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Abstract

There is a lack of recognised markers for measuring gastrointestinal (GD) well-being and digestive symptoms in the general population.
The aim of the present study was to demonstrate construct validity of a global assessment tool of GI well-being. In this randomised
double-blind study, 197 adult women consumed either a probiotic fermented milk or a control dairy product daily during 4 weeks.
GI well-being was assessed weekly using a single question and subjects indicated whether their GI well-being remained the same,
improved or worsened compared with the baseline period. Responders for GI well-being were subjects reporting improvement for at
least 2 weeks of the 4 weeks of intervention. Frequency of individual digestive symptoms was assessed weekly. Health-related quality
of life (HRQoL) was measured at baseline and at the end of the study. Subjects reporting improvement of their GI well-being had a
significantly (P<0-05) lower frequency of combined digestive symptoms than individuals with no change, whereas subjects with worsened
GI well-being had a significantly (P<0-05) higher digestive symptom frequency. Number of weeks with reported GI well-being improve-
ment was significantly (P<0-05) correlated with the decrease in digestive symptoms (r 0-58) and the HRQoL digestive comfort dimension
(r 047). When compared with non-responders, responders had significantly (P<0-0001) fewer average digestive symptoms and higher
scores on digestive comfort of the HRQoL questionnaire. The data provide construct validity for a single-item questionnaire as a measure
of GI well-being improvement. These data support the use of this questionnaire as an end point for nutritional intervention in the
general population.
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and, consequently, this population is a good and relevant
study group for efficacy trials aimed at changing GI discomfort

Maintaining a healthy lifestyle including a healthy diet is
important to support good health in humans. Digestive

functions play a key role in maintaining or improving health
status. In its guidance on health claims related to gut and
immune function, the European Food and Safety Agency
indicates that reducing gastrointestinal (GI) discomfort is con-
sidered as an indicator of improved GI function, and is a
beneficial physiological effect’”. The efficacy of probiotics or
prebiotics/fibres on GI discomfort or well-being has been
assessed during the last decade primarily in studies of patients
with irritable bowel syndrome (IBS)(ZJ")‘ In the absence of
validated biomarkers, patient-reported outcomes (PRO) based
on the patient’s self-report are the standard used to determine
the efficacy of these products on GI discomfort as well as on
digestive symptoms.

The primary population targeted for dietary change and
potentially beneficial food products is the general population,

or well-being. Designing such trials is challenging because
almost all clinical trials to date have been performed in IBS
patients defined according to the Rome criteria®®. Patients
with IBS have generally been considered as an appropriate
study group to substantiate claims on GI discomfort intended
for the general population‘”. Although some digestive symp-
toms as well as alterations of bowel function are common in
the general populationm_m), there are significant differences
in the type, severity and presentation of GI problems between
those with IBS and the general population. For example, while
IBS is characterised by abdominal pain and/or discomfort,
digestive symptoms in the general population are less frequent
and severe, and rarely include pain. On the other hand, pre-
dominant symptoms in non-patients include non-painful
symptoms such as bloating, flatulence and borborygmi‘®”.

Abbreviations: FBA, Food and Benefits Assessment; GI, gastrointestinal; HRQoL, Health-related quality of life; IBS, irritable bowel syndrome; PGWBI,
Psychological General Well-Being Index; PRO, patient-reported outcome.
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Given these differences, it is unlikely that a PRO developed for
the assessment of symptom improvement in IBS is appropriate
for the assessment of improvement in mild GI discomfort and
of GI well-being improvement in the general population.
However, valid PRO are needed given the growing interest
in testing products for the general population targeting GI dis-
comfort or wellness.

In the general population with less frequent and less severe
symptoms, the target of a food intervention is to improve the
overall sensation of GI comfort or well-being. An overall
assessment may allow individuals to use their own weighting
of the importance of various aspects of GI comfort or well-
being in determining the degree of change (improved,
unchanged or worse). Due to the absence of a predominant
symptom in this broad population, we hypothesised that
people within the general population are more able to sum-
marise adequately their symptom experience in a global
single item than IBS patients, making the content validity of
the global assessment more likely. A PRO measuring this con-
cept must capture both improvement and worsening to ensure
the absence of side effects of the food intervention that may
occur with some fibres, for example. Overall binary assess-
ment (e.g. adequate relief with yes/no modalities) that was
extensively used in IBS trials was criticised for the absence
of measuring worsening(”).

There are no specific guidelines for developing PRO for food-
related studies. In the absence of available valid and reliable
PRO for measuring GI well-being or comfort in the general
population, an overall assessment of GI well-being was devel-
oped using a three-point scale (improved, unchanged or
worse)'?. This instrument was shown to be able to capture
the beneficial effect of dairy products with probiotics in the
non-IBS general population?.

In the present study, we explored the properties of this PRO
end point in a non-IBS general population and compared
changes in GI well-being with the change in a composite
score of frequency of digestive symptoms, bowel function
and health-related quality of life (HRQoL).

Materials and methods
Study protocol and study subjects

The study was single-centre (Harrison Clinical Centre, Munich,
Germany), randomised, double-blind, controlled, parallel-
group design assessing the effect of a 4-week daily
consumption of a fermented dairy product with probiotic v. a
non-fermented dairy product with no probiotic (control group).

The study design, and inclusion and exclusion criteria of
subjects have been described in detail in Guyonnet et al.*?.
All subjects were women, aged 18—60 years, with normal
weight or overweight (BMI 18—30kg/m?) without a diagnosis
of any digestive disease or systematic disease. Patients with
IBS or any functional GI disorder were excluded as well as
individuals under medications for digestive symptoms or
with lactose intolerance. Subjects who took antibiotics
within the month before the inclusion visit were not included.

Subjects must have bowel frequency within the normal range
(3-21 bowel movements per week).

During a 2-week baseline period, baseline values were
obtained for the outcome parameters with a weekly
assessment of frequency of digestive symptoms (abdominal
pain/discomfort, bloating, flatulence/passage of gas and
borborygmi/rumbling stomach), bowel function (bowel move-
ment and stool consistency) and HRQoL. Only subjects having
a mean composite score for the frequency of digestive symp-
toms between 2 and 12 (score ranging from 0 (none of the
four symptoms) to 16 (all symptoms every day)) during this
baseline period were randomised. Subjects had bowel move-
ment frequency within the normal range (3—-21 per week).
This allowed recruiting subjects among the general population
experiencing a minimal level of digestive symptoms and who
could benefit from the food intervention.

Randomised subjects consumed either two 125 g servings of
a fermented dairy product with probiotic or a control dairy
product daily during 4 weeks. The fermented dairy product
with probiotic contained Bifidobacterium lactis (strain no.
1-2494 in the French National Collection of Cultures of Micro-
organisms (CNCM, Paris, France)), referred to as DN-173 010
in previous publications such as in the Guyonnet et al?
paper, together with the two classical yogurt starters, Streptococ-
cus thermophilus (CNCM strain no. 1-1630) and Lactobacillus
delbrueckii subsp. bulgaricus (CNCM strain no. 1-1632 and
1-1519), and Lactococcus lactis ssp. lactis (CNCM strain no.
I-1631). The test product contains 1-25 X 10" colony-forming
units/cup of B. lactis CNCM 1-2494/DN-173 010 and 1-2 X 10°
colony-forming units/cup of S. thermophilus and Lactobacillus
delbrueckii subsp. bulgaricus. The control dairy product was a
milk-based non-fermented dairy product without probiotics
and with a lactose content of <4 g/cup, which is similar to the
content of lactose in the test product. These two products had
a similar appearance, texture and taste.

Subjects were not allowed to consume any probiotic food or
supplement and fermented dairy product other than those
provided for the intervention period.

The study protocol was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Committee
Bayerische Landesaerztekammer (Munich, Germany). All volun-
teers gave written informed consent before inclusion in the study.

Overall gastrointestinal well-being

GI well-being was self-evaluated by subjects weekly during
the 4 weeks of product consumption. This scale was adapted
from a scale developed by Guyatt et al.'®. Subjects assessed
the changes in their GI well-being with the following
question: ‘How do you consider in the past 7d, your GI
well-being (intestinal transit, stool frequency and consistency,
abdominal pain/discomfort, bloating, flatulence/passage of
gas, borborygmi/rumbling stomach) compared to the period
before beginning the consumption of the study product?’.
In order to have a simple instrument and decrease ambiguity
in the subject’s assessment, a three-point Likert scale was
used to report changes (improved, unchanged or worse) in
GI well-being. The fifteen-point answer option of the original
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Guyatt global assessment was considered as inappropriate to a
population with mild digestive symptoms, i.e. seven-point
(=7 to — 1) for subjects answering ‘worse’ and seven-point
(+1 to +7) for subjects answering ‘improved’. Specifically,
the concern was that subjects with and infrequent symptoms
would not be able to reliably discriminate GI well-being
using such a fine-grained scale.

Overall GI well-being improvement for the study period
was calculated as the number of weeks rated as ‘improved’
during the 4-week period of intervention (range 0—4).

As recommended in guidelines for the design of treatment
trials for functional GI disorders'®
as a responder or a non-responder for GI well-being that
was used as the primary end point in the intervention
trial*®. The definition of a responder must reflect a clinically
meaningful improvement for each participant. In the absence

, each subject was classified

of consensus on what constitutes a clinically meaningful
improvement, the pre-specified definition of a responder
was based on the recommendations for the global assessment
of symptom relief in IBS trials"®.

A responder was defined as a subject having an improve-
ment in their GI well-being, i.e. answering ‘improved’ on the
three-point Likert scale, on at least 2 weeks over the 4-week
period of product consumption. Recent guidelines for defining
responders for abdominal pain in IBS suggest possible use
9 In the present analysis,
an alternative responder definition, another definition of a
responder including no rating of ‘worsening’ at any week
during the 4-week period of product consumption, was there-
fore used to perform exploratory sensitivity analysis.

of a ‘no worsening’ condition

Digestive symptoms

The frequency of four individual digestive symptoms (abdomi-
nal pain/discomfort, bloating, flatulence/passage of gas and
borborygmi/rumbling stomach) was evaluated weekly with
five-point Likert scales that range from 0 (never) to 4 (every
day of the week) throughout the study. A composite score
of all symptoms was calculated ranging from 0 to 16.

Stool frequency and consistency

Bowel movements were reported daily throughout the study
as well as stool consistency for each stool passed according
to the Bristol Stool Form Scale'®. In order to assess the nor-
malisation of stool consistency, scores of stool consistency
were recoded as follow: 0 = type 4 (like a sausage or snake,
smooth and soft); 1 =types 3 (like a sausage but with
cracks on surface) and 5 (soft blobs with clear-cut edges);
2 = types 2 (sausage shaped but lumpy) and 6 (fluffy pieces
with ragged edges, a mushy stool); 3 =types 1 (separate
hard lumps like nuts, difficult to pass) and 7 (watery, no
solid pieces, entirely liquid).

Health-related quality of life questionnaires

HRQoL of subjects was assessed by self-administration of
two questionnaires: the Food and Benefits Assessment

(FBAY'” and the Psychological General Well-Being Index
(PGWBD"®. The questionnaires were completed at baseline
and after 4 weeks of product consumption.

The FBA questionnaire comprises forty-one items, making it
possible to calculate scores for seven dimensions (snacking,
vitality, well-being, physical appearance, aesthetics, digestive
comfort and disease prevention). The scores range from 0 to
100 (best).

The generic questionnaire PGWBI measures psychological
well-being and distress, and is composed of twenty-two
items that constitute six dimensions (anxiety, depression,
self-control, positive well-being, general health and vitality).
The scores of all dimensions can be summarised to provide
a global score™. The scores range from 0 to 100 (best).

The FBA digestive comfort dimension score and the
PGWBI global score were defined as the main scores for
HRQoL analysis. Other dimensions of both questionnaires
were considered as secondary HRQOL criteria.

Statistical analyses

All the analyses were carried out on the intention-to-treat
population. At baseline, descriptive statistics were done
(mean, standard deviation and CI with a risk fixed at 5%)
on digestive symptoms, composite score, stool frequency
and consistency, digestive dimension of the FBA questionnaire
and the PGWBI, age and BMI.

The change from baseline, at each week, was calculated for
digestive symptoms, composite score, stool consistency and
frequency.

For each week and by the degree of GI well-being
(improved, unchanged or worse), the mean change of each
previous outcome was calculated.

By week and over the 4 weeks of product consumption, a
comparison of the mean change of the outcomes was carried
out between degrees of GI well-being. An ANOVA followed
by a Tukey—Kramer adjustment test, to take into account the
multiplicity of tests, was used to test for statistical differences.

For each subject, the number of weeks rated as ‘improved’
for overall GI well-being during the 4-week period of interven-
tion was counted, allowing classification of subjects in five
groups corresponding to 0, 1, 2, 3 or 4 weeks with ‘improved’
overall GI well-being. For each group, the mean and standard
deviation of digestive symptom, composite score, the four indi-
vidual digestive symptoms, stool consistency and frequency,
and HRQoL responses were calculated at baseline. The corre-
lation between the number of weeks of improvements and
the other outcomes was evaluated with a Spearman correlation
coefficient (non-parametric correlation test).

A similar analysis was carried out on the mean change
from baseline of the different outcomes and the number
of weeks of GI well-being improvement over the 4 weeks (0—4
weeks) and the overall GI well-being responder status (yes/no).

In addition to the aforementioned primary analyses, two
exploratory analyses were also performed to further examine
potential clinical utility of the instrument.

The first one consists to cross the overall GI well-being
responder status and digestive symptom responder status.
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Table 1. Baseline characteristics of the subjects
(Mean values and standard deviations, n 197)

Mean sD
Age (years) 32:21 9-83
BMI (kg/m?) 23.22 2.60
Abdominal pain/discomfort* 1.02 0-75
Bloating* 2.05 0-82
Flatulence* 2.48 0-84
Borborygmi* 1.58 0-91
Composite scoret 714 2-18
Stool frequencyt 7-28 3-01
Stool consistencyt 1.29 0-55
FBA — digestive comfort§ 65-4 12.9
PGWBI§ 732 1.7

FBA, Food and Benefits Assessment; PGWBI, Psycho-
logical General Well-Being Index.

*Frequency of symptom, score O (never) to 4 (every day
of the week). Values represent the two weekly assess-
ments during baseline.

1 Sum of individual symptoms, score 0—16.

FAdapted from the Bristol Stool Form Scale: 0 (type 4);
1 (types 3 and 5); 2 (types 2 and 6); 3 (types 1 and 7).

§ Score from 0 to 100 (best).

A digestive symptom responder was defined on the follow-
ing definition: (1) a subject having a decrease of at least 30 %
from baseline in the weekly mean score of the composite
score of digestive symptoms for at least 2 of the 4 weeks of
product intervention; (2) a subject having no worsening
from baseline at any weekly composite score of GI symptoms.
The 30 % threshold decrease was chosen according to the last
Food and Drug Administration’s IBS guideline describing this
threshold for abdominal pain.

A contingency analysis followed by Fisher’s exact test and
k coefficient was carried out to evaluate the concordance

between overall GI well-being responders and digestive
symptom responders.

A discriminate partial least square regression was done to
assess the second exploratory aim: determination of the contri-
bution of the different symptoms (abdominal pain, bloating,
flatulence and borborygmi), stool frequency and stool consist-
ency to the improvement of GI well-being (responder status:
yes/no).

The software used to manage data was the SAS System
package (SAS Institute, Inc.) version 9.2 and to carry out the
statistical analysis was JMP (SAS Institute, Inc.) version 8.

Results
Subject characteristics

From the 217 subjects included in the run-in period, 202 were
randomised in the 4-week daily consumption of a fermented
dairy product with probiotic v. control product. Table 1
describes the baseline data of the 197 randomised subjects
retained for the analyses (five subjects had a premature with-
drawal with no evaluable data). All subjects were female
with a mean age of 322 (18-59) years. The highest score
(i.e. more frequent) for digestive symptoms was flatulence
(2:48 (sp 0-84)) and the lowest abdominal pain/discomfort
(1-02 (sp 0-75)). Subjects reported normal bowel movement
frequency of approximately once per d (7:28 (sp 3-01)).

Gastrointestinal well-being changes and relationship to
the other outcomes

The associations between weekly changes in the overall
assessment of GI well-being and changes in the other

Table 2. Association between different changes in gastrointestinal well-being (improved, unchanged

or worse) and other parameters
(Mean values and standard deviations)

Change in diges-
tive symptom

Change in stool

Change in stool

composite score*t consistencyt frequencyt
n Mean SD Mean SD Mean SD

Week 1

Improved 58 -2.712 2.12 —0-242 0-57 1.632 3.12

Unchanged 114 —-0-60° 1.76 —-0-102 0-48 0-572 1.99

Worse 25 1.80° 2.54 0-16° 0-60 1.382 2.46
Week 2

Improved 74 -3.082 2.39 -0-36° 0-51 1.45% 2.70

Unchanged 106 —-1.09° 2.40 -0-09%° 0-48 0-64° 2.18

Worse 17 1.56° 2.24 0-132 075 0-82° 312
Week 3

Improved 74 —3-462 2.19 -0-372 0-57 1.242 2.71

Unchanged 101 —1.36° 2.26 —-0-212 0-56 0-85° 2.30

Worse 22 0-86° 2.36 -0-192 0-45 0-612 2.43
Week 4

Improved 82 —3.822 2.24 —0-462 0-57 1.382 2.78

Unchanged 98 —-1.50° 2.19 -0-182 0-54 0.772° 2.35

Worse 17 1.56° 2.77 0-31° 0-52 2.41° 6-29

abc\ean values with unlike superscript letters were significantly different (P<0-05; pair comparison, Tukey—Kramer

test).

* Digestive symptom composite score is the sum of the weekly assessment of the four individual intestinal symptoms

(abdominal pain, bloating, flatulence and borborygmi). Score from 0 (never) to 16 (every day of the week).

1 Changes in digestive symptom composite score, stool consistency and stool frequency at each week are calculated

v. baseline values.
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Table 3. Mean values and correlations between the number of weeks with improved gastrointestinal (Gl) well-being and the average
change in the other outcome measures

(Mean values and standard deviations, n 197)

Digestive symp-

tom composite Stool Stool FBA — diges-

scoret consistencyt frequencyt tive comfortt PGWBIt
n Mean SD Mean ) Mean sD Mean ) Mean SD

Improved Gl well-beingt

0 week 63 -0-19 1.59 -0-07 0-43 0-24 1.42 2.51 114 3-61 8-45

1 week 47 -1.35 2.15 —-0-12 0-36 1.40 1.77 6-56 11-6 3-81 9.55

2 weeks 37 -2-20 1.70 —0-21 0-36 1-11 2.04 10-1 12.0 317 7-87

3 weeks 33 -3.04 1.91 —0-45 0-49 1.7 2.35 17-3 107 6-96 10-74

4 weeks 17 —4.04 2-40 —0-44 0-50 1.21 3-38 20-6 16-1 4.22 12.21
Correlations —0-58*** —0-28*** 0-25** 0-46*** 0-10

FBA, Food and Benefits Assessment; PGWBI, Psychological General Well-Being Index.
Correlations between the number of weeks of Gl well-being improvement and the other parameters were significant (Spearman’s non-parametric test): ** P<0-001,

1267

*** P<0-0001.

1 Outcome measure changes are calculated using the mean change over the 4-week period of intervention v. baseline values.
$Number of weeks with improved Gl well-being during the 4 weeks of intervention.

outcomes are shown in Table 2. Regardless of the time point
in the study, subjects reporting improved GI well-being had
significantly larger decreases in the composite score of
digestive symptoms than subjects with unchanged or worse
GI well-being.

The unchanged group had also decreases in composite score,
whereas the worsened group experienced increased composite
score, these two groups also being significantly different.

For stool frequency and consistency, differences were only
found between those rating their GI well-being as improved
and worsened at week 2 for consistency and at week 4 for
both consistency and frequency.

There was a significant (P<<0-0001) correlation between the
number of weeks of GI well-being improvement and mean
changes in the composite score of digestive symptoms
(—0-58) and scores on the digestive comfort dimension of the
FBA questionnaire (—0-46) (Table 3). Correlations with stool
consistency and frequency were also significant, although
modest (—0-28 and 0-25, respectively). The mean changes
over the 4-week period of intervention for each individual
significantly  (P<0-0001)

digestive symptom were also

correlated with the number of weeks rated as ‘improved’ for
GI well-being (Table 4). These correlations were all inferior to
the correlation of the composite score, with flatulence showing
the highest correlation (—0-50).

Comparison of gastrointestinal well-being scores between
responders and non-responders

Subjects who were responders to GI well-being assessment
when compared with non-responders had clearly better GI
health status as shown by a significantly greater improvement
in the composite score of digestive symptoms (P<0-0001,
—38:5% in the responder group v. —9-9% in the non-respon-
der group; Table 5). A significantly greater improvement in
bowel function (stool frequency, P<0-0001 and consistency,
P<0-05) was also observed for the responder group compared
with non-responders as well as a greater improvement in
HRQOoL from the digestive comfort dimension of the FBA ques-
tionnaire (P<<0-0001). Sensitivity analysis with a more strict
definition of responders (i.e. without worsening at any week)
showed similar data (decrease in digestive symptoms:

Table 4. Mean values and correlations between the number of weeks with improved gastrointestinal (Gl) well-being and the average

change in individual digestive symptoms
(Mean values and standard deviations, n 197)

Abdominal pain/ Bloating Borborygmi
discomfort scoret scoret Flatulence scoret scoret
n Mean SD Mean sSD Mean SD Mean sD
Improved Gl well-beingt
0 week 63 —0-04 0-53 -0-14 0-62 0-04 0-52 —0-04 0.77
1 week 47 -0-26 0-71 —0-49 0-83 —-0-24 0-81 -0-32 0-70
2 weeks 37 -0-34 0-47 —0-86 0-62 -0-59 0.78 -0-40 0-69
3 weeks 33 —0-66 0-65 -0-83 0-56 —-0-78 0.77 -0-77 0-69
4 weeks 17 —-0-84 0-87 -1-10 1.04 —-1.21 0-88 -0-90 0.75
Correlations —0-38** —0-42** —0-50** —0-39"*

Correlations between the number of weeks of Gl well-being improvement and the other parameters were significant (Spearman’s non-parametric test):
*** P<0-0001.

1 Outcome measure changes are calculated using the mean change over the 4-week period of intervention v. baseline values.

3 Number of weeks with improved Gl well-being during the 4 weeks of intervention.
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Table 5. Comparison of outcome measures in gastrointestinal (Gl) well-being responders and non-responders

(Mean values and standard deviations)

Digestive symp-

tom composite Stool Stool FBA — digestive
scoret consistencyt frequencyt comfortt PGWBIt
n Mean SD Mean SD Mean SD Mean sD Mean sD

Responder Gl well-beingt
Yes 87
No 110

—2.88* 2.03

—0-68 1.93 —0-09

—0-34*

0.45 1.38* 2.45 14.88** 13-00 4.82 9-98
0-40 0-74 1.67 4.24 11.61 369 8-90

FBA, Food and Benefits Assessment; PGWBI, Psychological General Well-Being Index.

Mean values were significantly different compared with the non-responder group (t test): * P<0-05, ** P<0-0001.
1 Changes are calculated using the mean change over the 4-week period of intervention v. baseline values.
1 A responder is defined as a subject reporting an improvement of its Gl well-being during at least 2 weeks of the 4 weeks of intervention.

—41-8% in responders v. —10-9% in non-responders), except
for stool frequency that was no longer significant (Table 6).

Effect of baseline status on gastrointestinal well-being
improvement and responder status

Improvement in GI well-being during the 4 weeks of inter-
vention was not correlated (» —0-09 to 0-17) with the baseline
value of any outcome (composite score of digestive symptoms,
stool frequency and consistency, and HRQoL).

Responder status was also evaluated for its relationship with
baseline symptom measures. Scores for individual digestive
symptoms and composite score were generally higher in
responders v. non-responders (Table 7), with abdominal
pain (P=0-02) and stool consistency (P=0-02) being the
only symptoms statistically significantly higher in responders
when compared with non-responders. Similar results were
found with the alternative ‘no worsening’ definition of a
responder with significant differences for abdominal pain
(P=003), stool consistency (P=0-02) and the composite
score (P=0-01) (Table 8).

Exploratory analyses

The distribution of the two modalities (yes/no) was com-
parable for GI well-being responders and for the decrease
in the composite score of digestive symptom responders
(Fisher’s exact test, P<<0-0001, k = 0-44). The true positive
rate (yes for both parameters) was 65-1% (fifty-six/eighty-six
responders for digestive symptoms) and the true negative

rate (no for both parameters) is 79-3 % (eighty-four/106 non-
responders for digestive symptoms). The corresponding nega-
tive and positive predictive values for GI well-being are 73-7 %
(eighty-four/114 non-responders for GI well-being) and
71-8% (fifty-six/seventy-eight responders for GI well-being),
respectively.

The partial least square analysis investigating the contribution
of the different symptoms (abdominal pain, bloating, flatulence
and borborygmi) and stool frequency and consistency to the
improvement of GI well-being shows that the four symptoms
are the major contributors. These symptoms accounted for
73:2%, whereas 26:8% of the model was explained by stool
consistency (21-2%) and stool frequency (5:6%). Among
the digestive symptoms, flatulence had the higher impact
(30-9%) followed by bloating (16-9%) and abdominal pain
(15-8 %), with borborygmi having the lower impact (9-6 %).

Discussion

The present study provides preliminary construct validity for a
single-item PRO as a measure of GI well-being in a non-IBS
population, by demonstrating that this measure is reliably
associated with a broad range of digestive symptom changes.
These data support the use of this PRO as an end point for
clinical trials in the general healthy population with mild GI
non-painful discomfort, aiming at demonstrating the effect of
specific foods on GI (dis)comfort and common GI symptoms.

In the absence of validated biomarkers, it is necessary that
the primary outcome measure in studies targeting overall GI
well-being or (dis)comfort be based on patient report, i.e. a

Table 6. Sensitivity analysis for comparison of outcome measures in gastrointestinal (Gl) well-being responders and non-responders

(Mean values and standard deviations)

Digestive symp-

tom composite Stool Stool FBA — digestive
scoret consistencyt frequencyt comfortt PGWBIt
n Mean sD Mean SD Mean SD Mean SD Mean SD
Responder Gl well-beingt
Yes 73 -3-19* 1.93 —0-36* 0-45 1-30 250 15.41** 13-43 5-00 10-24
No 124 -075 1.92 -0-11 0-41 0-85 1.77 513 11.73 3.72 8-86

FBA, Food and Benefits Assessment; PGWBI, Psychological General Well-Being Index.

Mean values were significantly different compared with the non-responder group (t test): * P<0-05, ** P<0-0001.
1 Changes are calculated using the mean change over the 4-week period of intervention v. baseline values.
1 A responder is defined as a subject reporting an improvement of its Gl well-being during at least 2 weeks of the 4 weeks of intervention without worsening at any time.
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Table 7. Baseline characteristics of gastrointestinal (Gl) well-being responders and non-responders

(Mean values and standard deviations, n 197)

Non-responders Responders
(n110) (n 87)*
Mean SD Mean SD P
Abdominal pain/discomfortt 0-91 0-71 1.16 0-77 0-02
Bloatingt 1.99 0-84 214 0-78 0-26
Flatulencet 2.40 0-83 2.59 0-85 0-08
Borborygmit 1.57 0-95 1.59 0-84 0-80
Digestive symptom composite scoref 6-86 2.29 7-48 1-99 0-05
Stool frequency 712 2.99 7-49 3.05 0-35
Stool consistency§ 1.21 0-55 1.40 0-53 0-02
FBA — digestive comfort|| 66-64 12.63 63.73 13.09 017
PGWBI|| 73-65 11-93 72.72 11.51 0-54

FBA, Food and Benefits Assessment; PGWBI, Psychological General Well-Being Index.
* A responder is defined as a subject reporting an improvement of its Gl well-being during at least 2 weeks of the

4 weeks of intervention.

1 Frequency of symptom, score 0O (never) to 4 (every day of the week). Values represent the two weekly assess-

ments during baseline.

1 Adapted from the Bristol Stool Form Scale: 0 (type 4); 1 (types 3 and 5); 2 (types 2 and 6); 3 (types 1 and 7).

§ Sum of individual symptoms, score 0—16.
|| Score from 0 to 100 (best).

PRO. The use of a validated questionnaire is required to
demonstrate a beneficial physiological effect of a food on GI
discomfort for health claim in Europe'”. Important research
efforts have been made in the past 10 years to improve PRO
used in IBS trials>'”, but despite the high interest in
making a claim on GI discomfort for foods, there has been
little emphasis to develop PRO to evaluate this construct in
the general population. Developing an instrument measuring
GI comfort or well-being outside the IBS population is chal-
lenging due to the absence of pain, and the lower level of
GI discomfort and symptoms reported by healthy subjects.
However, subjects among the general population frequently
experience non-painful digestive symptoms®®™® and the
development of food aiming at improving their GI heath
status requires appropriate tools.

Table 8. Baseline characteristics of gastrointestinal

non-responders with a modified definition

(Mean values and standard deviations, n 197)

The results obtained in the present study demonstrate that
the simple weekly global rating of change in GI well-being
is a good representation of multidimensional change in diges-
tive symptoms and is also significantly, but to a lesser extent,
related to changes in bowel function. This is supported by
the similar significant correlation values between each of
the four digestive symptoms (abdominal pain/discomfort,
bloating, borborygmi/rumbling stomach and flatulence) and
the number of weeks with improved GI well-being. This
single-item PRO seems to be able to capture important signs
and symptoms that can have an impact of GI (dis)comfort,
and to summarise adequately the mild digestive symptoms
commonly reported by the general population. In contrast,
such a single-item global assessment may not be suitable for
clinical trials in the IBS population, where patients suffer

(Gl) well-being responders and

Non-responders Responders
(n124) (n73)*

Mean SD Mean SD P
Abdominal pain/discomfort} 0-93 0-70 117 0-80 0-03
Bloatingt 1.97 0-83 219 0-79 0-07
Flatulencet 2.40 0-83 2.62 0-84 0-08
Borborygmit 1.54 0-95 1-64 0-82 0-30
Digestive symptom composite scoret 6-84 2.23 7-63 2.00 0-01
Stool frequency 7-08 2.95 7-63 3-11 0-20
Stool consistency§ 1.23 0-55 141 0-53 0-02
FBA — digestive comfort]| 66-51 12.74 63-39 12.97 0-13
PGWBI|| 73-37 1209 73-04 1117 0-74

FBA, Food and Benefits Assessment; PGWBI, Psychological General Well-Being Index.

* A responder is defined as a subject reporting an improvement of its Gl well-being during at least 2 weeks of
the 4 weeks of intervention without worsening at any time.

1 Frequency of symptom, score O (never) to 4 (every day of the week). Values represent the two weekly

assessments during baseline.

} Adapted from the Bristol Stool Form Scale: 0 (type 4); 1 (types 3 and 5); 2 (types 2 and 6); 3 (types 1 and 7).

§ Sum of individual symptoms, score 0—16.
|| Score from 0 to 100 (best).
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from a greater number and severity of symptoms, including
abdominal pain, and treatments are more targeted for specific
symptoms".

This PRO is an improved construct compared with the
binary outcome used in the past in IBS clinical trials that did
not include an answer option capturing worsening of con-
dition"*”. At least for the composite measure of digestive
symptoms, a rating of worse GI well-being was clearly associ-
ated with a negative change in digestive symptoms. Although
valid assessment of worsening symptoms may not be relevant
for measures of responder status in all trials, for some it may
be important to separate out those with a positive or no
change from those with worse outcomes. The present data
clearly showed the limitations and weaknesses of the use of
a binary response (improved or unchanged) that may mask
potential negative effects.

Beyond the statistical significance, the nature and size of
biological relevance of an effect is a key criterion when asses-
sing the efficacy of a food/nutritional intervention®”. When
using PRO, a responder definition is usually needed to identify
participants who achieve a predefined clinically meaningful
improvement, and proportions of responders are then com-
pared to determine the efficacy of the tested product. We
used a similar definition of responders as that used extensively
in IBS drug trials for binary outcome, i.e. improvement during
at least 50% of the time. We show that the responder defi-
nition for GI well-being appears to be well correlated with
changes in digestive symptoms and other parameters associ-
ated with GI health. Subjects classified as responders had a
significantly  higher decrease in digestive symptoms
(—385%) when compared with non-responders (—9-9%).
This was associated with improved bowel function and with
a significantly higher score for a specific digestive comfort
dimension of the HRQoL questionnaire. This responder defi-
nition has been shown to be responsive to a probiotic inter-
vention in a double-blind, randomised, controlled trial*?.
An exploratory analysis using a more strict definition of
responders (including no worsening at any time point)
showed similar differences between responders and non-
responders with the same magnitude of symptom decrease
(—41-8%) in the responder group.

The present data highlight that changes in GI well-being in
this non-IBS population are primarily related to changes in
digestive symptoms. The composite score of digestive symp-
toms showed a higher value of correlation with improvement
of GI well-being, and worsening of GI well-being is associated
with an increase in digestive symptoms. However, this is not
driven by a specific symptom such as abdominal pain/discom-
fort (as found in IBS), and all the four digestive symptoms
measured in the present study contribute in the same way to
the improvement of GI well-being. These data confirm the
multidimensional nature of this concept.

It has been suggested that the impact of baseline digestive
symptom severity is a confounding factor for the effect of
treatment outcome in IBS“**?, We did not find a significant
association between baseline digestive symptom severity and
GI well-being improvement in the present study as well as
with baseline data of bowel function and HRQoL. Even

though responders reported the highest level of abdominal
pain/discomfort, composite score of digestive symptoms and
stool consistency, no significant correlation was found
between all the outcomes and the level of GI well-being
improvement.

It is important to point out that some of the findings may
reflect specifics of the intervention study from which the data
were collected. For example, the fact that digestive symptoms
are more related to changes in GI well-being than bowel habit
may be a result of greater change in symptoms in the present
study ». bowel habit and not inherent in the measure itself.
This population has normal bowel habits, and investigations
in individuals with altered bowel functions may provide
additional information on the factors that could have an
impact on this single-item PRO for GI well-being. Data were
obtained in a short-term study (4-week intervention) and a
longer duration of intervention should allow determining the
stability of the measure over a longer period as well as its
relationship to changes of other parameters.

This overall assessment may be useful in any clinical trial
assessing the effect of a food or nutritional intervention on
GI comfort or discomfort, and is complementary to the
traditional symptom assessment and bowel function par-
ameters. The choice of the main outcome (overall assessment
of GI well-being or digestive symptoms) in a specific clinical
trial should be based on the expected effects of the interven-
tion (e.g. what is the main biological/physiological effect of
the intervention?). Overall assessment of GI well-being
cannot be used alone as the main outcome because such over-
all improvement should be supported by a concomitant
improvement of GI symptoms and/or bowel functions.
Taking together, these data could allow us to understand the
physiological effect of the intervention and its relevance for
a well-defined target population. This overall assessment
could be useful as a secondary outcome in trials looking at
bowel functions as the main outcome. This may help in deter-
mining whether improved bowel functions are associated with
GI comfort or discomfort improvement, as the real benefit for
a subject for a significant increase of one stool per week could
be questionable.

In summary, the overall assessment of GI well-being as used
in the present study may be a useful PRO for use in the gen-
eral non-IBS population which correlates well with changes in
digestive symptoms. As such, it appears to be a relevant
measure to assess the benefits of food intervention in a
healthy population.
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