250,	and	>251),	
except	for	belching.	Largest	differences	between	the	2	extreme	IBS-	
SSS	categories	were	with	bloating	(>27	points),	difficult	gas	evacua-
tion	(>26),	stomach	rumbling	(>24),	and	flatulence	(>21)	(Table	6).	The	
mean	IGQ	global	score	across	the	4	IBS-	SSS	categories	was,	respec-
tively, 23.97 ± 11.90 (n = 5), 30.91 ± 13.43 (n = 21), 36.26 ± 13.84 
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(n = 55), and 43.74 ± 13.99 (n	=	105)	(ANOVA,	p <	0.0001),	with	a	
difference	between	the	2	extreme	IBS-	SSS	categories	approaching	
20 points.

Comparison	of	IGQ	scores	according	to	the	Symptom	
Screening Tool (SST) score

There	was	 high	 association	 between	most	 of	 IGQ	 scores	 (eg,	 0.61	
for	 IGQ	 global	 score)	 and	 the	 4-	item	 SST.	 The	 lowest	 correlation	
was	with	bad	breath	(Table	5).	All	IGQ	scores	got	statistically	worse	
(higher) across the 3 categories of SST score (5- 10, 11- 15, and 16- 20). 
Largest	differences	between	the	2	extreme	SST	categories	were	with	
belching	 (>36	 points),	 stomach	 rumbling	 (>34),	 bloating	 (>25),	 and	
flatulence.31	The	mean	IGQ	global	score	across	the	3	SST	categories	

was, respectively, 22.04 ± 10.39 (n = 41), 33.43 ± 12.70 (n = 140), 
and 46.52 ± 15.00 (n	=	124)	(ANOVA,	p <	0.0001),	with	a	difference	
between the 2 extreme SST categories over 24 points. (Figure 1).

3.13  |  Test- retest reliability & validation of 
electronic version

90	 participants	 (55	 IBS,	 35	 GPop)	 completed	 twice	 IGQ.	 67	 per-
ceived	themselves	as	“unchanged”	on	the	global	GI	Well-	Being	scale	
and	 their	data	were	analyzed	 for	 the	 reliability	 testing	of	 IGQ.	22	
perceived as improved or worse and their data were analyzed for 
exploring responsiveness, and 1 subject did not complete the global 
GI	Well-	Being	scale.	The	mean	interval	between	the	2	completions	
was	7.32	days	±	0.88	(SD)	(min-	max:	6-	11).	None	of	the	IGQ	scores	

TA B L E  5 Correlation	levels	between	IGQ	scores	and	IBS-	SSS	
and Symptom Screening Tool (SST)

IBS- SSS IBS 
patients (n = 186)*

SST Total sample 
(n = 305)**

IBS patients 
(n = 186)* r p- Value r p- Value

Global score (GS) 0.346 <0.0001 0.610 <0.0001

Global score (except 
BL)

0.326 <0.0001 0.587 <0.0001

Bloating	(BL) 0.249 0.001 0.402 <0.0001

Flatulence	(FL) 0.215 0.003 0.302 <0.0001

Belching	(BE) 0.116 0.116 0.541 <0.0001

Bad	breath	(BB) 0.171 0.02 0.180 0.002

Stomach rumbling 
(SR)

0.266 <0.0001 0.464 <0.0001

Difficult gas 
evacuation (DGE)

0.246 0.001 0.298 <0.0001

Note: Due to a few missing items, some of the correlation values are 
calculated on *184 or 185 patients and **302 to 304 subjects.
Abbreviation:	IBS-	SSS,	Irritable	Bowel	Syndrome	Severity	Scoring	
System.

TA B L E  6 Comparison	of	scores	according	to	4	categories	of	IBS-	SSS	severity	score

IBS- SSS (n = 186) mean ± SD [138- 150] (n = 5) [151- 200] (n = 21) [201- 250] (n = 55)* [251- 303] (n = 105)**
ANOVA 
p value

Global score (GS) 23.97 ± 11.90 30.91 ± 13.43 36.26 ± 13.84 43.74 ± 13.99 <0.0001

Global	score	(except	BL) 23.23 ± 12.19 28.75 ± 14.75 33.75 ± 14.84 41.41 ± 14.81 0.0001

Bloating	(BL) 27.67 ± 17.73 41.67 ± 16.32 47.72 ± 22.74 55.44 ± 21.49 0.0016

Flatulence	(FL) 34.67 ± 14.26 46.51 ± 22.44 51.06 ± 20.20 55.84 ± 25.01 0.086

Belching	(BE) 34.50 ± 11.10 24.29 ± 26.89 29.14 ± 29.15 35.99 ± 29.88 0.27

Bad	breath	(BB) 9.50 ± 18.57 13.81 ± 20.38 23.91 ± 23.23 27.45 ± 26.88 0.072

Stomach rumbling (SR) 17.50 ± 19.20 22.86 ± 21.38 30.77 ± 25.13 41.60 ± 23.65 0.0007

Difficult gas evacuation (DGE) 20.00 ± 32.60 36.31 ± 24.34 33.86 ± 22.78 46.55 ± 24.79 0.0027

Note: Due to a few missing items, some of the means are calculated on *54 and **104 patients.
Abbreviation:	IBS-	SSS,	Irritable	Bowel	Syndrome	Severity	Scoring	System.

F I G U R E  1 IGQ	scores	according	to	3	categories	of	Symptom	
Screening Tool (SST) severity score
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differed statistically between V1 and V2 among the 67 “unchanged” 
participants,	for	example,	mean	IGQ	global	score	was	34.84	±	14.21	
at V1 and 35.02 ± 15.26 at V2. ICC ranged from 0.71 to 0.86 across 
the	different	IGQ	dimension	scores	and	reached	0.85	(95%	CI	0.78;	
1) for the global score (Table 7).

Sixty- four “unchanged” participants were analyzed for the cor-
relation	between	 IGQ	paper	and	electronic	version	 (3	participants	
were	not	able	to	complete	the	IGQ	electronic	version,	but	completed	
instead	paper	version).	None	of	the	IGQ	scores	differed	statistically	
between	electronic	and	paper	completion	of	IGQ,	for	example,	mean	
IGQ	global	score	was,	respectively,	34.52	±	14.35	and	34.07	±	15.09.	
ICC	ranged	from	0.79	(SR)	to	0.87	(BL),	except	for	difficult	gas	evac-
uation with an ICC at 0.61. ICC of the global score was 0.82 (95% CI 
0.71; 1).

3.14  |  Responsiveness

10 and 12 participants reported to be, respectively, improved and 
worse	on	the	global	GI	Well-	Being	scale	7	days	after	first	comple-
tion	 of	 IGQ.	 IGQ	 global	 score	 was	 reduced	 by	 a	 median	 of	 10.4	
points (min- max: - 23.9- 2.6) among improved participants and was 
increased by 3.12 points (min- max: 3.9- 8.3) among 12 participants 
who perceived themselves as worse.

4  |  DISCUSSION

Our	study	indicates	that	IGQ	is	a	robust	instrument	for	capturing	
and measuring GRS and their impact on daily life; the final 17- item 
questionnaire,	available	in	paper	and	electronic	version,	has	good	
psychometric	 properties.	 The	 pilot	 IGQ	 questionnaire	 with	 43	
items covering 7 symptoms and their impact on various aspects of 
daily life19 was reduced to 17 items covering 6 dimensions. Each 
dimension contains items about one GRS, over a 24- hour recall 
period, and its impact on daily life over a 7- day recall period. The 
similar	 structure	 yielded	 by	 factorial	 analysis	 confirms	 that	 IGQ	

is	 valid	 for	both	 the	GPop	and	 IBS,	 and	 for	English,	 French,	 and	
Spanish cultures.

There were sound correlation levels between the concepts 
measured	by	IGQ	and	those	measured	by	the	specific	FDDQL	and	
the	generic	EQ-	5D	questionnaires,	confirming	the	convergent/di-
vergent	 validity	 of	 IGQ.	Moderate	 to	 high	 correlation	was	 found	
between	IGQ	and	FDDQL	dimensions	scores.	The	highest	correla-
tion	was	between	IGQ	bloating	score	and	FDDQL	Discomfort	(DT)	
dimension score (r = 0.75) which is consistent with the content of 
their items.

The	 two	 most	 severe	 IGQ	 scores	 observed	 in	 our	 validation	
study	were	flatulence	and	bloating	both	in	GPop	and	IBS.	By	com-
parison,	Tielemans	et	al	found	that	the	3	most	frequent	symptoms	
in	a	large	survey	of	16,758	questionnaires	completed	by	Dutch	adult	
general population were bloating (63%), borborygmi (60%), and flat-
ulence (71%)4	but	they	did	not	use	a	specific	questionnaire	for	the	
assessment of gas- related symptoms.

Discriminant	 capacity	 is	 supported	 by	 comparisons	 of	 IGQ	
scores	according	to	several	proxies.	Mean	IGQ	scores	were	statis-
tically	worse	among	IBS	patients	compared	to	GPop	for	4	of	the	6	
GRS symptoms (bloating, flatulence, stomach rumbling, and difficult 
gas evacuation). This appears consistent as these symptoms are fre-
quently	 associated	 with	 IBS	 or	 altered	 bowel	 movements32 while 
belching	and	bad	breath	are	not	specific	of	IBS	and	are	experienced	
commonly in the general population.33	 Considering	 IBS	 subtypes,	
bloating	 score	 was	 statistically	 worse	 among	 IBS-	C	 compared	 to	
IBS-	M	or	IBS-	D.	This	higher	prevalence	of	bloating	among	IBS-	C	and	
IBS-	M	patients	over	IBS-	D	has	been	previously	reported.1,34 Indeed, 
bloating	can	be	the	most	prevalent	bothersome	symptom	in	IBS-	C.35 
All	IGQ	scores,	except	belching,	got	worse	(higher)	across	the	4	cat-
egories	of	IBS-	SSS	score.	Furthermore,	there	is	a	higher	association	
between	most	of	the	 IGQ	scores	 (up	to	0.61	for	 IGQ	global	score)	
and the 4- item SST. The largest differences between the 2 extreme 
SST categories were observed in the 4 symptoms measured by 
both	questionnaires	(ie,	bloating,	flatulence,	belching,	and	stomach	
rumbling).	Interestingly,	mean	IGQ	scores	tend	to	be	worse	among	
women compared to men. The literature confirms that in a variety of 

“unchanged” subjects on Global 
GI Well- Being scale (n = 67) V1 mean ± SD V2 mean ± SDa  p Valueb  ICC (95% CI)b 

Global score (GS) 34.84 ± 14.21 35.02 ± 15.26 0.989 0.85 (0.78 ; 1)

Global	score	(except	BL) 33.85 ± 15.14 33.99 ± 15.56 0.909 0.82 (0.75 ; 1)

Bloating	(BL) 39.80 ± 22.27 40.00 ± 20.94 0.746 0.86 (0.76 ; 1)

Flatulence	(FL) 47.64 ± 23.49 46.26 ± 25.02 0.728 0.79 (0.69 ; 1)

Belching	(BE) 33.36 ± 27.07 37.57 ± 27.90 0.498 0.80 (0.71 ; 1)

Bad	breath	(BB) 20.67 ± 23.08 20.30 ± 21.48 0.651 0.82 (0.74 ; 1)

Stomach rumbling (SR) 30.07 ± 25.24 31.08 ± 27.43 0.721 0.79 (0.68 ; 1)

Difficult gas evacuation (DGE) 37.50 ± 22.93 36.94 ± 25.14 0.736 0.71 (0.51 ; 1)

aDuring the 2nd	completion,	there	were	FL	missing	items	for	1	patient	preventing	to	calculate	the	
corresponding	FL	score	and	the	Global	scores.
bWilcoxon	rank	test	for	paired	samples	and	ICC	concerned	67	subjects	except	for	FL,	and	Global	
scores where 66 subjects could be analyzed.

TA B L E  7 Comparison	of	IGQ	mean	
scores between V1 and V2 and Intraclass 
Correlation (ICC)
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situations	this	problem	is	perceived	as	worse	and	affects	quality	of	
life more in women.4,36,37

The	reliability	of	IGQ	over	time	and	the	equivalence	of	the	elec-
tronic and paper versions is supported by the high ICC values that 
are over the recommended threshold.26

According	 to	 ROME	 IV	 criteria,	 functional	 abdominal	 bloating	
and	distension	(FABD)	is	now	defined	as	a	subjective	feeling	of	in-
creased abdominal fullness/pressure associated or not with a mea-
surable increase in abdominal girth defined as distension.38,39	We	
acknowledge	that	our	study	did	not	confirm	the	subjective	percep-
tion of GRS in general and particularly abdominal distension by an 
objective	marker.	 Indeed,	several	studies	have	suggested	different	
underlying mechanisms for feeling bloated vs. objective abdominal 
distension.	However,	the	techniques	used	to	quantify	the	distension	
such as CT scan are not part of routine and would have not been ap-
propriate	or	feasible	in	our	study.	Moreover,	the	correlation	between	
intra- abdominal gas contents and bloating perception is repeatedly 
reported as poor.15,16	Only	in	IBS-	C	does	the	severity	of	abdominal	
bloating seem to correlate with the degree of abdominal distension, 
suggesting	that	the	pathophysiology	is	likely	to	be	different	between	
subtypes of bowel habit.40

During the test- retest, and while subjects were globally consid-
ered	to	be	unchanged	on	the	GI	Well-	Being	scale	at	the	second	visit	
compared to the first, the ICC did not reach 0.80 for some of the 
IGQ	dimension	scores	 (ie,	 flatulence,	stomach	rumbling,	and	diffi-
cult gas evacuation). One explanation is that the day- to- day fluc-
tuation of these GRS can be affected by even very small changes 
in the diet41 and the large intra-  and inter- variability among sub-
jects.42	 A	 shorter	 interval	 between	 the	 two	 completions,	 such	 as	
one day, would possibly have yielded higher correlation levels for 
these highly fluctuating symptoms. However, ICC of global score 
is high at 0.85, and a shorter interval than 7 days would have been 
inconsistent with the 7- day recall period used for capturing the im-
pact of symptoms on daily life.

Further	studies	are	needed	to	confirm	the	ability	of	IGQ	to	de-
tect changes in response to different interventions such as diet or 
probiotics in the general population. However, these preliminary 
results	 suggest	 that	 IGQ	 is	 sensitive	 to	 change	 over	 time	 as	 IGQ	
global score gets better (lower by a median of 10 points) among sub-
jects	reporting	being	 improved	on	the	global	GI	Well-	Being	scale.	
This change may be put in perspective with the minimal important 
difference	(MID)	calculated	for	the	global	score	based	on	the	one-	
SEM	value	(ie,	around	6).	A	one-	SEM	criterion	is	among	the	recom-
mended	approaches	 for	MID.43,44	A	change	higher	 than	one	SEM	
is	 likely	 to	 reflect	a	 true	change	 in	 individual	 status	 rather	 than	a	
measurement error.

5  |  CONCLUSION

This study confirms the excellent psychometric properties of a new 
measure of GRS, in terms of validity and reliability which are in 
line	with	FDA	recommendations.45	The	 IGQ	may	be	a	useful	 tool	

in	surveys,	looking	at	the	prevalence	of	digestive	symptoms	in	dif-
ferent sets of the population and in clinical trials to assess the ef-
ficacy of treatments or nutriments aimed at relieving gas- related 
symptoms.
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