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Abstract
Background: There	 is	an	unmet	need	 for	a	validated,	 test-specific	 symptom	ques-
tionnaire to evaluate carbohydrate perception during breath tests. Our aim was to 
develop	and	validate	a	questionnaire	for	the	assessment	of	symptoms	after	a	pro-
vocative carbohydrate load.
Methods: After	a	literature	search	and	initial	focus	group-style	interviews,	five	relevant	
complaints	were	identified.	Responses	were	given	on	a	Likert-type	faces	scale	with	a	
language	children	use	and	understand.	Reliability,	validity	and	responsiveness	to	change	
were	established	by	the	implementation	of	the	questionnaire	during	breath	tests	in	215	
pediatric	subjects.	Correlation	between	the	questionnaire	and	a	medical	interview	by	a	
pediatrician	who	was	blinded	to	the	results	of	the	questionnaire	(n	=	19)	was	determined.
Key Results: The	questionnaire	had	good	face and content validity	(Lawshe	ratio	=	1).	
Intraclass	 correlation	 coefficients	 for	 test-retest	 reliability	 (n	=	116)	demonstrated	
good	repeatability	 (P	<	 .001),	and	effect	sizes	were	small	 (Cohen's	d	<	0.15	 for	all	
symptoms).	Convergent validity and discriminant validity were supported according to 
the	multitrait-multimethod	matrix	method.	The	results	obtained	by	the	questionnaire	
correlated	highly	with	the	result	of	 the	medical	 interview	 (P	<	 .001;	Fisher's	exact	
test).	Cronbach's	alpha	was	0.81.	Responsiveness	was	verified	for	the	whole	patient	
group	and	subgroups	with	medium	to	high	effect	sizes.
Conclusions and Inferences: The paediatric Carbohydrate Perception Questionnaire 
(pCPQ)	is	a	simple,	test-specific	questionnaire	for	a	pediatric	population.	It	is	a	valid	
instrument	with	excellent	psychometric	properties	to	assess	gastrointestinal	symp-
toms	after	carbohydrate	 ingestion.	The	pCPQ	can	 replace	non-validated	symptom	
assessment	during	carbohydrate	breath	tests	and	allows	a	standardized	diagnosis	of	
carbohydrate intolerance.
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1  | INTRODUC TION

The	 ingestion	of	carbohydrates	 in	an	amount	 that	exceeds	enteric	
absorptive capabilities can cause clinical symptoms such as gastro-
intestinal	 pain,	 bloating,	 or	 diarrhea.	 Malabsorbed	 carbohydrates	
reach the colon where bacterial metabolism converts them into gas 
and	 short-chain	 fatty	 acids.	 These	 metabolites	 may	 be	 the	 cause	
of	 the	 clinical	 symptoms	of	 carbohydrate	malabsorption,	 although	
carbohydrate-induced	symptoms	can	also	arise	without	detectable	
malabsorption.1,2 Breath tests are clinical tools for the diagnosis of 
malabsorption by measuring the presence of hydrogen and methane 
in	the	exhaled	air	after	the	ingestion	of	provocative	doses	of	poorly	
absorbable carbohydrates such as lactose or fructose. Breath tests 
are	inexpensive,	simple,	and	safe	procedures	and	are	widely	used	in	
pediatric practice for the evaluation of children or adolescents with 
abdominal symptoms that might be related to carbohydrate inges-
tion,	although	the	clinical	relevance	of	malabsorption	determined	by	
breath tests is disputed.3,4

Apart	from	the	determination	of	malabsorption,	a	carbohydrate	
challenge also allows the assessment of symptoms after carbohy-
drate	ingestion,	that	is,	the	determination	of	intolerance	to	the	car-
bohydrate	in	question.5 Intolerance after a carbohydrate challenge 
rather than malabsorption corresponds to a history of clinical symp-
toms.1	Although	carbohydrate	malabsorption	and	intolerance	are	not	
equivalent,1,6 the terms ‘carbohydrate malabsorption’ and ‘carbohy-
drate intolerance’ are often confused or used interchangeably.7 This 
has led to conflicting results of therapeutic studies of carbohydrate 
restriction diets.8	Since	it	is	intolerance	that	is	of	clinical	relevance	
rather	 than	malabsorption,	 the	 treatment	 of	 carbohydrate-related	
symptoms,	for	example,	by	diet	or	enzyme	replacement,	should	not	
be primarily aimed at altering malabsorption but rather at improving 
abdominal symptoms.9 The unbiased diagnosis of intolerance re-
quires	a	valid	recording	of	carbohydrate-induced	symptoms.

The	 quality	 of	 carbohydrate	 intolerance	 measurement	 in	 the	
clinical setting and in the published literature has been limited: au-
thors	tend	to	incorrectly	equate	malabsorption	with	intolerance,	the	
definition	of	intolerance	is	not	standardized	and,	most	notably,	the	
assessment of symptoms has not been validated and hence is prone 
to multiple types of bias.10	In	the	pediatric	literature,	the	difficulty	in	
data	interpretation	due	to	a	lack	of	a	validated	symptom	assessment	
tool	has	been	acknowledged.11	Symptoms	following	a	carbohydrate	
challenge have been assessed by inviting the patient and/or their 
caregivers	to	report	any	undesignated	symptom	as	it	may	arise,12-14 
by	recall	of	specific	symptoms,15	or	by	use	of	a	generic	pain	ques-
tionnaire13	or	a	questionnaire	that	was	not	validated	for	the	pediatric	
population.16	A	wide	array	of	abdominal	symptoms,	such	as	abdomi-
nal	pain,	cramping,	bloating,	distention,	nausea,	flatulence,	and	loose	
stools	or	diarrhea,	has	been	considered	relevant	symptoms	in	chil-
dren and adolescents.11,12,15

Here,	we	describe	the	development	and	validation	of	a	self-ad-
ministered	 symptom	 measurement	 questionnaire	 to	 assess	 the	
severity and the type of abdominal symptoms after the ingestion 
of	 a	 carbohydrate	 load	 in	 the	 pediatric	 population,	 the	 paediatric	

Carbohydrate	Perception	Questionnaire	(pCPQ).	A	preliminary	val-
idation of this instrument has been reported elsewhere.1	The	ques-
tionnaire	has	undergone	further	analysis	for	complete	validation,	and	
this is reported in this manuscript. Our aim was to overcome the ob-
vious	lack	of	standardized	and	validated	symptom	assessment	during	
the carbohydrate breath test17	 to	minimize	 bias	 and	 to	 develop	 a	
standard tool for the assessment of carbohydrate intolerance.

2  | METHODS

2.1 | Questionnaire development

After	 a	 literature	 search	 and	 initial	 focus	 group-style	 interviews	
given to parents and children who underwent breath hydrogen 
testing	and	to	three	experienced	pediatric	gastroenterologists,	five	
relevant	 complaints	were	 identified,	 and	 a	 Likert-type	 faces	ques-
tionnaire were constructed.

2.2 | paediatric Carbohydrate Perception 
Questionnaire (pCPQ)

The	 symptoms	 evaluated	 were	 pain,	 nausea,	 meteorism,	 flatu-
lence,	 and	 diarrhea	 in	 child-oriented	 German	 language	 (Figure	 1).	
Responses	were	given	on	a	6-faces	scale	with	a	happy	face	and	the	
words ‘not at all’	on	the	left,	and	a	sad	face	and	the	words	‘particularly 

Key Points

• The paediatric Carbohydrate Perception Questionnaire 
(pCPQ)	 allows	 standardized	 symptom	assessment	dur-
ing carbohydrate breath tests and a valid diagnosis of 
carbohydrate	 intolerance,	 thereby	 providing	 an	 unbi-
ased basis for treatment decisions.

•	 We	 aimed	 to	 develop	 a	 symptom	 questionnaire	 for	 a	
paediatric population for use in carbohydrate hydrogen 
breath tests.

•	 After	basic	development	of	the	questionnaire	validity	of	
the	questionnaire	was	established	by	 the	 implementa-
tion	of	the	questionnaire	during	breath	tests	in	215	pae-
diatric subjects.

•	 A	 symptom	 questionnaire	 for	 a	 paediatric	 population	
has been developed for use in carbohydrate hydrogen 
breath tests.

• The paediatric Carbohydrate Perception Questionnaire 
(pCPQ)	 has	 excellent	 psychometric	 properties	 for	 the	
assessment of gastrointestinal symptoms after carbohy-
drate ingestion.
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bad’	at	the	right.	On	the	patients’	and	parents’	request,	half	points	
between	faces	were	added;	thus,	the	final	version	that	underwent	
further	 validation	 was	 an	 eleven-point	 scale.	 The	 time	 frame	 of	
symptoms	was	given	as	‘current’	(for	baseline	symptom	assessment)	
and	‘since	filling	out	the	last	questionnaire’.

2.3 | Scale administration

The	population	cohort	consisted	of	215	consecutive	pediatric	patients	
who	underwent	 carbohydrate	 (fructose:	n	=	99	or	 lactose:	n	=	116)	
breath	hydrogen	testing	for	diagnostic	workup	of	functional	(ie,	non-
organic)	abdominal	pain	disorders	defined	by	recurrent	or	continuous	
abdominal	pain	of	at	least	2	months'	duration.	Patients	were	required	
to	complete	the	pCPQ	with	or	without	their	caregivers’	assistance	(at	
the	 patients'	 discretion)	 at	 baseline	 and	 every	 30	minutes	 concomi-
tantly with the collection of breath samples for 3 hours. Patients/their 
caregivers were blinded as to the result of the concurrent breath test.

Breath	 tests	 were	 performed	 by	 experienced	 technical	 assis-
tants. The preparation for the breath test and the method used has 
been described in detail1.	 In	 short,	 patients	 received	 standard	 in-
structions	before	the	test	 (fructose	 (1	g/kg	bodyweight,	maximum	

of	25	g)	or	lactose	(2	g/kg;	maximum	of	50	g);	Kwizda	Pharma).	End-
expiratory	 breath	 samples	 were	 taken	 at	 30-minute	 intervals	 for	
3	 hours.	 Hydrogen	 levels	 of	 end-expiratory	 breath	 samples	 were	
recorded.

2.4 | Data and statistical analysis

An	 increase	 in	 the	 production	 of	 hydrogen	 ≥20	 parts	 per	 million	
(ppm)	over	baseline	was	considered	positive,	that	is,	an	indicator	of	
carbohydrate	malabsorption.	A	diagnosis	of	intolerance	was	estab-
lished if during the 3 hours of breath testing an increase in the symp-
tom score of more than 1 point over baseline was observed after 
carbohydrate	 ingestion,	provided	 that	 the	 resulting	absolute	score	
was two or higher.1

2.5 | Reliability

Test-retest reliability	of	the	measure	was	assessed	in	all	116	patients	
who underwent the lactose challenge through the use of the first 
questionnaire	 (filled	 out	 before	 lactose	 ingestion)	 and	 the	 second	
questionnaire	 (filled	 out	 30	minutes	 after	 lactose	 ingestion).	 Test-
retest reliability was established through two methods. The first 
was	evaluating	the	average	within-patient	change	of	each	symptom	
score	over	the	30-minute	interval	with	statistical	 inference	via	the	
Wilcoxon	signed-rank	test.	Reliability	was	also	assessed	by	intraclass	
correlation	coefficients	 (ICC	 (3,1):	 two-way	mixed	effects,	 consist-
ency,	single	rater/measurement)	for	each	item.	Cohen's	d	was	calcu-
lated	as	a	measure	of	effect	size.

Cronbach's	alpha	was	calculated	as	a	measure	of	internal	consis-
tency after calculating the sum of each item score over the obser-
vation period.

2.6 | Questionnaire validation

Face	validity	was	determined	by	four	children	and	five	parents,	and	
content validity was assessed by four pediatricians and one gastro-
enterologist. The numbers were deemed appropriate due to uniform 
responses,	and	all	participants	were	native	German	speakers.

2.6.1 | Construct validity

The sample was used to suggest a grouping of symptom items into 
domains	of	symptom	burden.	A	data-driven	approach	was	adopted	
using	 principal	 component	 analysis	 followed	 by	 varimax	 rotation.	
Components	were	extracted	based	on	a	fixed	number	of	3.	Based	on	
these	findings,	convergent	and	discriminant	validity	was	determined	
by	the	multitrait-multimethod	matrix	method	described	by	Campbell	
and	Fiske.18

F I G U R E  1  Example	of	the	paediatric	Carbohydrate	Perception	
Questionnaire	(pCPQ)	(first	page,	to	be	filled	out	at	time	0,	before	
carbohydrate	ingestion).	The	questionnaire	is	given	in	its	original	
language	(German);	it	has	to	undergo	a	standard	translation	process	
before its valid use in other languages and cultures!27
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2.6.2 | Concurrent validity

The	questionnaire	was	administered	to	19	consecutive	patients	un-
dergoing	 lactose	or	 fructose	hydrogen	breath	 tests.	A	pediatrician	
who	was	blinded	to	the	result	of	the	questionnaire	ascertained	the	
presence of symptoms by medical interview after the breath test. 
Fisher's	exact	test	was	used	to	determine	the	correlation	between	
the	questionnaire	(symptom	score	<2	vs	≥2	during	the	breath	test)	
and the physician interview.

2.7 | Responsiveness

The	 difference	 between	 baseline	 symptom	 scores	 and	 the	 peak	
symptom scores during the test was assessed for each individual 
symptom and a global symptom score that was calculated for each 
participant by summing individual symptom scores at given time 
points.	The	Wilcoxon	signed-rank	test	was	used	for	statistical	infer-
ence,	and	effect	sizes	were	determined	as	Cohen's	d.

Statistical analysis	 was	 performed	 using	 SPSS	 24	 (IBM	 SPSS	
Statistics	for	Windows,	Version	24.0,	released	2016,	IBM	Corp).

The study was approved by the institutional Ethics Committee 
of	the	Medical	University	of	Vienna	(EK	Nr	1149/2012).	Date	of	ap-
proval	granted	by	the	ethical	board:	6th	June	2012.	No	written,	in-
formed consent was obtained in this retrospective study. The study 
protocol	conforms	to	the	ethical	guidelines	of	the	1975	Declaration	
of	Helsinki	as	reflected	in	a	prior	approval	by	the	institution's	human	
research committee.

3  | RESULTS

The	characteristics	of	the	patients	are	shown	in	Table	1.	A	total	of	
215	patients	participated	in	the	breath	and	intolerance	tests,	and	9	
patients	dropped	out	due	to	 incomplete	data.	Forty-one	out	of	77	
patients	with	malabsorption	(53.3%)	were	sensitive	to	the	respective	

carbohydrate	 (‘intolerance’)	 (Table	 2),	while	 44	 out	 of	 85	 patients	
with	 intolerance	 (51.8%)	 had	 no	 H2-increase	 ≥20	 ppm	 during	 the	
breath	test	(no	detectable	malabsorption).

3.1 | Test-retest reliability

When	n	=	116	patients	were	given	the	pCPQ	twice,	that	is,	before	
and	 30	 minutes	 after	 drinking	 the	 lactose	 solution,	 their	 paired	
scores	for	the	five	items	did	not	change	significantly	(P	>	.05	for	all	
items),	while	the	correlation	of	items	was	highly	significant	(P < .001 
for	all	items)	(Table	3).	The	results	are	supportive	of	good	agreement	
between occasions.19	Cohen's	d	is	a	standardized	measure	of	effect	
size	in	which	values	<0.4	are	considered	small.	All	d	values	were	well	
inside	the	small	range.	Overall,	the	data	are	supportive	of	test-retest	
reliability.

3.1.1 | Internal consistency

Cronbach's	alpha	was	0.81,	indicating	good	internal consistency.

3.2 | Validity

The scale had strong face validity,	as	it	was	simple,	easy	to	understand	
and brief. The content validity ratio	according	to	Lawshe20	equalled	1.

The three factors obtained from principal component analysis 
were	grouped	 into	 (a)	 intestinal	gas	 (two	variables:	meteorism	and	
flatulence;	 average	 loading:	 0.84),	 (b)	 pain/nausea	 (two	 variables:	
pain	and	nausea:	 average	 loading	0.82),	 and	 (c)	diarrhea	 (one	vari-
able;	 loading:	0.96).	The	significance	according	to	Bartlett's	test	of	
sphericity21 was calculated to be <0.001. The correlation of items 
within	factors	was	highly	significant	 (P	<	 .001)	for	both	meteorism	
and	flatulence	 (correlation	coefficient	0.61)	as	well	as	for	pain	and	
nausea	(0.63);	hence,	convergent validity	was	supported.	None	of	the	

Female Male Overall

Patients	[n	(%)] 123	(57%) 92	(43%) 215	(100%)

Drop	outs	[n	(%)] 5	(4%) 4	(4%) 9	(4%)

Lactose	challenge/drop	out	(n) 68/4 48/2 116/6

Fructose	challenge/drop	out	(n) 55/1 44/2 99/3

Age,	years	(mean	±	SEM) 11.3	±	0.31 10.7	±	0.4 11.0	±	0.2

25th	percentile 8.4 8.1 8.4

75th	percentile 13.9 12.3 13.6

Weight	(mean	±	SEM) 37.6	±	1.3 37.6	±	1.8 37.6	±	1.0

Breath test results

Lactose	malabsorption	[n	(%)] 21	(32.8%) 14	(30.4%) 35	(31.8%)

Lactose	intolerance	[n	(%)] 30	(46.9%) 20	(43.5%) 50	(45.5%)

Fructose	malabsorption	[n	(%)] 22	(40.7%) 20	(47.6%) 42	(43.8%)

Fructose	intolerance	[n	(%)] 15	(27.8%) 20	(47.6%) 35	(36.5%)

TA B L E  1   Characteristics of patients
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items correlated higher with items of other factors than with items 
of	its	own	factor;	hence,	discriminant validity was supported.18

Additionally,	 concurrent	validity	was	demonstrated	by	a	highly	
significant	 correlation	 of	 the	 questionnaire	 (symptomatic	 vs	 not	
symptomatic)	with	the	results	of	the	physician	interviews	in	19	pedi-
atric	subjects	(P	<	.001;	Fisher's	exact	test).

3.3 | Responsiveness

Sensation	 scores	 at	 baseline	 and	maximal	 differences	 in	 symptom	
scores	 to	 baseline	 (∆Syx)	 are	 given	 in	 Table	 4	 for	 the	whole	 study	
group.	∆Syx	was	significant	for	each	symptom,	with	medium	effect	
sizes.	 The	 effect	 sizes	 increased	 when	 patients	 with	 malabsorp-
tion were assessed and were highest in patients with intolerance 
(Table	5).

4  | DISCUSSION
The	present	study	validates	the	pCPQ,	a	novel	instrument	developed	
to assess abdominal symptoms related to the ingestion of poorly 
absorbable	 carbohydrates	 in	 a	 standardized	manner.	The	need	 for	
this instrument evolved from the limitations of current assessment 
practices,	 particularly	 non-standardized	 methods	 of	 assessment,	
which	may	be	subject	to	doctor-	and	patient-related	biases.	At	the	
same	time,	there	is	increasing	appreciation	of	the	important	role	of	
documenting	intolerance,	that	is,	the	relation	between	carbohydrate	
ingestion	and	the	occurrence	of	symptoms,	for	clinical	decision	mak-
ing,	such	as	suggesting	treatment	with	diets	or	enzyme	supplemen-
tation,	and	research.9,22	Based	on	our	data,	the	pCPQ	has	excellent	
psychometric properties and has a minimal burden on the patient 
and	resources,	as	it	is	brief	and	easy	to	administer,	fill	out,	score,	and	
interpret.

The	key	measurement	properties	of	a	symptom-assessment	in-
strument are its reliability and validity in the population to be stud-
ied.	 The	 study	 population	 represented	 the	 population	 of	 interest,	
children,	and	adolescents	who	were	referred	 for	evaluation	of	 the	
clinical suspicion of carbohydrate intolerance. The youngest patient 
was	5.0	years	old,	and	99%	were	under	18	years	of	age.	The	range	of	
age	was	large	but	represents	the	range	of	age	being	looked	after	at	
a pediatric institution. There was no distinct influence of age on the 
test results. The proportion of malabsorbers and patients with and 
without intolerance was comparable among the younger half and 

TA B L E  2   Distribution of patients with carbohydrate 
malabsorption	and	carbohydrate	intolerance	(chi2: 29.7; P	<	.001)

No 
intolerance Intolerance

No	malabsorption 85	(41.3%) 44	(21.4%) 129	(62.6%)

Malabsorption 36	(17.5%) 41	(19.9% 77	(37.4%)

121	(58.7%) 85	(41.3) 206	(100%)

Sensation scores at 
baseline (ΔSyx)

P-
valueMean ± SEM Mean ± SEM Cohen's d

Pain 0.82	±	0.08 0.77	±	0.10 0.53 <.001

Nausea 0.59	±	0.07 0.42	±	0.07 0.41 <.001

Meteorism 0.50	±	0.06 0.60	±	0.08 0.53 <.001

Flatulence 0.28	±	0.04 0.59	±	0.07 0.57 <.001

Diarrhea 0.10	±	0.03 0.42	±	0.08 0.36 <.001

Sum	of	all	
Symptoms

2.32	±	0.19 2.13	±	0.26 0.57 <.001

Note: The P-value	is	from	the	Wilcoxon	signed-rank	test	between	the	baseline	symptom	score	and	
the	score	at	the	symptom	peak.

TA B L E  4  Sensation	scores	for	the	
whole patient group at baseline and 
maximal	differences	in	symptom	scores	to	
baseline	(ΔSyx)

Item n
Mean 
changea SDb Pc ICCd Pe

Cohen's 
d

Pain 116 0.12 1.11 .63 0.71 <.001 0.10

Nausea 116 0.004 0.89 1.0 0.75 <.001 0.005

Meteorism 116 -0.09 0.79 .36 0.80 <.001 -0.11

Flatulence 116 -0.009 0.61 1.0 0.79 <.001 -0.01

Diarrhea 116 0.07 0.45 .29 0.62 <.001 0.15

Note: a,b:	average	within-patient	change	and	standard	deviation	(SD).
cP-value	from	the	Wilcoxon	signed-rank	test.
dICC: intraclass correlation coefficient.
eP-value	from	the	Pearson	correlation.

TA B L E  3  Test-retest	scores	for	the	
CPQ items
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the	older	half	of	participants.	Thirty-seven	percent	of	patients	had	
malabsorption,	of	whom	53%	had	carbohydrate	intolerance;	on	the	
other	hand,	41%	of	participants	had	intolerance,	and	52%	had	no	H2-
increase	≥20	ppm	during	the	breath	test	(no	detectable	malabsorp-
tion).	We	did	not	measure	methane	(CH4)	in	the	exhaled	air	to	detect	
non-hydrogen	producing	malabsorbers.23 Quantification of CH4 in 
exhaled	breath	may	have	increased	the	number	of	malabsorbers	de-
tected.	However,	the	proportion	of	patients	with	isolated	elevation	
of CH4	is	small,	and	a	combined	measurement	of	H2 and CH4 showed 
comparable results in an adult population with respect to a poor as-
sociation between malabsorption and clinical symptoms.6,22

The	reliability	of	the	pCPQ	was	ascertained	by	Cronbach's	alpha	
and	measurement	of	reproducibility.	Cronbach's	alpha,	a	commonly	
used	measure	of	internal	consistency,	was	>0.8,	generally	regarded	
as good.24	 Test-retest	 reliability	 was	 established	 by	 applying	 the	
test	twice,	before	and	30	minutes	after	the	ingestion	of	lactose,	at	a	
time when presumably the consumed carbohydrate had not induced 
symptoms.6 Patients who ingested fructose were not included in re-
liability	testing,	as	fructose	ingestion	may	lead	to	symptoms	within	
the	30-minute	timeframe,	which	is	earlier	than	after	lactose	inges-
tion.1,25 The time frame was chosen to be short enough to avoid 
instability of abdominal symptoms caused by the ingestion of the 
carbohydrate on one hand but at the possible cost of remembering 
previous	answers	on	the	other	hand.	However,	as	the	patients	were	
not	aware	of	reliability	testing	and	an	intervention	(lactose	ingestion)	
separated	the	two	tests,	we	are	confident	that	patients	did	not	in-
tentionally	duplicate	the	questionnaires.

Different abdominal symptoms begin at varying time points after 
carbohydrate	 ingestion	 and	 persist	 for	 differing	 lengths	 of	 time,	
and the various carbohydrates induce symptoms at various time 
points.1,25 The responsiveness of each item was demonstrated in the 
patient	group	as	a	whole	with	medium	effect	sizes.	As	we	had	ini-
tially	expected,	greater	effect	sizes	were	observed	in	malabsorbers,	
and	even	greater	effect	sizes	were	found	in	carbohydrate-intolerant	
patients who were diagnosed as such when one of the symptoms 
increased	by	≥1	over	baseline	(provided	that	the	resulting	absolute	
score	was	two	or	higher).	The	specific	symptom	that	led	to	the	diag-
nosis of intolerance differed widely among subjects and often more 
than	one	symptom	increased	≥1	over	baseline	during	the	course	of	
the	breath	test,	with	pain	(61%)	and	meteorism	(40%)	being	the	most	
frequent	symptoms	leading	to	the	diagnosis	of	intolerance.

There is currently no gold standard to assess the correct cutoff 
point for the diagnosis of intolerance during the carbohydrate chal-
lenge	breath	test.	Since	the	correlation	between	the	results	of	the	
breath	test	(malabsorption)	and	intolerance	is	poor,1,6	an	ROC-curve	
was not considered. Further studies that us the pCPQ during breath 
tests and correlate the diagnosis of intolerance with the effects of 
diets	may	allow	to	refine	the	diagnostic	cutoff	points.	However,	we	
have recently shown that the results of a cutoff point of 1 during a 
fructose hydrogen breath test highly correlate with clinical symp-
toms in pediatric patients with functional abdominal pain disorders.1

The	 questionnaire	was	 developed	 by	 pediatric	 and	 adult	 gas-
troenterologists	experienced	in	the	development	of	questionnaires	TA
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after	focus	group-style	interviews	with	representatives	of	the	tar-
get	group	(children	and	their	caregivers)	and	a	literature	search.	The	
language used was adjusted to be easily understandable by chil-
dren. The final instrument was tested and validated in a large sam-
ple	of	patients.	Noteworthy,	we	did	not	apply	the	questionnaire	to	
a healthy control group and did not assess social and school level 
of the studied population as well as we did not assess whether the 
questionnaire	was	 filled	out	 by	 the	patient,	 their	 caregivers	 or	 in	
cooperation.

We	 have	 assessed	 several	 types	 of	 validity	 in	 this	 study.	
Construct	validity	was	confirmed	by	the	multitrait-multimethod	ma-
trix	method.	We	also	found	clear	evidence	of	concurrent	validity	of	
the	questionnaire,	as	the	test	results	highly	correlated	with	the	re-
sults	of	blinded	physicians´	interviews,	while	providing	standardiza-
tion,	a	defined	validity	and	reliability,	comparability	and	scalability.	In	
comparison	with	an	interview,	the	questionnaire	avoids	interrogator	
and	 responder	 bias	 and	 allows	 easy	 analysis	 and	 visualization.	No	
differences in validity criteria were found between the sample un-
dergoing lactose and fructose tests.

The evaluation of symptoms induced by the carbohydrate 
load during breath tests has been recommended by consensus.22 
However,	symptom	recordings	during	breath	tests	are	not	standard-
ized,	 and	 validated	 instruments	 do	 not	 exist	 to	 control	 for	 bias	 in	
symptom recording in the pediatric population. If there is no data 
on the reliability or validity of a symptom assessment in the setting 
it	 is	used,	 then	 it	 should	not	be	used,	as	 it	 is	not	known	 if	 it	 truly	
measures what is intended to be measured and if data are obtained 
in	a	consistent,	uniform	manner.26 Our data show that the pCPQ has 
good reliability and repeatability and performs well on several as-
pects	of	validity.	The	current	questionnaire	is	in	German	and	has	to	
undergo a standard translation process before its valid use in other 
languages and cultures.27

Each symptom included in the pCPQ was thoroughly discussed 
among	experts	and	patients	and	their	parents.	Abdominal	pain,	me-
teorism,	flatulence,	and	diarrhea	were	accepted	undisputedly	to	be	
included	in	the	questionnaire.	Nausea	is	not	regularly	considered	a	
symptom	of	carbohydrate	malabsorption,25	however,	 is	a	common	
symptom in the pediatric population.28 Pediatricians and patients/
parents	 requested	 nausea	 to	 be	 incorporated	 into	 the	 symptom	
questionnaire.	Moreover,	 nausea	 has	 been	 associated	with	 a	 high	
burden of somatic symptoms as well as depression29-31 and signifi-
cantly	 impacts	 gastrointestinal	 and	 extra-gastrointestinal	 symp-
toms,	psychologic	well-being,	and	 long-term	health	outcomes	 later	
in life.32

The	pCPQ	allows	for	the	determination	of	both	the	quality	and	
the severity of abdominal symptoms after a carbohydrate challenge. 
A	Likert-type	faces	scale	was	used	for	the	scaling	of	symptom	sever-
ity.	Initially,	a	six-point	scale	was	designed,	but	on	the	patients'	and	
parents'	request,	half	points	between	faces	were	added;	thus,	the	
final	version	that	underwent	further	validation	was	an	eleven-point	
scale.	Despite	some	advantages	of	the	visual	analogue	scale	(VAS)	
in	 the	 adult	 population,	 some	 populations	 (eg,	 children	 and	 the	
elderly)	 prefer	 the	 Likert	 scale	 over	 the	VAS	 and	 find	 it	 easier	 to	

complete.33,34	 Overall,	 Likert	 scales	 and	 VAS	 are	 of	 comparable	
reliability.33

The combination of carbohydrate breath tests with an unbiased 
symptom assessment allows for the determination of four different 
entities	after	a	carbohydrate	load,	the	predictive	capacity	of	which	
are to be determined in future studies by an evaluation to the re-
sponse	to	diet:	(a)	malabsorption	plus	symptoms,	(b)	malabsorption	
only,	(c)	symptoms	only,	and	(d)	none	of	the	above.	While	in	the	past	
the presence of malabsorption has been the main focus of carbohy-
drate	breath	tests,	recent	data	suggest	that	symptoms	after	a	carbo-
hydrate load may be of superior clinical relevance.1,25 Carbohydrate 
intolerance	 in	the	actual	meaning	of	the	term,	that	 is	the	develop-
ment	of	symptoms	after	carbohydrate	ingestion,	has	been	neglected	
in	the	clinical	context.	This	may	have	hampered	the	adequate	sup-
port	of	a	significant	number	of	patients	with	carbohydrate-induced	
symptoms.8 It has been suggested that the term ‘carbohydrate in-
tolerance’ should be replaced by ‘sensitivity to the carbohydrate’ 
or	 ‘carbohydrate	 hypersensitivity’,	 because	 there	 is	 confusion	 re-
garding the term ‘carbohydrate intolerance’ since it has often been 
used	indiscriminately	in	the	context	of	carbohydrate	malabsorption,	
encompassing	both	malabsorption	and	carbohydrate-induced	symp-
toms.	As	data	accumulate	 that	 suggest	 that	 symptoms	 induced	by	
carbohydrate	ingestion	are	mainly	due	to	visceral	hypersensitivity,1 
‘carbohydrate	hypersensitivity’	may	express	a	link	to	visceral	hyper-
sensitivity,	which	 is	 an	 established	 and	well-defined	 term	 in	 func-
tional gastrointestinal research.35

In	summary,	we	have	developed	a	novel	instrument	to	evaluate	
symptoms before and during carbohydrate breath tests in a large 
pediatric	 population.	 The	 pCPQ	allows	 for	 standardized,	 unbiased	
symptom assessment during carbohydrate breath tests and there-
fore a valid diagnosis of carbohydrate intolerance. It may set an 
imperatively needed standard for the diagnosis of carbohydrate in-
tolerance and is suitable for the clinical setting of breath testing for 
therapeutic trials and research.
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