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Carbohydrate-induced gastrointestinal symptoms:
development and validation of a test-specific
symptom questionnaire for an adult population, the
adult Carbohydrate Perception Questionnaire

Johann Hammer?, Marc Sonyi®, Katrin M. EngeBer?, Guntram RiedI?, Stefan Luong? and Heinz F. Hammer®

Objectives Carbohydrate intolerances may affect a majority of the worlds-population but there is no validated, \
test-specific assessment of carbohydrate-induced symptoms during breath tests. We aimed to develop and validate a
questionnaire for evaluation and quantification of carbohydrate intolerance.

Methods A visual analog scale-questionnaire with five complaints (pain, nausea, bloating, flatulence, and diarrhea) was
designed. The time frame of symptoms was ‘current’ (for baseline symptoms) and ‘since filling out the last questionnaire’.
Validity was determined in focus-group style interviews and during breath tests in an original (n=342) and follow-up patient
groups (n=2338).

Results The questionnaire had good face validity, content validity ratio according to Lawshe was 1. Intraclass correlation
coefficients (n=195; 30-min’ interval) demonstrated excellent reliability (P<0.001), Cohen’s d (measure of effect size)

was small (<0.19 for each symptom). Convergent and discriminant validity were supported against patient interviews.
Questionnaire-derived results highly correlated with a medical interview (P<0.001; n=338). Responsiveness to change

was verified during breath tests despite small effect sizes (<0.32). Additional cross-validation and external validation studies
(follow-up in-house: n=182; external: n=156) demonstrated generalizability and identified relevant numbers of patients in
whom there was no co-occurrence of carbohydrate malabsorption and intolerance.

Conclusions The adult Carbohydrate Perception Questionnaire is a valid instrument for the assessment of gastrointestinal
symptoms after carbohydrate ingestion with excellent psychometric properties. It allows standardized, test-specific diagnosis
of carbohydrate intolerance and evaluation of the relation between malabsorption and intolerance. It shall be useful for future
studies on treatment of carbohydrate intolerance. Eur J Gastroenterol Hepatol XXX: 00-00
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Introduction

Ingestion of carbohydrates in amounts that exceed small
intestinal absorptive capacities can cause abdominal
symptoms. Malabsorbed carbohydrates reach the colon
where bacterial metabolism converts them into gases and
short-chain fatty acids [1,2] which are partly responsi-
ble for symptoms of carbohydrate malabsorption [3,4],
although carbohydrate-induced symptoms can also arise
without detectable malabsorption [5,6].

Breath tests are commonly used tools for the diagno-
sis of carbohydrate malabsorption by measuring hydro-
gen in exhaled air after ingestion of provocative doses
of carbohydrates such as lactose or fructose. These tests
are inexpensive, simple, well tolerated, and widely used.
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However, studies in which unvalidated symptom assess-
ments during breath tests were used have demonstrated a
discrepancy between malabsorption and development of
symptoms, that is, intolerance [5,7]. Therefore, the clinical
relevance of malabsorption without symptom assessment
is disputed [8-12], with some authors proposing a shift of
the clinical focus to evaluation of symptoms [10]. In fact,
the decision on starting treatment with diet or enzyme
replacement shall focus on carbohydrate-intolerance, and
not on malabsorption [13].

A prerequisite for diagnosing carbohydrate intoler-
ance is a valid, standardized evaluation of symptoms.
In the absence of unbiased symptom assessment, breath
hydrogen testing has been considered of limited value in
guiding dietary treatment as dietary restriction has let to
conflicting results [11,14]. While some guidelines recom-
mend the evaluation of symptoms during carbohydrate
challenge tests [12,15] others recognize the current lack of
effective symptom assessment in the absence of validated
scales [16].

Here, we describe the development and validation of a
self-administered symptom measurement questionnaire to
assess the severity and the type of abdominal symptoms
after an oral carbohydrate load, the adult Carbohydrate
Perception Questionnaire (aCPQ). The questionnaire
underwent a rigorous development and validation process
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including the implementation of the scale in large popula-
tion cohorts for internal and external validation. Our aim
was to overcome the lack of availability of standardized
and validated symptom assessment during carbohydrate
breath tests [17] to minimize bias and to develop a stand-
ard tool for the diagnosis of carbohydrate intolerance,
which may be used in studies evaluating pathophysiology
and treatment of patients with carbohydrate intolerance.

Methods
Questionnaire development

After literature search and initial focus group-style inter-
views given to patients who underwent breath hydrogen
(H,) testing and to five physicians and three technicians
experienced in breath testing, five relevant complaints
were identified and a questionnaire was constructed.

Adult Carbohydrate Perception Questionnaire

The symptoms evaluated were pain, nausea, bloating,
flatulence, and diarrhea in German language. Responses
were given on a 100-mm visual analog scale (VAS) with
the words ‘none’ at the left and ‘very severe’ at the right.
The time frame of symptoms was given as ‘current’ (for
baseline symptoms) and ‘since filling out the last question-
naire’ (for assessment after ingestion of the carbohydrate).

Study population

All patients studied underwent carbohydrate H,-breath
testing as part of the diagnostic workup of functional gas-
trointestinal disorders after ruling out organic disease as
clinically indicated. Some patients had tests with two dif-
ferent carbohydrates.

The initial cohort (Vienna-original group) consisted of
342 consecutive adult outpatients (46.8=0.9years; 211
female fructose: 7=147, lactose: n=195) from the Vienna
study center. The trial ran from March 2017 to June 2018.
Cross-validity and external validity were determined in
two follow-up populations for out-of-sample testing after
initial implementation of the questionnaire. Cross-validity
was assessed in a follow-up cohort (72=182; 122 female;
age: 43.8 + 1.3 years; fructose: n=98; lactose: 7=84) from
the same institution as the validation set (Vienna-cross
group). External validity was determined in a group from
the other study center (Graz-external group, n=156; 94
female; age: 40.2+1.5years; fructose: 7=98; lactose:
n= 84)

The study was approved by the institutional eth-
ics committees of the Medical Universities Vienna
(EKNr2049/2017) and Graz (EKNr29-467ex16/17).

Breath tests and scale administration

Breath tests were performed by experienced technical
assistants. Patients received standardized instructions
before the test. End-expiratory breath samples were col-
lected and analyzed for H, using GMI-H2-Analyzer
(Stimotron medical devices, Hamburg, Germany) in
Vienna and GastroCH,ECK Gastrolyzer (Bedfont Scient.
Ltd. Dr. Lahner, Anif, Austria) in Graz. The first alveo-
lar breath sample was collected at baseline before 25g
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fructose or 50 g lactose (Kwizda Pharma, Vienna, Austria)
was ingested. Breath samples were analyzed 30, 60, 120,
and 180 min after carbohydrate ingestion. An increase in
the exhalation of H, >20 parts per million (ppm) over
baseline was considered positive (i.e. malabsorption).

Patients were required to complete the aCPQ before
carbohydrate ingestion (baseline) and thereafter, concur-
rent with collection of breath samples. Patients were asked
to complete additional questionnaires 3 and 6 h after the
breath test was terminated and the patients had resumed
their daily routine. These two additional questionnaires
were delivered by mail or at the next visit. These addi-
tional questionnaires were provided by 220 patients
(Vienna-original group). A diagnosis of intolerance was a
priori defined as an increase of 220 mm over baseline of at
least one symptom assessed by the aCPQ during the 3h of
breath testing.

Questionnaire validation
Reliability

In 195 patients who underwent lactose challenge, test—re-
test reliability of the measure was assessed using the first
(filled out before lactose ingestion) and second question-
naire (filled out 30 min after lactose ingestion). Patients
undergoing fructose challenge were excluded from test-re-
test analysis, as symptoms arise earlier after fructose as
compared to lactose and may be present 30 min after fruc-
tose ingestion [5,7]. Test-retest reliability was established,
first, by evaluating the average within-patient change of
each symptom score over the 30-min’ interval (statistical
inference via the Wilcoxon signed-ranks test), and second,
by type C intraclass correlation coefficients [ICC (3,1)
(two-way mixed effects, consistency, single rater/measure-
ment for each item)]. The between-measure variance was
excluded from the denominator variance. Cohen’s d was
calculated as a measure of effect size.

Construct validity

A total of 80 patients (mean age+SEM: 47.7 = 1.8 years;
47 female) undergoing the carbohydrate breath test con-
sented to an interview during the breath test for detailed
assessment of face and content validity of the aCPQ. The
interviewers were blinded as to the result of the question-
naire and conducted the standard interviews after the 120-
min breath sample. For the assessment of face validity,
patients were asked five questions that could be answered
on a five-point ordinal scale (Table 1). For content validity
patients were asked to rate two statements by yes/indif-
ferent/no (Table 2). In an additional open question, the
patients were invited to note whether there are important
complaints that were not captured in the questionnaire.
Additionally, five experienced physicians were asked
whether they considered the questionnaire to cover all
essential symptoms (yes, moderate, and no) and the con-
tent validity ratio according to Lawshe [ 18] was calculated.
An end-of-breath-test interview was performed in the
Vienna-original group: patients were asked at the end of
the breath test to indicate whether or not they had expe-
rienced the following symptoms during the breath test:
pain, bloating, flatulence, and diarrhea. The interviewers
were blinded as to the result of the questionnaire. Pearson
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Table 1. Face validity (80 patients)

Yes Mostly yes Moderate Mostly no No

Is the questionnaire easy to understand? 69 (86.3%) 10 (12.5%) 1(1.3%) 0 (0%) 0 (0%)
Is it unambiguous and clear what is meant by the questions? 73 (91.3%) 7 (8.8%) 0 (0%) 0 (0%) 0 (0%)
Is it easy to answer the questions for complaints? 65 (81.3%) 13 (16.3%) 1(1.3%) 1(1.3%) 0 (0%)
Do you think that the questions ask for all relevant complaints? 44 (55.0%) 27 (33.8%) 8 (10.0%) 1(1.3%) 0 (0%)

Very easy Easy Moderate Difficult Very difficult
How difficult is it for you to grade the severity of symptoms? 61 (76.3%) 17 (21.3%) 2 (2.5%) 0 (0%) 0 (0%)
Table 2. Content validity (80 patients)

Yes Indifferent No

The essential symptoms are considered in the questionnaire 74 (92.5%) 6 (7.5%) 0 (0%)
| consider the questions useful to communicate my symptoms 70 (87.5%) 10 (12.5%) 0 (0%)

correlation analysis was performed and correlation coeffi-
cients between individual aCPQ score against the post-test
interview were used to determine convergent and discri-
minant validity. In order to determine concurrent valid-
ity, the interview was interpreted to be positive, that is, to
show sensitivity to (equivalent to intolerance for) the test
carbohydrate, if at least one (post-test interview 1+) or at
least 2 (post-test interview 2+) symptoms were reported
to have arisen during the test. Phi coefficient was calcu-
lated to evaluate the significance of correlation between
the dichotomous variables, post-test interview, and aCPQ.

Cronbach’s alpha was calculated as a measure of inter-
nal consistency after calculating the sum of each item
score over the observation period.

Responsiveness

To assess responsiveness to change after a carbohydrate
challenge in the Vienna-original group, a one-way-re-
peated analysis of variance- test (ANOVA) (Wilks—Lambda
test) was used to explore for difference in questionnaire
responses across subsequent tests and eta squared (1) was
reported as a measure of overall effect size. As a second
analysis step, symptom scores were compared between
each subsequent questionnaire (min 0 vs. 30; min 30 vs.
60; etc.) using Wilcoxon signed-rank tests. The whole
test period (min 0-540) was examined, each individual
symptom and a global symptom score were assessed. The
global symptom score was calculated for each participant
by summing each individual symptom score at different
time points. Only patients who reported symptoms during
the breath test at the post-test interview 2+ were included
in this analysis. Because each symptom arises at different
points in time and symptoms after fructose manifest ear-
lier than after lactose [3,7], we expected small effect sizes
determined by this across group test statistics. Individual
effect sizes from one time-point to the next were deter-
mined as Cohen’s d-value.

Generalizability and external validation

To test for generalizability of the validation data, the pro-
portion of patients with intolerance among malabsorb-
ers and the proportion of patients with malabsorption
among intolerant patients in the Vienna-cross and the
Graz-external groups were determined and compared to

the Vienna-original group by logistic regression analysis
before and after correcting for age, sex, and the carbohy-
drate used.

Statistical analysis

Statistical analysis was performed using SPSS 24 (IBM
SPSS Statistics for Windows, Version 24.0, released 2016,
IBM Corp; Armonk, New York, USA). Data are given as
mean = SEM or median (25th/75th percentile) as appropri-
ate. A P-value of <0.05 was considered significant.

Results
Test-retest reliability

When 195 patients were given the aCPQ twice, their
paired scores for the five symptom-items did not change
significantly (P-values >0.05 for all items,). Moreover, cor-
relation of items was highly significant. These results are
supportive of excellent agreement between occasions [19].
Values for Cohen’s d, in which values <0.4 are considered
small, were well inside the small range (Table 3). In sum-
mary, these data support test—retest reliability.

Construct validity
Face validity

The majority of patients interviewed (7 =80) perceived the
questionnaire as unambiguous and clear, easy to answer,
and relevant (Table 1). The questionnaire, therefore, has
strong face validity in that it was simple, easy to under-
stand and brief.

Content validity

The majority of interviewed patients (nz=380) considered
the content of the questionnaire to be useful and complete
(Table 2). The following additional symptoms were men-
tioned for possible relevance in a questionnaire: singul-
tus (1 patient), borborygmi (1), abdominal stinging (1),
constipation (1), headache (2), fatigue (1), nasal mucosal
irritation (1), and assessment of the quality of pain (1).
Content validity ratio according to Lawshe equaled 1,
which is excellent content validity.

The intercorrelations between items on the aCPQ were
low, suggesting a lack of redundancy of items (Table 4).
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Table 3. Test—retest reliability for the adult Carbohydrate Perception Questionnaire-items (n=195): paired symptom item scores obtained before

and 30min after lactose

Symptom-item Mean change? SDP Icce Pe Effect size (Cohen’s d)
Pain 0.05 15.16 0.51 0.85 <0.001 -0.003
Nausea 2.68 19.96 0.42 0.81 <0.001 -0.13
Meteorism 0.79 19.98 0.86 0.83 <0.001 -0.04
Flatulence 3.24 20.99 0.12 0.83 <0.001 0.15
Diarrhea 4.53 24.30 0.11 0.77 <0.001 0.19

abAverage within patient change (in mm, out of a maximal possible change of 100 in the VAS scale) and SD.

°P value from Wilcoxon signed-ranks test.
9ICC, intra-class correlation coefficient
P value from Pearson correlation.

Table 4. Intercorrelations between items on the adult Carbohydrate Perception Questionnaire (above) and correlation between adult

Carbohydrate Perception Questionnaire and the post-test interview (below)

aCPQ pain (yes/no) aCPQ nausea (yes/no)

aCPQ bloating (yes/no)

aCPQ flatulence (yes/no)  aCPQ diarrhea (yes/no)

aCPQ pain (yes/no) 1.000 0.261 0.567 0.321 0.184
aCPQ nausea (yes/no) 1.000 0.328 0.209 -0.081
aCPQ bloating (yes/no) 1.000 0.409 0.104
aCPQ flatulence (yes/no) 1.000 0.097
aCPQ diarrhea (yes/no) 1.000
Post-test evaluation pain 0.341 0.130 0.222 0.251 0.059
Post-test evaluation bloating 0.321 0.186 0.334 0.282 0.059
Post-test evaluation flatulence 0.288 0.201 0.281 0.344 0.089
Post-test evaluation diarrhea 0.280 0.108 0.222 0.234 0.496
aCPQ, adult Carbohydrate Perception Questionnaire.
. m2= -
Table 5. Concurrent validity (342 patients) P<0.001; 7*=0.19). When symptom‘ scores were com
— . — pared between each subsequent questionnaire (min O vs.
Positive Negative Missing data Sum 30; min 30 vs. 60; etc.), significant changes were observed
Post-test interview 1+ at different time points for each individual symptom.
aCPQ
Positive 134 35 1 170 . . . .
Negative 65 104 3 172 Generalizability and external validation
sum 199 189 4 %2 1In the ‘Vienna-original’ group, 42.7% (n=146 of 342
Post-test interview 2+ . . . . ..
aGPQ patients) were diagnosed with malabsorptlop (positive
Positive 123 46 1 170 breath-H, test) and 52.4% (n=179) with intolerance
Negative 36 133 3 172 s . o _ :
S 159 179 . 340 (positive aCPQ); 28.4% (n=97) had both malabsorption

Correlation between the aCPQ and an interview after the breath test. The inter-
view was positive, equivalent to intolerance for the test solution if at least one
(post-test interview 1+) or at least 2 (post-test interview 2+) symptoms were
reported to have arisen during the test.

aCPQ, adult Carbohydrate Perception Questionnaire.

Convergent and discriminant validity

All the symptoms in the aCPQ correlated highest with
the same symptom in the post-test interview, supporting
convergent and discriminant validity (Table 4). The post-
test interview correlated significantly with the result of the
aCPQ (phi statistic P<0.001; concurrent validity); this
was independent of whether at least one or at least two
symptoms were considered as positive (Table 5).

Cronbach’s alpha was 0.85, indicating good internal
consistency.

Responsiveness to change

The ANOVA test statistic was <0.001 for global symp-
tom scores indicating one or more significant changes of
symptom severity during the observation; the effect size
n* was 0.22 (Table 6). Likewise, ANOVA was significant
for changes of severity for each individual symptom (pain
P=0.002; n>=021; nausea P=0.01; n>=014; meteorism
P=0.007;7>=0.17; flatulence P<0.001; >=0.22; diarrhea

AND intolerance, 24.0% (7=82) had intolerance only,
and 14.3% (n=49) had only malabsorption but no intol-
erance (Table 7).

The ‘Vienna-cross’ group comprised more fructose tests
(54%; P=0.02) and was younger (43 =1.3years; P=0.05)
than the ‘Vienna-original’ group. The percentage of
patients diagnosed with intolerance AND malabsorption,
only intolerance or only malabsorption was comparable
in both ‘Vienna’ groups before and after correcting for
age, sex, and carbohydrate tested (NS).

The ‘Graz-external’ group was younger (40=1.5years;
P<0.001) than the ‘Vienna-original’ group. The per-
centage of patients diagnosed with intolerance AND
malabsorption, only intolerance or only malabsorption
was comparable in ‘Graz-external’ and ‘Vienna-original’
before and after correcting for age, sex, and carbohydrate
tested (NS).

Discussion

We have validated the aCPQ, a questionnaire developed
to assess the presence and severity of abdominal symp-
toms after ingestion of poorly absorbable carbohydrates.
The validation followed previously established procedures
[20]. The aCPQ was shown to have excellent psychomet-
ric properties and a minimal burden on the patient and
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Table 6. Responsiveness of the questionnaire after a carbohydrate challenge

Minutes (mean + SD) 0 30 60 120 180 360 540

Global Sx score 68.0+72.6 71.6+77.0 69.4+78.0 76.8+88.4 70.6+89.0 91.9+98.5 76.3+89.4
P (global Sx) 0.006 0.20 0.001 0.004 0.03 <0.001
Cohen’s d 0.05 0.03 0.09 0.07 0.24 0.16

Pain score 15.2+18.8 17.6+£21.2 17.3+21.0 17.0+22.4 15.4+22.3 19.0£24.7 15.7+£21.8
P 0.001 0.19 0.50 0.004 0.59 <0.001
Cohen’s d 0.13 0.02 0.01 0.07 0.16 0.13

Nausea score 9.3£17.3 12.4£20.0 10.9+19.2 10.4+18.8 8.9+18.1 8.9+£17.4 7.7£16.6
P 0.001 0.06 0.96 0.001 0.07 0.23
Cohen’s d 0.18 0.08 0.03 0.08 0.00 0.07

Meteorism score 19.9+23.5 20.2+23.9 20.7+24.3 21.3+25.3 19.7+25.4 23.7+26.5 20.1+25.2
P 0.69 0.50 0.6 0.02 0.01 <0.001
Cohen’s d 0.01 0.02 0.02 0.06 0.15 0.13

Flatulence score 16.9+23.9 14.2+21.8 14.8+22.3 17.1+23.9 16.4+24.2 22.3+28.0 19.3+25.1
P <0.01 0.46 0.02 0.29 <0.001 0.05
Cohen’s d 0.11 0.03 0.10 0.03 0.25 0.11

Diarrhea score 8.9+20.0 7.9+20.3 8.9+21.2 11.8+24.9 9.9+23.2 17.3+29.0 11.4+24.0
P 0.32 0.42 0.01 0.03 <0.001 <0.001
Cohen’s d 0.05 0.05 0.14 0.08 0.32 0.20

Exploration of the difference in rating of symptom severity across subsequent tests by 342 patients. Secondary analysis was performed after primary one-way-
repeated ANOVA test statistic confirmed one or more significant differences during the observation time.

Global Sx, global symptoms; P values (Wilcoxon singed-rank test) and Cohen’s d for the comparisons between the two nearest time points (min 0 vs. min 30; min
30 vs. min 60; etc). Significant increases of symptom scores from one time-point to the next are tagged bold.

Table 7. Number of patients with positive or negative hydrogen
breath tests (malabsorption) and adult Carbohydrate Perception
Questionnaire (intolerance) in the Vienna-original group (a), the Vienna-
cross group (b), and the Graz-external group (c)

Malabsorption

A, Vienna-original group (n=342)

Intolerance

No Yes Sum
No 114 49 163
Yes 82 97 179
Sum 196 146 342
B, Vienna-cross group (n=182)

No Yes Sum
No 79 26 105
Yes 38 39 77
Sum 117 65 182
C, Graz-external group (n=156)

No Yes Sum
No 59 18 77
Yes 39 40 79
Sum 98 58 156

resources, as it is brief and easy to administer, fill out,
score, and interpret.

The need for a validated instrument has evolved from
the clinical importance assigned to the validated diag-
nosis of carbohydrate intolerance and the evaluation of
treatment effects on one hand [12,15,16], and from the
lack of available validated symptom questionnaires on the
other hand. Intolerance of carbohydrates, among them
lactose, has the potential to afflict the majority of world
population [21]. Past symptom assessments were mostly
non-standardized and may have been subject to doctor-
and patient-related biases [7,9,22-24], which limit the con-
fidence on reported results. The only questionnaire related
to carbohydrate-induced symptoms that have somehow
been validated in the past [25] has been designed to screen
patients for a lactose breath test and included vomiting in
a summation score, a symptom hardly useful in carbohy-
drate-induced perception; thus, this scale has not found
far-reaching dissemination.

The aCPQ was developed by gastroenterologists
who have a longstanding experience in carbohydrate

malabsorption and intolerance [1-5,8] and the devel-
opment of questionnaires [5,26]. The questionnaire was
developed after focus group-style interviews with target
group representatives, that is, patients with suspected car-
bohydrate malabsorption or intolerance, and a literature
search. Testing of the questionnaire in large patient cohorts
included validation of its reliability, different aspects of
construct validity, and external validation.

Key properties of a symptom-assessment instrument
are its reliability and validity in the population to be stud-
ied. Our study population represented patients referred
for evaluation of gastrointestinal symptoms suggestive of
carbohydrate intolerance after organic disorders had been
ruled out. According to our a priori definitions, 43% of
patients had malabsorption as demonstrated by a positive
breath-H, test; 66% of these patients had carbohydrate
intolerance and 34% had no symptoms of intolerance.
Intolerance, as defined by a positive aCPQ test, was diag-
nosed in 52% of patients; only 54% of intolerant patients
had malabsorption, whereas 46% of intolerant patients
had no malabsorption (no H,-increase >20 ppm).

Although the absence of a significant increase in breath
hydrogen in patients with intolerance may be partly due
to hydrogen-nonexcretion which occurs in up to 20%
of patients [27], a significant proportion of intolerant
patients remain in whom symptoms cannot be explained
by hydrogen-nonexcretion. Hydrogen-nonexcretion is
due to activity of methane or sulfide producing colonic
bacteria [28]. We have not measured breath-methane and
have not quantified breath-CO, to adjust for non-alveolar
dilution of exhaled air [17] which may have accounted
for some ‘false negative’ hydrogen tests. However, the
proportion of patients with isolated elevation of methane
is small, and combined measurement of H, and methane
has shown comparable results with respect to a poor asso-
ciation between malabsorption and clinical symptoms
[4,7,16].

We have assessed several types of validity in this study.
Construct validity was confirmed by correlation with the
results of blinded physicians’ interviews, reliability was
established by applying the test twice. The time frame was
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chosen to be short enough to avoid instability of abdom-
inal symptoms caused by carbohydrates 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 intentionally duplicate the questionnaires. Cronbach’s
alpha, a commonly used measure of internal consistency,
equaled 0.85, which is generally regarded as good [29].
Although Cronbach’s alpha is not necessarily relevant, as
the aCPQ is only reported as single items, future studies
may show that a total or average score of gastrointestinal
symptoms severity might be of clinical relevance.

The aCPQ allows for the determination of both the
quality and severity of abdominal symptoms after a car-
bohydrate challenge. A VAS was used for the scaling of
symptom severity. The documented benefits of VAS scal-
ing in gastrointestinal and extra-gastrointestinal diseases
highly outweigh the potential problems [30-32]. Several
established questionnaires measure gastrointestinal symp-
toms using a VAS approach, such as the symptom sever-
ity scale (Francis et al 1997) or the VAS-IBS (Bengtsson
et al. 2011). While these scales assess symptoms on a
medium-term timeframe (ten to 14 days), the aCPQ
needs responsiveness, which is the ability of the ques-
tionnaire to detect changes over time, in the short-term.
Responsiveness was demonstrated for each symptom in
patients who retrospectively reported the manifestation of
symptoms during the 3 h of the breath test.

The specific symptom that led to the diagnosis of intol-
erance differed widely among subjects and often more
than one symptom increased by >20mm over baseline
during the course of the breath test, with flatulence (50%)
and pain (47%) being the most frequent individual symp-
toms leading to the diagnosis of intolerance.

The combination of breath tests with an unbiased
symptom assessment identifies four different entities after
a carbohydrate load: (1) malabsorption plus symptoms,
(2) malabsorption only, (3) symptoms only, and (4) none
of the above. While in the past carbohydrate challenges
and breath tests have focused on malabsorption, recent
data suggest that it is not malabsorption but symptom
development which is of superior clinical relevance [5,10]
including starting treatment [15].

It has been suggested that the term ‘carbohydrate intol-
erance’ should be replaced by ‘sensitivity to the carbohy-
drate’ or ‘carbohydrate hypersensitivity’ [5], as there is
confusion regarding the term ‘carbohydrate intolerance’
the term intolerance has often been used indiscriminately
in the context of carbohydrate malabsorption, encom-
passing both malabsorption with or without documented
symptoms. Data accumulate that suggest that carbohy-
drate-induced symptoms are mainly due to visceral hyper-
sensitivity [5,7]; thus, ‘carbohydrate hypersensitivity’
expresses the link to visceral hypersensitivity, which is an
established term in functional gastrointestinal research
[33].

In summary, we have developed a novel instrument, the
aCPQ, which allows for standardized, unbiased assessment
of symptom severity during carbohydrate breath tests and
therefore allows a valid diagnosis of carbohydrate intol-
erance. The questionnaire is available in German and will
have to undergo a standard translation process before it
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is valid to use in other languages and cultures [34]. It may
set an imperatively needed standard for the diagnosis of
carbohydrate intolerance and is suitable for clinical test-
ing and therapeutic trials and research.
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