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Abstract

Background The probiotic fermented milk (PFM)

containing Bifidobacterium lactis CNCM I-2494

improved gastrointestinal (GI) well-being and diges-

tive symptoms in a previous trial involving women

reporting minor digestive symptoms. Our objective is

to confirm these findings in a second study and in a

pooled analysis of both studies. Methods In this dou-

ble-blind, controlled, parallel design study, subjects

without diagnosed GI disorders consumed PFM or

control dairy product daily for 4 weeks. Endpoints

comprised weekly assessment of GI well-being (pri-

mary endpoint), rate of responders and digestive

symptoms. Data were analyzed on full analysis set

population (n = 324) and on the pooled data of ran-

domized subjects of this study with those of the first

study (n = 538). Key Results In this second study, no

significant difference was observed in the percentage

of women reporting an improvement in GI well-being

[OR = 1.20 (95% CI 0.87, 1.66)] and rate of responders

[OR = 1.38 (95% CI 0.89, 2.14)]. Composite score

of digestive symptoms was significantly (P < 0.05)

reduced in PFM when compared to the control group

[LSmean = )0.42 (95% CI )0.81, )0.03)]. In the pooled

analysis, significant differences were observed in favor

of PFM group for all endpoints: percentage of women

with improved GI well-being [OR = 1.36 (95% CI 1.07,

1.73)], rate of responders [OR = 1.53 (95% CI 1.09,

2.16)] and composite score of digestive symptoms

[LSmean = )0.48 (95% CI )0.80, )0.16)]. Conclusions

& Inferences This second study did not confirm

improvement on the primary endpoint. However,

a pooled analysis of the two trials showed improve-

ment in GI well-being and digestive symptoms in

women reporting minor digestive symptoms.

Keywords adult, digestive symptoms, pooled analysis,

probiotic, randomized controlled trials.

Abbreviations: AUC, area under the curve; cfu, colony

forming unit; FAS, full analysis set; FBA, food and benefit

assessment; GEE, generalized estimation equations; GI,

gastrointestinal; IBS, irritable bowel syndrome; IPAQ,

international physical activity questionnaire; ITT, intention
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INTRODUCTION

Recent observations have supported a role for gut

microbiota in functional bowel disorders.1–3 Probiotic

foods and supplements have gained high interest

during the past years for their use in intestinal

diseases.4 Some can clearly modulate gut functions5

and seem capable of alleviating gastrointestinal (GI)

symptoms in irritable bowel syndrome (IBS).6,7
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However, studies have also shown conflicting results

between different probiotic preparations.8–11 Moreover,

some effects are strain-specific, which makes findings

for one particular probiotic food/strain not applicable

to another, even if it belongs to the same species (e.g.

Lactobacillus acidophilus).12,13 These data support the

importance of accumulating scientific evidence on

specific and well-defined probiotic preparations in

high-quality studies to determine its efficacy on gut

functions and disorders.

Probiotic foods target large populations. Beyond

well-diagnosed IBS subjects or those with other func-

tional bowel disorders, chronic GI symptoms are

remarkably common in the general population.14–16

Gastrointestinal complaints related to gas such as

bloating and flatulence are among the more frequent

symptoms in this population.16 A minority of people

complaining about such GI symptoms consult medical

professionals17 but these bowel disturbances are well-

known to be very bothersome and may substantially

impact the daily life on most of those afflicted. The

interest of using food to improve this minor to mild

spectrum of GI symptoms needs to be assessed as no

drug is really addressing this population.

Probiotic fermented milk (PFM) with a specific

Bifidobacterium strain (Bifidobacterium lactis CNCM

I-2494) with lactic acid bacteria (Lactobacillus del-

brueckii subsp. bulgaricus and Streptococcus thermo-

philus) has shown beneficial effects on gut functions in

several randomized controlled studies.18–21 Firstly, the

consumption of this probiotic food was associated with

shortening of colonic transit time in both healthy

people21 and subjects with IBS-C.19 Secondly, improve-

ment of abdominal distension and other GI symptoms

were observed with this product in people with IBS-

C.19,20 Thirdly, the ability of this product to improve

GI symptoms and GI comfort was also demonstrated in

non-IBS people reporting minor GI troubles.18,22 So far,

such properties to improve colonic transit time and GI

symptoms in IBS-C patients and in the general popu-

lation have not been demonstrated for any other

probiotic preparation.

There are very few examples of simple repetition

(duplication) of a clinical study evaluating the effect of

administering a clearly defined probiotic preparation

(single-organism or specific combination of different

bacteria strains) for improving a specific health condi-

tion in a well-defined population. However, study

repetition is an important criterion for clarifying the

beneficial effect of a probiotic product as demonstrated

by the conflicting results obtained with the strain

Lactobacillus GG in the primary prevention of atopic

dermatitis.23,24 In such context, combining the results

of the trials in a pooled analysis provides results with

higher confidence (higher sample size, smaller confi-

dence interval, more robust product effects estimation)

for analyzing the efficacy of the tested product and

thus, should establish whether or not there is evidence

of an effect and resolve discrepancies between repeated

studies.25 In addition, trials on drugs for IBS usually

include large number of subjects to take into consid-

eration the placebo effect and the beta risk to fail to

show a significant difference just because of the too

small number of subjects.

We present the results of a medium-scale study

(n = 324) that is a repetition of the Guyonnet et al.18

study with identical design, testing the effect of 4-week

consumption of this probiotic food and of the pooled

analysis of this new study together with the first study.18

EXPERIMENTAL METHODS

Study population

A total of 388 subjects were recruited in France from one
clinical center (RPS clinical centre, Caen). Subjects were
identified in the database of healthy subjects of the clinical
center. They were recruited through advertisement and none of
the subjects was derived from primary care or hospital depart-
ment. Recruitment period was the same in this study and in
the study of Guyonnet et al.18: first recruited subject in
September and last subject out in mid-December. Inclusion
criteria were also the same in both studies. Women, 18 to
60 years old, with body mass index between 18 and 30 kg m)2,
and having a bowel movement frequency within normal range
(3–21 week)1). During the entry into the study, a screening
questionnaire was used to determine the frequency of four
different digestive symptoms (i.e. discomfort or abdominal pain,
bloating, flatulence/passage of gas, borborygmi/rumbling stom-
ach) in the past month as already described.18 Subjects were
regular consumers of dairy products.

Subjects were excluded if: (i) they had been diagnosed with IBS
or any other functional bowel disorders, (ii) they already consulted
gastroenterologist or general practitioner for digestive symptoms
of the lower tract (colon and small intestine), (iii) they took or
were under prescription of treatment for digestive symptoms (e.g.
antispasmodic, laxatives or antidiarrheal drugs), and (iv) they had
any significant systemic disease. Antibiotic ingestion within the
month prior to the entry in the study was also an exclusion
criterion.

Individuals with known lactose intolerance or with dietary
habits which might interfere with the assessment of the study
product (e.g. slimming or vegetarian diets) or known allergy to the
study product components were also excluded. Throughout the
study, the subjects were not allowed to consume any probiotic
(including food supplements) or fermented dairy product other
than those provided. They were encouraged to continue with all
the other aspects of their dietary and physical exercise habits

Study protocol

The study was single-center, randomized, double-blind, con-
trolled, parallel-group assessing the effect of daily consumption
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of a PFM containing B. lactis CNCM I-2494 (PFM group) vs a non-
fermented dairy product (control group).

The study design included a baseline period of 2 weeks
followed by a 4-week period of intervention and was a repetition
of the design used in the Guyonnet et al.18 study, except the
absence of a washout period after the intervention. Briefly,
baseline values were obtained for the outcome parameters with
a weekly assessment of frequency of digestive symptoms (abdom-
inal pain/discomfort, bloating, flatulence/passage of gas and
borborygmi/rumbling stomach), bowel function (bowel move-
ment and stool consistency using the Bristol stool form scale)26

and health-related quality of life using the Food and Benefit
Assessment (FBA) questionnaire.27 Only subjects having a mean
composite score between 2 and 12 [score ranging from 0 (no
symptom) to 16 (all symptoms every day)] during this 2-week
baseline period and also meeting the other randomization criteria
(normal bowel movement frequency, no consumption of antibi-
otics) were randomized to consume 2 cups day)1 (one at breakfast
and one at the evening meal) for the 4 weeks of intervention.

The study protocol was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Committee
Nord Ouest III (Caen, France). All volunteers gave written
informed consent before inclusion in the study. The study is
registered at Clinicaltrials.gov: NCT01388010.

Study products

The test product was a fermented milk containing Bifidobacte-

rium lactis [strain number I-2494 in French National Collection of
Cultures of Microorganisms (CNCM, Paris, France)], referred as
DN-173 010 in previous publications such as in the Guyonnet
et al.18 paper, together with the two classical yogurt starters,
S. thermophilus (CNCM strain number I-1630) and L. bulgaricus

(CNCM strain numbers I-1632 and I-1519), and Lactococcus lactis

ssp. lactis (CNCM strain number I-1631). The test product contains
1.25 · 1010 colony forming unit (cfu) of Bifidobacterium lactis

CNCM I-2494/DN-173 010 per cup and 1.2 · 109 cfu cup)1 of S.

thermophilus and L. bulgaricus.

The control product was a milk-based non-fermented dairy
product without probiotics and with a lactose content of < 4 g
cup)1 which is similar to the content of lactose in the test
product. The control product was acidified using an enzymatic
process, which mimics the acidification process that occurs
during fermentation of milk by the bacteria strains. Both the test
and control products were without flavor and had a similar
appearance, texture, and taste. Each cup contained 125 g. Both
products were specifically prepared for the study and provided by
Danone Research (Palaiseau, France).

Compliance was assessed on the basis of the data reported by
subjects on their diaries and of the number of non-used servings
returned.

Study endpoints

GI well-being The overall assessment of GI well-being was self-
evaluated by subjects weekly from the first week of product
consumption (week 1) to the end of the study, as previously de-
scribed.18 Subjects indicate if their GI well-being has remained the
same, improved, or worsened (3-point Likert scale). The construct
validity of this single item ‘patient-reported outcome’ has been
shown in the adult population reporting minor digestive symp-
toms.28 It is associated with a broad range of GI symptom changes.

A responder for GI well-being was defined as a subject reporting
an improvement in GI well-being for at least 50% of the
intervention, i.e. at least 2 weeks over the 4-week product

consumption. This definition of responders was prespecified; it
is also consistent with the recommendations of drug agencies for
IBS trials29,30 and Rome Foundation for overall assessment of
symptom relief in IBS trials.31

Digestive symptoms The frequency of individual digestive
symptoms (abdominal pain/discomfort, bloating, flatulence/pas-
sage of gas and borborygmi/rumbling stomach) was evaluated
weekly throughout the study; a composite score was calculated
ranging from 0 to 16.18

Diet Food consumption and nutrient intakes were measured
during two separate time periods in the study: during the second
week of the baseline period and during the final week of the
intervention period. During each time period, three non-consecu-
tive multiple pass 24-h dietary recalls were undertaken by dieti-
cians over the telephone. Dieticians were trained to standardize
procedures and data collection techniques. Data were entered di-
rectly into a web-based tool developed specifically for nutritional
epidemiological studies by Medical Expert Systems.32 This tool
was linked to a comprehensive food and nutrient composition
database containing almost 5000 foods, which was used to calcu-
late the nutrient intake of the subjects.

Food and nutrient intakes (macro and micronutrients) as well
as dietary components that may specifically impact on digestive
symptoms (e.g. fiber) were analyzed.

Subjects also recorded the consumption of study products,
medications during the study and forbidden products (e.g. other
fermented dairy products), as well as any adverse event on a daily
basis.

Physical activity Physical activity was assessed with the inter-
national physical activity questionnaires (IPAQ).33 This instru-
ment has been developed to obtain comparable estimates of
physical activity that can be used internationally. Subjects are
classified in three categories of physical activity: high, moderate,
and low.

Statistical methods

Statistical analyses were performed using GENMOD, mixed or
logistic procedures available in the SAS System package (SAS
Institute Inc., Cary, NC, USA) version 9.2.

The sample size calculation of the replication study was based
on the data of the primary study endpoint, overall assessment of
GI well-being, in the first study of Guyonnet et al.18 In this study,
the percentage of women reporting an improvement in their GI
well-being was higher in PFM group vs control group with an odd
ratio (OR) of 1.69 [95% CI (1.17–2.45)]. A significance of 5% and a
power level of 80% were used to obtain a sample size of 160
subjects per group (320 subjects in total). Taking into account
premature withdrawals observed in the previous study (5%), the
number of randomized subjects was 168 per product group (i.e. 336
randomized subjects).

The assignment of subjects to PFM or control groups was
carried-out by a well-balanced blocks randomization, performed
by the statistician of the CRO in charge of the biometry prior to
study onset. This randomization list used for assigning each
subject to a product group was prepared and kept confidentially on
the sponsor’s premises. It was forwarded to the person responsible
for the preparation of study products and their labeling. Subjects
were included in chronological order as per the randomization list
(incrementally by randomization number). The study was con-
ducted using double-blinding methods until data analyses were
completed. Study products were delivered to the investigative site
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in blank pots with only references to randomization number and
legal information for such kind of products.

For this study, all the analyses of efficacy were performed on
the full analysis set (FAS) population which corresponds to all the
randomized subjects who received the study product and had the
primary criteria assessed.34 Diet analyses were performed only on
a subpopulation, (n = 308) which was defined as the subjects of
FAS population with valid data, subjects with at least one visit
with less than 2 days of diet assessment or with extreme values
being excluded.

Measurement on a 3-point scale of the overall assessment of GI
well-being, being an ordinal and repeated response, was analyzed
with a proportional odds model.35,36 We used generalized estima-
tion equations (GEE). The model provides an overall fixed effects
estimate of product difference. This GEE was performed with
product group and group · time interaction as explicative factors,
and time as repeated variable. The responder rates for overall
assessment of GI well-being were analyzed at week 4 by a logistic
regression to compare the products. In both analysis, when the
interaction term was not conclusive (significance level at 10%), the
model was performed without this interaction.

Odds ratio (OR) was used to report GI well-being results
(overall assessment and responders). An OR of 1 indicates that the
overall assessment of GI well-being is similar in both groups. An
OR greater than 1 indicates that the overall assessment of GI well-
being is more likely to occur in PFM group when an OR less than
1 is in favor to control group.

Frequency of digestive symptoms were analyzed using a
repeated-measure analysis of variance (on change from baseline)
with time, product group, interaction time · product, and baseline
score as covariate. In case of non-normality of errors, a mixed
linear model on the area under the curve (AUC) was performed on
the same fixed effects as in the parametric approach and adjusted
on the value of baseline AUC. The number needed to treat (NNT)
was calculated from the mean percentage of responders for overall
assessment of GI well-being and results are expressed with
confidence intervals.37

Dietary parameters at baseline were analyzed with a Student’s
t-test. Raw change of dietary parameters between baseline and end
of study were analyzed using an ANCOVA with product and baseline
value as fixed effects.

As this study was a duplication of the study of Guyonnet
et al.18 the data from these two studies were combined in a pooled
analysis. The aim of the pooled analysis was to provide results
with higher confidence (higher sample size, smaller confidence
interval, more robust product effects estimations) for analyzing
the efficacy of the tested product on the different outcomes (GI
well-being and digestive symptoms).

This pooled analysis was performed following the strict
intention to treat (ITT) principle based on all randomized subjects.
This ITT population differs slightly (<4%) from the FAS popula-
tions used for the independent analysis of the two studies (ITT
n = 538 vs. FAS n = 521; this study, ITT n = 336, FAS n = 324;
first study,18 ITT population n = 202, FAS n = 197).

The objective of this pooled analysis was to assess the
consistency from the two twin studies as well as consolidate
the results from these studies. This pooled analysis was not
quoted as meta-analysis, but the methods used were similar and
applied with the same rigor as in an individual patient data meta-
analysis. Individual data were analyzed together as if they came
from one study and the pooled analysis models are an extension of
the models used in the individual studies, in the same way as the
analysis of a multicenter study.38 The pooled analysis model
provides an overall fixed effects estimate of product difference and
is adjusted with the same covariate as the ones used in the new
study. The heterogeneity was controlled and tested: the models

were fitted on the study parameter and a test of heterogeneity was
performed using interaction between product group and study
parameter. An absence of significance of the interaction (signif-
icance level set at 10%) indicates a low heterogeneity between the
studies, making relevant the interpretation of results from the
pooled analysis.

Results are graphically displayed with forest plots showing OR
or LS means with confidence intervals for each study and for the
pooled results. Each individual study is represented by a square
with an area proportional to the inverse variance of the estimate,
as advised by Whitehead.38 A different symbol (diamond-shaped)
is used for the overall estimates of the pooled analysis. The 95%
CI is represented by the length of the line.

RESULTS

New study

Fig. 1 describes the flow of subjects through the

protocol. The first subject was included on September

14, 2009 and the last subject was completed on

December 18, 2009. From the 388 contacted subjects,

380 were included in this study and 336 were random-

ized (168 subjects assigned to each group). Two

subjects did not complete the study and 10 subjects

had missing main outcomes, giving a FAS population

of 324. No difference between the PFM product and

control groups was observed for baseline data (Table 1).

The population for diet analysis was 308.

The compliance during the study was 99.7% and

99.5% for control and PFM group, respectively.

The percentage of women reporting an improvement

in their GI well-being (primary endpoint) was not

statistically significantly different in PFM group vs

control group [OR = 1.20; 95% CI (0.87; 1.66)]

(Table 2).

The percentage of responders for GI well-being was

higher in the test group vs the control group without

statistically significant difference 54.3% vs 46.3%,

respectively, (OR = 1.38; 95% CI [0.89; 2.14]) with a

NNT (benefit) of 12.5 [NNT (benefit) 5.37 to ¥ to NNT

(harmed) 35.3] (Table 2).

Weekly changes during the period of product con-

sumption and the mean change over this 4-week period

for the composite score of frequency of digestive

symptoms are shown in Table 2. A significantly

(P = 0.033) more pronounced decrease in the composite

score of frequency of digestive symptoms was observed

over the 4-week period in PFM group [LSmean = )0.42;

95% CI ()0.81; )0.03)].

No difference was shown in nutrient intake at

baseline between the PFM and control groups

(Table 3). The 4-week intervention did not result in

significant changes in nutrient intake between the

PFM and control groups.
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Pooled analysis

The analyses on the pooled data were conducted in an

ITT population of 538 subjects. The percentage of

missing data for efficacy parameters (overall GI well-

being, GI well-being responders and composite score)

was considered as sufficiently low (from 0.6% to 1.7%)

to avoid any replacement of missing data. The inter-

action between study and product was not significant

(P > 0.10) for the three outcomes and confidence

intervals of individual studies results show good

overlaps. Results are displayed, for each study and

pooled analysis, in Figs 2–4. The percentage of women

reporting an improvement in their GI well-being was

significantly (P = 0.014) higher in PFM group

[OR = 1.36; 95% CI (1.07; 1.73)]. The percentage of

responders was significantly (P = 0.015) higher in PFM

group vs control group [53.2% vs 42.6% for PFM and

control group, respectively, OR = 1.53; 95% CI (1.09;

2.16)] with a NNT of 9.5 [95% CI (5.3; 49.1)]. A

significant (P = 0.003) higher decrease of the composite

score over the 4-week was shown in PFM group when

comparing with the control group [LSmean = )0.48;

95% CI ()0.80; )0.16)].

Not meeting randomisation criteria, 
n = 44 

Not meeting inclusion criteria 
n = 8 

FAS population 
n = 324 

Premature withdrawal 
n = 2 

Allocated to PFM group 
n = 168

Main outcome missing 
n = 4 

FAS population 
PFM group, n = 162 

Completed study 
PFM group, n = 166 

FAS population 
Control group, n = 162 

Completed study 
Control group, n = 168 

Premature withdrawal 
n = 0 

Allocated to control group 
n = 168

Main outcome missing 
n = 6 

Randomised population  
n = 336 

Global population 
n = 388

Included population 
n = 380

Baseline period 

Figure 1 Study flow design. FAS = full analysis set population defined as all randomized subjects with main outcome available.
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DISCUSSION

We performed this study which repeated a first

randomized trial.18 We also performed a pooled anal-

ysis of these two studies to provide additional evidence

in a large cohort of subjects that the PFM containing

Bifidobacterium lactis CNCM I-2494 and lactic acid

bacteria is able to improve GI well-being and decrease

frequency of GI symptoms when consumed by women

reporting minor GI symptoms.

The beneficial effect of the PFM on GI well-being

was not statistically significant in the new study. This

can be explained by a higher response in the control

group. Although the percentage of responders in the

PFM group is similar in this study vs first study (54.3%

and 52%, respectively), the control group exhibited a

much higher responders rate in this study than in the

first trial (46.3% vs 36%, respectively). Consequently,

an 8% difference in responders’ rate was observed in

this study compared to 16% in the first study. It has

been shown that GI well-being improvement is

strongly correlated with decrease in digestive symp-

toms.28 However, significant decrease of digestive

symptoms was also observed in this study within a

similar magnitude of effect than in the first trial.18

Baseline frequency of digestive symptoms was also

comparable in the two studies. It is therefore unlikely

that the discrepancies in GI well-being response

observed between the two studies may origin from

digestive symptoms.

A potential effect of diet or physical activity is

unlikely as we have checked that no significant

difference in diet occurred between groups at baseline

and during the 4-week intervention. A plausible

explanation for the findings of this new study, that is

nonsignificant trend toward a benefit of the tested

PFM, is an underestimation of the magnitude of the

placebo response rate and then an underpowered trial.

Trials of large sample size are required to show

benefits from interventions (including probiotics) in

the GI discomfort area including IBS. Our pooled

analysis on 538 subjects represents the largest cohort

of subjects for a specific probiotic combination in this

area of research. The same probiotic combination in

Table 1 Baseline characteristics of subjects: comparison between

groups

PFM group

(n = 162)

Control group

(n = 162)

Age (years) 32.3 ± 10.2 33.0 ± 10.9

Range (years) 18–57 18–59

BMI (kg m)2) 22.9 ± 2.5 22.9 ± 2.9

Borborygmi score� 1.75 ± 1.06 1.69 ± 1.01

Bloating score� 1.44 ± 0.84 1.52 ± 0.77

Flatulence score� 2.62 ± 0.97 2.66 ± 1.04

Abdominal pain score� 1.08 ± 0.78 1.07 ± 0.70

Composite score� 6.90 ± 2.17 6.94 ± 2.10

FBA digestive comfort score* 61.3 ± 13.6 61.3 ± 13.8

Stool frequency (n� week)1) 5.77 ± 1.82 5.94 ± 2.71

Physical activity§

Missing 19 (11.7%) 20 (12.3%)

Low 22 (13.6%) 18 (11.1%)

Moderate 62 (38.3%) 73 (45.1%)

High 59 (36.4%) 51 (31.5%)

PFM, probiotic fermented milk.

All data are expressed as means ± SD except range for years. *FBA:

Food and Benefit Assessment questionnaire; digestive comfort score

from 0 to 100 (best). �Frequency of individual digestive symptom

assessed with a 5-pt Likert scale from 0 (never) to 4 (every day of the

week). �Composite score of frequency of digestive symptoms ranged

from 0 to 16. §Physical activity expressed as percentage and number of

subjects by class [n (%)].

Table 2 Overall assessment of GI well-being and composite score of digestive symptoms in the FAS population (n = 324)

Week 1 Week 2 Week 3 Week 4

GI well-being by class�

PFM group (n = 162) 6.2/60.5/33.3 7.4/50.0/42.6 10.5/44.4/45.1 9.9/45.7/44.4

Control group (n = 162) 16.1/56.8/27.2 9.9/53.1/37.0 8.0/50.6/41.4 5.6/51.2/43.2

Odds ratio� 1.20 [0.87; 1.66]

GI well-being – rate of responders§

PFM group (n = 162) 54.3%

Control group (n = 162) 46.3%

Odds ratio� 1.38 [0.89; 2.14]

Digestive symptoms–

PFM group (n = 162) )0.76 ± 1. 79 )1.01 ± 2.10 )1.36 ± 2.26 )1.58 ± 2.37

Control group (n = 162) )0.40 ± 2.13 )0.49 ± 2.30 )1.03 ± 2.40 )1.30 ± 2.57

LS mean )0.42* [)0.81; )0.03]

PFM, probiotic fermented milk; GI, gastrointestinal; FAS, full analysis set.

*P < 0.05. �Percentages of subjects by class are expressed at each week as follows: worsened/no change/improved. �Odds ratio values are given with

95% CI in brackets. §A responder was defined as a subject having an improvement of their GI well-being at least 2 weeks among the 4 weeks; results

are expressed as percentage. –Results of composite score of frequency of digestive symptoms are expressed as changes from baselines and were

compared between groups over the 4 weeks (LSmean).
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Table 3 Mean nutrient intake (unit day)1) at baseline and at the end of the intervention in the FAS population

PFM group (n = 155) Control group (n = 153)

Baseline End of study Baseline End of study

Energy (kcal) 1710 ± 390 1747 ± 401 1740 ± 443 1767 ± 459

Protein (g) 70 ± 17 74 ± 17 74 ± 18 74 ± 17

Total fat (g) 69 ± 20 74 ± 21 71 ± 22 74 ± 22

Carbohydrate (g) 194 ± 52 191 ± 52 194 ± 57 195 ± 61

Fiber (g) 15 ± 5 15 ± 5 16 ± 5 15 ± 5

Alcohol (g) 4.0 ± 6.6 2.8 ± 4.9 3.6 ± 7.8 3.1 ± 6.3

Water (g) 2153 ± 607 2222 ± 591 2200 ± 550 2253 ± 510

Calcium (mg) 759 ± 257 953 ± 267 794 ± 280 983 ± 265

Iron (mg) 7.9 ± 2.7 7.5 ± 2.4 8.5 ± 2.7 7.8 ± 2.9

Magnesium (mg) 218 ± 70 207 ± 65 228 ± 58 207 ± 61

Potassium (mg) 2114 ± 568 1969 ± 570 2185 ± 622 2007 ± 613

Sodium (mg) 2756 ± 737 2796 ± 736 2695 ± 856 2892 ± 919

Vitamin C (mg) 79 ± 43 77 ± 49 81 ± 45 77 ± 45

PFM, probiotic fermented milk; FAS, full analysis set.

All data are expressed as means ± SD.

Figure 2 Forest plot of main outcome, weekly overall assessment of gastrointestinal well-being. OR = Odds ratio; CI, confidence interval; test for

heterogeneity, P > 0.10; test for overall effect, P = 0.014.

Figure 3 Forest plot of secondary outcomes, rate of responders for gastrointestinal well-being. OR = Odds ratio; CI, confidence interval; test for

heterogeneity, P > 0.10; test for overall effect, P = 0.015.
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the same fermented dairy matrix at the same dosage

and the same study design were used in both studies

justifying pooling of the data. The pooled analysis

showed a significant higher percentage of responders in

the PFM group with a difference of 10.6% correspond-

ing to a NNT of 9.5. The absence of data on probiotics

or other dietary interventions in the general population

makes the assessment of the biological relevance of

such effect difficult. We acknowledge that the observed

benefit is modest, but is within the spectrum (10–15%)

of what is considered clinically relevant in IBS.6,39,40

Although quality of life was not measured in this

study, a positive trend in this domain observed in the

first study18 supports further assessment in long-term

studies as quality of life is known to change slowly.

The validity of the beneficial effect on global

assessment of GI comfort is supported by consistent

and significant decreases in frequency of digestive

symptoms in this new study, as well as in the first

study.18 Interestingly, the tested probiotic food has

been shown to improve symptoms in IBS-C.19 Taking

together, these results suggest that this specific PFM is

able to improve digestive symptoms in people with

different degrees of digestive symptoms and discom-

fort, ranging from the general population with minor

digestive symptoms to patients fulfilling all IBS crite-

ria. To our best knowledge, these properties have not

been shown for another probiotic food or strains.

The effect of this PFM could be mediated by different

mechanisms of action. The beneficial effect of probi-

otics is mediated by a variety of mechanisms involved

in the control of GI functions and interactions with gut

microbiota.7 Gut microbiota modulates intestinal

motility, barrier function, gas metabolism, and visceral

perception.4,41 This PFM product was shown to

accelerate colonic transit time.19,21 A change in short

chain fatty acids may explain the effect on colonic

motility.42 Interestingly, in an unrelated study in an

ulcerative colitis mice model, this PFM modified the

profile of short chain fatty acids, increased levels of

butyric acid, decreased levels of lactic acid, and

increased levels of lactic acid-consuming and buty-

rate-producing bacteria.43

Altered visceral sensitivity has been identified as a

mechanism involved in GI symptoms.44 This PFM

reduced stress-induced visceral hypersensitivity in an

animal model of stress-induced hypersensitivity and

restored gut paracellular permeability impairment in

this model.45 These effects located at gut barrier level

may explain the decrease in the composite score of GI

symptoms by modulating signals arising from the gut.

Gastrointestinal symptoms related to intestinal gas

content (bloating, flatulence, and borborygmi) account

for more than 80% of the composite score of GI

symptoms. Gas metabolism being dependent on the

metabolic activities of gut microbiota,41 the modula-

tion of gut microbiota is a likely candidate to explain

the effects of this PFM on GI symptoms. Recent

investigations in healthy humans and gnotobiotic mice

have shown the ability of this PFM and the consortium

of five bacterial strains of this PFM alone to modulate

expression of bacterial genes involved in different

metabolic pathways including those of carbohy-

drates.46 New molecular methods have recently shown

significant correlations between the microbiota and

common intestinal symptoms such as abdominal pain

and bloating in healthy subjects.47 This opens new

avenues to investigate the precise role of the modula-

tion of gut microbiota in the clinical effects of this

probiotic food.

Figure 4 Forest plot of secondary outcomes, composite score of digestive symptoms. CI, confidence interval; test for heterogeneity, P > 0.10; test for

overall effect, P = 0.003.
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In conclusion, the pooled analysis of two medium-

sized human studies supports the ability of the tested

PFM product to improve GI well-being and reduce

digestive symptoms in a population of women report-

ing minor digestive symptoms. Further research is

warranted to know which subjects or patients would

most benefit from the consumption of this specific

probiotic food. Studies focusing on specific symptoms

(e.g. bloating/distension, flatulence) and understanding

the mode of action at gut microbiota level and gut-

brain axis should help answer this important question.
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