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Abstract

Objective: Postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS) are the
two main forms of functional dyspepsia (FD). Probiotics are a promising therapy for FD, but
current data remains heterogeneous. This work aims to evaluate a probiotic combination of
Lacticaseibacillus rhamnosus LR04 (DSM 16605), Lactiplantibacillus pentosus LPSOI (DSM 21980),
Lactiplantibacillus plantarum LPOl (LMG P-21021), and Lactobacillus delbrueckii subsp. delbruekii
LDDOI (DMS 22106), alone or together with other pharmacological therapies, for clinical
improvement of symptoms associated with FD.

Methods: Patients with FD were enrolled and divided into two groups: PDS and EPS. Probiotic
alone or combined with prokinetics, antacids, or proton-pump-inhibitors were administered for
30 days. A progressive-score scale was used to evaluate symptoms in all patients at the beginning
of the trial and at 15 days after the end of treatment.

Results: A cohort of 2676 patients were enrolled (1 357 with PDS; | 319 with EPS). All patients
showed significant improvements in dyspeptic symptoms following treatment. In patients with
PDS, probiotic alone resulted in the lowest prevalence of symptoms following treatment, while
patients with EPS showed no clear between-treatment differences.

Conclusions: Dyspeptic symptoms were reduced following treatment in all patients.
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The prevalence of FD, calculated using
large population-based studies in adults,
ranges from 10% to 30% worldwide,*
while in children, prevalence varies between
3.5% and 27%.° In the USA alone, social
and economic costs are estimated to be
approximately $18.4 billion/year for adults
and $5.79 billion/year for children.*®
Functional dyspepsia is a chronic GI dis-
order defined by upper abdominal symp-
toms originating from the gastroduodenal
region and characterized by the absence of

Introduction

Functional gastrointestinal (GI) disorders
are typical GI symptom complexes that
can arise from different GI tract regions.'
Chronic symptoms that can be linked to
functional GI disorders are commonly
found in 10-30% of the population, and
the majority of these patients have no evi-
dence of organic causes and live in industri-
alized countries.”® Functional GI disorders
are currently assigned to four categories: (I)

functional dyspepsia (FD), comprising
postprandial distress syndrome (PDS) and
epigastric pain syndrome (EPS); (IT) belch-
ing disorders; (III) chronic nausea and
vomiting disorders, including chronic
nausea vomiting syndrome, cyclic vomiting
syndrome, and cannabinoid hyperemesis
syndrome; and (IV) rumination syndrome.?

morphological disease on routine investiga-
tions, including upper GI endoscopy.' "8
The Rome IV criteria define dyspepsia as
any combination of four specific symptoms:
(I) postprandial filling; (II) early satiety;
(III) epigastric pain; and (IV) epigastric
burning. Such symptoms must be severe
enough to interfere with the patient’s
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normal activities and have to occur with a
frequency of at least 3 days per week over 3
months, with an onset of at least 6 months
previously.? In a recent publication, FD
symptoms were reported with the following
prevalence: epigastric pain and burning
(60-70%), postprandial filling (80%),
early satiety (60-70%), epigastric distension
(80%), mnausea (60%), and vomiting
(40%).” Diagnosis of FD is based on iden-
tification of the appropriate symptom and a
negative upper GI endoscopy, which
remains the gold standard to confirm the
absence of lesions. Up to 75% of GI endos-
copies in patients with known dyspeptic
symptoms are confirmed to be healthy,
and 20% show erosive oesophagitis.’

The Rome IV criteria also define the two
subgroups of FD: (I) PDS; and (II) EPS.
Postprandial filling and early satiety are
the two pivotal symptoms associated with
PDS. The presence of one of the two
markers is sufficient for a final diagnosis
of PDS, but according to the Rome IV cri-
teria, it should occur at least three times a
week.""1% Secondary symptoms can be epi-
gastric pain (immediately after meals), epi-
gastric burning, upper abdominal swelling,
and nausea. At the same time, epigastric
pain and burning are the cardinal symp-
toms linked to EPS. As described for PDS
diagnosis, the presence of one of the two
specific markers, at least once a week, is
also sufficient for diagnosis of EPS. PDS
is considered a gastric motility disorder,
together with impaired gastric accommoda-
tion, delayed gastric emptying, or gastric
hypersensitivity to distension.” To date,
knowledge regarding EPS remains less
well developed, but some authors have pro-
posed that symptoms may be related to acid
exposure, Helicobacter pylori infection, and
duodenal hypersensitivity to lipids or
acids.'" !5 As stated by Oh et al.,'® the cur-
rently prescribed pharmacological therapies
to treat FD-positive patients include: acid
suppressant (e.g. proton-pump inhibitor,

histamine type 2 receptor antagonists); pro-
kinetics (e.g. dopamine D2 receptor antag-
onists, 5-hydroxytryptamine receptor 4
agonists, and motilin agonists); and ant-
acids (e.g. sucralfate). While proton-pump
inhibitors should be recommended as a
first-line treatment for patients with EPS,
prokinetics can be useful for patients with
PDS.' The availability of such different
pharmacological therapies is one of the
most important clinical problems to face;
due to the natural chronicization of FD-
related symptoms, physicians tend to pre-
scribe various treatments simultaneously.'’

The use of probiotics to control FD is a
new treatment recently introduced in clini-
cal studies.'® Probiotics are defined as ‘live
microorganisms which, when administered
in adequate amounts, confer a health bene-
fit on the host’.!” The most known and fun-
damental mechanisms of action include
antimicrobial molecule production, exclu-
sion of pathogens through binding, compe-
tition for nutrients, and modulation of the

immune  system.””  Treatment  with
Lacticaseibacillus ~ rhamnosus ~ (formerly
Lactobacillus rhamnosus) and

Lactobacillus acidophilus has been shown
to alleviate FD symptoms in children.’ In
adults, the administration of probiotic
yogurt containing Lactobacillus gasseri
OLL2716 (LG21 yogurt) improved the
symptoms of postprandial distress.”’ One
advantage exerted by the administration
of probiotics as a treatment to control FD
is the lack of adverse events reported in the
available literature.'®

The aim of the present study was to eval-
uate the effects of a probiotic combination
of L. rhamnosus LR04 (DSM 16605),
Lactiplantibacillus pentosus LPS01 (DSM
21980, formerly Lactobacillus pentosus),
Lactiplantibacillus plantarum LP01 (LMG
P-21021, formerly Lactobacillus plantarum),
and Lactobacillus delbrueckii subsp. del-
bruekii LDDO1 (DMS 22106) with N-
acetylcysteine, alone or combined with
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conventional pharmacological therapies, in
the clinical improvement of symptoms asso-
ciated with FD.

Patients and methods

Study population and design

This pilot clinical study was conducted in
Italian territory (with data analysed at the
Department of Microbiology, University of
Milan, Italy) between June 2018 and June
2019, and included sequentially enrolled out-
patients with FD. Patient data were collected
through a specific self-completed question-
naire that was dispensed to each patient
during hospital visits at two study time-
points, described below. Patients’ responses
were entered into an online electronic repos-
itory by medical doctors (Gastrobiota
Group). Patients were included based on
typical FD symptoms reported during the
initial visit or on the medical database, and
were divided into the two most common
forms of FD: patients with PDS (group A)
and patients with EPS (group B). Patients
whose existing medical records reported gas-
tric or colon cancers, peptic ulcer diseases,
pancreaticobiliary disease, thyroid disorder,
and/or positive result for H. pylori by breath
test, biopsy cultures, or faecal antigen test,
were excluded from the study.

This study received ethics approval from
the Italian Society of Digestive Endoscopy
(SIED) and the Gastrobiota Group.
Written informed consent was obtained
from each study participant during the
first visit.

Treatments, questionnaires and outcomes

All patients were randomly assigned to
receive Abivisor probiotic formulation
(AURORA Biofarma, Milan, Italy) con-
taining L. rhamnosus LR04 (DSM 16605;
>10° Colony Forming Units [CFU]/Active
Fluorescence Units [AFU]), L. pentosus

LPSO1 (DSM 21980; >8x10® CFU/
AFU), L. plantarum LPO1 (LMG P-21021;
>3 x 10° CFU/AFU), and L. delbrueckii
subsp. delbruekii LDDO0O1 (DMS 22106;
>2 % 10® CFU/AFU) with N-acetylcys-
teine, at a recommended dosage of >5 x
10° CFU/AFU per day, alone or in combi-
nation with a standard pharmacological
therapy for FD (proton-pump inhibitors,
prokinetics, or antacid) for 30 days.
All bacterial strains included in the probi-
otic  formulation are patented by
Probiotical SpA (Novara, Italy), and were
selected for their particular resistance to the
acidic pH of the stomach and for their syn-
ergy. When co-cultured, all of the combined
strains had an optimal growth rate (in vitro
data not shown).

A clinical symptom questionnaire, that
had been previously approved by the
Gastrobiota Group, was delivered to each
patient during a hospital visit at the start
of the study (TO) and at 15 days following
the end of probiotic treatment (T1). The
questionnaire was delivered by a clinician
in a readable form for the patient, and com-
prised a comprehensive list of questions and
a simple progressive score scale (from absent
to severe) for severity of clinical symptoms.

The primary study outcome was evalua-
tion of the presence of two specific clinical
symptoms associated with PDS (postpran-
dial filling and early satiety) and with EPS
(epigastric pain and epigastric burning) at
the beginning of the study (T0), and at the
end of the study (T1). The secondary out-
come was evaluation of the best therapy
between probiotic alone or in combination
with other pharmaceutical approaches, in
terms of the capacity to ameliorate or elim-
inate the specified FD symptoms, and also
secondary symptoms.

Statistical analyses

Data are presented as n or % prevalence.
Statistical analyses, together with graphic
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representation, were performed using
GraphPad Prism software, version 8.01
for Windows (GraphPad Software®, San
Diego, CA, USA; www.graphpad.com).
Differences in symptom prevalence between
the two time points were analysed using -
test (or Yates’ continuity corrected y>-test).
Differences in symptom prevalence between
treatment groups was analysed using
y>-test. A P-value <0.05 was considered sta-
tistically significant.

Results

Overall data

A total of 2676 patients with clinical symp-
toms related to FD were enrolled in the
study. Group A (PDS) comprised 1357/
2676 patients (50.7%), while group B
(EPS) comprised 1319/2676 patients
(49.3%). Pharmacological therapies admin-
istered before and during this study are
summarised in Table 1 and Table 2.
Patients who dropped out of the study
and did not attend the second visit at T1
comprised 729 patients (53.7%) in the
PDS group and 799 patients (60.5%) in
the EPS group.

Probiotic was administered alone or in
combination with proton-pump inhibitors,
prokinetics, or antacids, as reported in
Table 2.

Primary outcomes

Group A (PDS). Statistics of the two main
symptoms in patients with PDS treated
with the different pharmacological combi-
nations (Table 2), are summarised in
Figure 1. Probiotics alone was administered
to 498/1357 patients (36.7%) at TO. The
symptom of postprandial filling was
absent in 73/498 patients (14.6%) at TO
and 193/270 patients (71.5%) at TI
(P<0.0001; Figure 1A). Early satiety
showed a similar trend in prevalence, and
was absent in 13.8% of patients at TO and
69.6% of patients at Tl (P<0.0001;
Figure 1B).

Probiotics combined with proton-pump
inhibitor was given to 390/1357 patients
(28.7%). Both postprandial filling and
early satiety showed a statistically signifi-
cant improvement between the beginning
and end of treatment. Postprandial filling
was absent in 46/390 patients (11.8%) at
TO and 73/131 patients (55.7%) at TI
(P <0.0001; Figure 1C), while early satiety

Table I. Ongoing pharmacological therapies in patients with postprandial distress syndrome (group A) or
epigastric pain syndrome (group B), assessed at enrolment.

Study group

A B

n= 1357 n=1319
Ongoing pharmacological therapy n % n %
Proton-pump inhibitors 337 24.8 393 29.8
Prokinetics 173 12.7 71 54
Antacids 139 10.2 196 14.9
Sucralfate 22 1.6 34 2.6
Other 27 1.9 31 2.4
Combination 85 6.3 134 10.1
No pharmacological therapy 574 423 460 349
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Table 2. Experimental therapies prescribed to patients with postprandial distress syndrome (group A) and
patients with epigastric pain syndrome (group B) during the study, assessed at TO (start of the study period)
and at T1 (15 days following the end of the 30-day treatment period).

Study group

A B

TO n=1357 Tl n=628 TO n=1319 Tl n=520
Experimental therapy n % n % n % n %
Probiotic 498 36.7 270 43 269 20.4 131 25.2
Probiotic plus proton-pump 390 28.7 131 20.9 725 55 268 51.5

inhibitor

Probiotic plus prokinetics 327 24.1 146 232 152 1.5 58 1.2
Probiotic plus antacids 142 10.5 8l 12.9 173 13.1 63 12.1

was absent in 14.6% of patients at TO and
63.6% at T1 (P <0.0001; Figure 1D).

Probiotics plus prokinetics were admin-
istered to 327/1357 patients (24.1%). This
combination was shown to significantly
improve the absence of postprandial filling
and early satiety from TO to T1 (Figure 1E
and 1F). Postprandial filling was absent in
12/327 patients (3.7%) at TO, and this
increased to 58/146 patients (39.7%) at T1
(P<0.0001). A statistically significant
increase in the absence of early saticty was
reported by patients between TO (14.6%)
and T1 (63.6%; P <0.0001).

The last pharmacological combination
(probiotic plus antacid) was prescribed to
142/1 357 patients (10.5%). Postprandial fill-
ing was absent in 12/142 patients (8.4%) at
TO and 35/81 patients (43.2%) at TI
(P <0.0001; Figure 1G), and the absence of
early satiety also increased from 12.7% at TO
to 51.8% at T1 (P < 0.0001; Figure 1H).

For all pharmacological treatments, all
patients reported the presence of a severe
postprandial filling or early satiety at T1.

Group B (EPS). Statistical analyses of the two
main symptoms in patients with EPS

treated with different pharmacological
combinations (Table 2) are shown in
Figure 2.  Probiotics alone  were

administered to 269/1 319 patients (20.4%)
at TO (Figure 2A and B). Epigastric pain
was absent in 38/269 patients (14.1%) at
TO and absent in 70/131 patients (53.4%)
at Tl (P<0.0001). Epigastric burning
showed a similar increase in absence of
symptoms, with absence prevalence of
26.4% at TO and 65.1% at T1 (P <0.0001).

The combination of probiotics plus
proton-pump inhibitor was given to 725/
1319 patients (54.9%). A statistical improve-
ment between TO and T1 was observed in
both epigastric pain and epigastric burning
(Figure 2C and D). Epigastric pain was
absent in 38/725 patients (5.2%) at TO and
122/268 patients (45.5%) at T1 (P < 0.0001),
and a similar statistically significant improve-
ment in symptoms was seen in terms of epi-
gastric burning, which was shown to be
absent in 11% of patients at TO and 55.2%
of patients at T1 (P < 0.0001).

Probiotics plus prokinetics were given to
152/1319 patients (11.5%), and symptoms
of epigastric pain and epigastric burning
were shown to be clinically improved from
the start to the end of the study. At T0, 14/
152 patients (2.6%) reported the absence of
epigastric pain, compared with 27/58
patients  (46.5%) at T1 (P <0.0001;
Figure 2E). A reported absence of epigas-
tric burning showed a similar trend between
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TO (13.1% absence) and TI
absence; P < 0.0001; Figure 2F).
The last pharmacological combination
(probiotic plus antacid) was prescribed to
173/1 319 patients (13.1%). The absence of

(55.2%

epigastric pain increased from 9/173
patients (5.2%) at TO to 24/63 patients
(38.1%) at T1 (P<0.0001; Figure 2QG),
and this improving trend was similar
regarding absence of epigastric burning
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P < 0.001.

(11/173 patients [12.7%] at TO and 37/63
patients  [51.8%] patients at TI;
P <0.0001; Figure 2H).

Secondary outcomes

Minor symptoms related to FD. Minor symp-
toms related to PDS (epigastric pain, epi-
gastric burning, and abdominal swelling),
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and those of EPS (postprandial filling, early
satiety, and abdominal swelling) were eval-
uvated as described for the pivotal
symptoms.

For all PDS-positive patients, epigastric
pain and epigastric burning showed similar
positive trends in the absence of severe
symptoms between the two time-points for
all pharmacological combinations.
Abdominal swelling showed variable results
at T1; two of the treatment combinations
(probiotic plus prokinetics, and probiotic
plus antacid) did not show the level of
improvement in abdominal swelling
between TO and T1 that was observed for

(a) sk
FEE ¥
1009 ** o
—
ek ok

other clinical signs and treatment combina-
tions (see Supplemental Figure 1 and
Supplemental Table 1A).

All four pharmacological combinations
prescribed to patients with EPS improved
the perception of all minor symptoms at

T1 (see Supplemental Figure 2 and
Supplemental Table 1B).
Overall pharmacological combination . The

prevalence of absence of clinical symptoms
at T1 was compared between all pharmaco-
logical combinations used to treat clinical
symptoms associated with PDS and EPS
(Figure 3). In patients with PDS (group
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Figure 3. Comparison of the prevalence of absence of symptoms following treatment (T |) between dif-
ferent therapy groups in patients with (a) postprandial distress syndrome (group a); and (b) epigastric pain
syndrome (group b). PPF, postprandial filling; ES, early satiety; EP, epigastric pain; EB, epigastric burning; AS,
abdominal swelling; PPI, proton-pump inhibitor; PKT, prokinetics; ATC, antacids: *P < 0.05; **P < 0.01;

P < 0.001.
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A), probiotic alone significantly reduced the
prevalence of all symptoms (Supplemental
Table 1A). At T1, the use of the probiotic
alone showed the highest prevalence of no
postprandial filling symptoms, followed by
probiotic combined with proton-pump
inhibitor, then probiotic combined with
either prokinetics or antacids (all P <0.01;
Figure 3A). Probiotic alone also showed the
highest prevalence of no epigastric burning
compared with all other treatment groups
(P <0.01), and the highest prevalence of no
early satiety symptoms and no abdominal
swelling versus probiotic plus prokinetics or
antacids (P <0.01; Figure 3A). Probiotic
alone showed a higher prevalence of no epi-
gastric pain, a minor sign in patients with
PDS, versus probiotic combined with ant-
acids (P =0.0042).

In patients with EPS (group B), probiot-
ic alone significantly reduced the prevalence
of all symptoms (Supplemental Table 1B).
At T1, probiotic alone showed the highest
prevalence of no postprandial filling
compared with probiotic combined with
proton-pump inhibitor (P =0.0109) or pro-
biotic plus antacid (P=0.0391), and the
highest prevalence of no early satiety
versus probiotic combined with proton-
pump inhibitor (P <0.05; Figure 3B).
Although probiotic alone showed numeri-
cally higher prevalence of no other symp-
toms versus other treatment groups, the
differences were not statistically significant.

Discussion

The pathophysiology of FD is not fully
understood, but the main cofactors are
thought to be: (I) altered GI motility; (II)
visceral sensitivity; and (III) psychosocial
factors.?” The final diagnosis of FD remains
based on a series of conventional diagnostic
exams repeated over time in case of nega-
tive results. The lack of appropriate explan-
ations of the nature of FD may leave
patients worried about their clinical

condition and symptoms; thus, they might
have decided to abandon clinical trials and
examinations.?

To date, the role of H. pylori in the
development of FD remains unclear. In
particular, H. pylori has not been associated
with specific FD symptoms and its eradica-
tion is not clearly associated with any
improvement of clinical FD symp-
toms."**** Diet and dietary components,
such as coffee, alcohol, high-fat meals, car-
bohydrates, carbonated drinks and some
vegetables, have been considered to play a
role in triggering or exacerbating specific
FD symptoms.*>>>2’

The beneficial effects of probiotic sup-
plementation in reducing FD symptoms
(including nausea, postprandial fullness,
and upper GI pain) have been studied pre-
viously.”*** According to Agah et al.,*
four studies have reported investigating a
single bacterial strain: one that used L. reu-
teri,® and three that used L. gasseri
OLL2716 (LG21),"2%3 while two studies
reported using combinations of probiotic
strains.*¥

Overall, the present results suggest that
the combination of probiotics (L. rhamno-
sus LR04 [DSM 16605], L. pentosus LPSO1
[DSM 219801, L. plantarum LPO1 [LMG P-
21021], and L. delbrueckii subsp. delbruekii
LDDO1 [DMS 22106]) has beneficial effects
in reducing PDS symptoms after treatment
for 30 days. The microorganisms were
administered as a microencapsulated prep-
aration, which extends the viability of bac-
teria, allowing survival in a low pH
environment.*>** The present results were
consistent with the literature,’'> even
with slight differences, e¢.g., one study
focused on the eradication of H. pylori
using a probiotic combination,** while
another used a combination of probiotics
and an olive-oil treatment.®' In the present
study, administration of a probiotic combi-
nation of four Lactobacilli species showed
the synergistic effects exerted by a cocktail
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of well characterized probiotic strains, cor-
roborating previously published results.*
To the best of the authors’ knowledge,
this is the first study to specifically investi-
gate the use of probiotics alone or com-
bined with standard pharmacological
therapy (prokinetic, antacid, or proton-
pump inhibitor). The main symptoms of
PDS (postprandial filling and early satiety)
were significantly reduced at the end of the
trial, and probiotic alone showed the high-
est prevalence of no symptoms. Taking into
account that PDS is specifically related to
motility disturbance,’® the combination of
probiotic plus prokinetics was not an ideal
treatment. As a possible explanation, PDS
is characterized by fasting and postprandial
gastric hyper-mechano-sensitivity.® The
results in patients with EPS were more dif-
ficult to interpret, since all of the treatments
improved or eradicated specific symptoms
(epigastric pain and epigastric burning),
but no treatment statistically outperformed
the others. Another important aspect is the
potential competition for nutrients exerted
by Lactobacilli on the resident, and poten-
tially dangerous intestinal flora.?® It is well
known that eubiotic microflora in the small
intestine consist of mixed aerobe and facul-
tative anaerobic bacterial populations
(<10*CFU/ml in healthy patients), that
can easily overgrow causing small intestinal
bacterial overgrowth syndrome.*®
Lactobacilli and other probiotics can rapid-
ly colonize intestinal mucosa acting as pro-
tective agents or they can acidify the
surrounding intestinal ecosystem making
this environment uncomfortable for patho-
gen replication.?’

The results of the present study may be
limited by several factors. First, patients
were enrolled on a volunteer basis and
some patients did not complete the trial
after the initial visit, perhaps due to tempo-
rary improvement of their health condition,
or a lack of health benefit, which may have
demotivated them to warrant further

commitment. Thus, a high proportion of
patients were lost to follow-up (did not
attend T1 visit), however, despite the high
drop-out rate, the results remained highly
significant. Secondly, the lack of a unique
diet for all patients enrolled during the clin-
ical trial may have introduced some bias in
terms of pharmacological alterations. As
previously reported, diet is one of the
most critical parameters that may exacer-
bate clinical symptoms associated with
FD.?**?7 Thirdly, changes or alterations
in the intestinal microbiota that could
explain both PDS and EPS features were
not investigated. The fourth limitation is
connected to the third; the evolution of
intestinal microbiota may affect the faeces
consistency, which was another aspect not
investigated in the present study. Finally,
since the study was not planned as a clinical
trial, a placebo group was not included.
However, no adverse events during probi-
otic treatment for dropped-out patients was
reported.

In conclusion, dyspeptic symptoms were
reduced in all patients following treatment
with probiotics alone, or combined with
conventional pharmacological therapy.
This pilot study aimed to represent a snap-
shot of events during the clinical manage-
ment of FD that included a combination of
probiotics, and is intended to be preparato-
ry to a subsequent clinical trial.
Nevertheless, the results are consistent and
statistically well-supported. The present
preliminary findings require validation
with additional data from further investiga-
tions, including a double-blinded and ran-
domized clinical trial.
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