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Abstract

Irritable bowel syndrome (IBS) — functional gastrointestinal disorder (FGIDs) and disorder of gut-brain interaction (DGBIs)
—has emerged as an important medical problem with an impact on health care systems, affecting patients’ quality of life. The
management of IBS consists of pharmacological and non-pharmacological treatments; however, the data of their long-term
efficacy are scarce. Modulation of gastrointestinal microbiota, by means of probiotics and prebiotics, is often sought and adver-
tised as a popular treatment modality in IBS. Faecal microbiota transplantation (FMT) awaits recommendations for IBS treatment
and requires more methodological assessments. To date, numerous guidelines and recommendations have been published on
the role of probiotics in IBS. Because no probiotic claim for probiotics in foods has yet been granted by the European Food and
Safety Authority (EFSA), medical practitioners still recommend probiotics on the basis of available literature and recommenda-
tions released by independent health authorities. We aimed to summarize published formal recommendations and guidelines
regarding the clinical effectiveness of available probiotic strains and conduct a random-effects meta-analysis of outcomes for
which > 2 studies contributed data on the same probiotic strain recommended to adults with IBS. Based on available and most
recent guidelines, we report that probiotics, as a group, may be an effective treatment for global symptoms and abdominal pain
in IBS, with the strongest effect for genus Lactobacillus. Our current and updated meta-analysis is in line with several reports doc-
umenting significant effects of Lactobacillus plantarum (Lp299v) in reducing the risk of global symptoms and their persistence,
which could assist clinicians in making the choice for the right probiotic strain in IBS patients.

For the 2 most common DGBIs syndromes — IBS and

Introduction functional dyspepsia (FD) — the worldwide prevalence

Irritable bowel syndrome (IBS) has emerged as an
important medical problem with a major impact on
global health care systems and patients’ quality of life.
IBS lies in the spectrum of functional gastrointestinal
disorders (FGIDs), recently named disorders of gut-
brain interaction (DGBIs). According to Rome IV crite-
ria, FGIDs/DGBIs are classified by gastrointestinal symp-
toms related to a combination of any of the following:
i) motility disturbances, ii) visceral hypersensitivity,
iii) altered mucosal and immune function, iv) gut microbi-
ome, and/or v) central nervous system functioning [1, 2].

ranges from 1.1% to 57%, which could reflect the scale
of methodological heterogeneity, differences among
surveyed populations, or methodological biases among
reported studies [3]. Several factors could contribute
to various biases of outcomes in IBS studies, including
(yes or no) reporting of the following: i) comorbid condi-
tions, ii) dietary habits, iii) mental health status, iv) eth-
nicity, v) timing of enrolment, vi) recording of menses,
vii) the use of a run-in periods, viii) effect size and for-
mal statistical power analysis, ix) clinical endpoints,
x) fluctuations in symptoms, and xi) the potential for
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wide variations in bowel habits [4]. In the most recent
large-scale multinational study, comprising 33 coun-
tries, the investigators reported that more than 40% of
persons worldwide suffer from FGIDs/DGBIs with IBS
rates between 3% and 5% in most countries [3].

The treatment of IBS consists of various pharma-
cological and non-pharmacological modalities; howev-
er, the data of long-term follow-up for most of them
are scarce [5, 6]. Many patients initially benefit from
placebo effect [7, 8] but respond poorly to longer-term
treatments [9], either do not tolerate or not respond
to pharmacotherapy, and may be worried by potential
adverse events [10]. Finally, some patients may become
dissatisfied with doctors’ advice and treatment options.
Modulation of gastrointestinal microbiota by means of
probiotics and prebiotics is often sought, advertised as
a popular treatment modality among IBS patients [11].
Faecal microbiota transplantation (FMT) currently is not
routinely recommended for IBS treatment and requires
further methodological assessments [12].

To date, experts, authorities, and medical societies
conduct and aim to publish well-powered, appropri-
ately-designed studies and offer their interpretation
of data with a high level of evidence (i.e. systematic
reviews and meta-analyses) to draw conclusions or
develop guidelines and recommendations. Until now
numerous guidelines and recommendations have been
published concerning the role of probiotics in IBS. Of
note, claims for probiotics in foods in the European
Union (EU) are yet to be granted by the European Food
and Safety Authority (EFSA). Therefore, medical experts
still recommend probiotics on the basis of scientific lit-
erature and recommendations preferably released by
independent and non-commercial health authorities.

In the last decade numerous guidelines and recom-
mendations evaluating the utility of probiotics in IBS
have been published [13-16]. However, not all reports
available on the Internet are adhering to standards of
evidence-based medicine (EBM), lacking scientific va-
lidity, and presenting contrasting conclusions, which
makes clinical judgment difficult. Sadly, uncertainty
among medical professionals regarding the choice of
probiotics in IBS still exists. Similarly, patients’ queries
to medical practitioners regarding the role of probiotics
in their digestive misalignments, including IBS symp-
toms, are frequent. The questions raised are often diffi-
cult to answer because most of the probiotics available
on the market are registered as food supplements, fre-
quently with no clear evidence of efficacy.

Aim
Therefore, we aimed to analyse published recom-
mendations and guidelines regarding the clinical effec-
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tiveness of various probiotic strains recommended to
adults with IBS.

Material and methods

The strategy to evaluate the papers relevant to our
aims comprised the following steps: 1) searching for
relevant recommendations/guidelines, 2) applying ex-
clusion criteria, and 3) synthesizing guideline recom-
mendations to identify issues potentially relevant to the
efficacy of probiotics in IBS.

Data Sources and Search Terms

For the present rapid review, we conducted a search
in PubMed/Embase/Google Scholar up to 15 May 2021,
using the following search terms:

Embase: (‘irritable bowel syndrome’ OR ibs OR ‘di-
gestive system function disorder’/exp OR ‘digestive sys-
tem function disorder’ OR ‘functional gastrointestinal
disorder’ OR ‘gastrointestinal dysfunction’ OR ‘gastro-
intestinal function disorder’ OR ‘gastrointestinal tract
function disorder’) AND ‘treatment’ OR ‘management’
OR ‘drugs’ OR ‘agents’ OR ‘therapy’ OR ‘clinical prac-
tice’ OR ‘probiotic agent’/exp OR ‘probiotic’ OR ‘probi-
otic agent’ OR ‘probiotics’ OR ‘synbiotic agent’/exp OR
‘synbiotic’ OR ‘synbiotic agent’ OR ‘synbiotics’ OR ‘mi-
crobes’ OR ‘beneficial microbes’ OR ‘beneficial bacteria’)
AND (‘systematic review’/exp OR ‘review, systematic’
OR ‘systematic review’ OR ‘practice guideline’/exp OR
‘recommendations’/exp).

PubMed: (irritable bowel syndrome OR ibs OR diges-
tive system function disorder OR digestive system func-
tion disorder OR functional gastrointestinal disorder OR
gastrointestinal dysfunction OR gastrointestinal func-
tion disorder OR gastrointestinal tract functiondisorder)
AND (treatment OR management OR drugs OR agents
OR therapy OR clinical practice OR probiotic OR probi-
otic agent ORprobiotics OR synbiotic agent OR synbiotic
OR synbiotic agent OR synbiotics OR microbes OR bene-
ficial microbes OR beneficial bacteria) AND (systematic
review OR review, systematic OR systematic review OR
practice guideline OR recommendations).

The electronic search was supplemented by a man-
ual review of the reference lists from eligible publica-
tions and relevant reviews. Taking into account recently
published guidelines exploring the role of probiotics in
IBS by major gastrointestinal societies, the most recent
being from the American Gastroenterology Association
(AGA) [17, 18] and the British Society of Gastroenter-
ology (BSG) [19], we decided to present to outcomes
of our analysis in the form of a rapid review and syn-
thesis of data, in which parts of the systematic review
process are either simplified or omitted to obtain the
information in a timely manner. Because our study is



Probiotics in irritable bowel syndrome —is the quest for the right strain over? Rapid review of existing guidelines and recommendations 371

a rapid review the results are potentially not exhaus-
tive. The eligible papers were chosen by 2 authors (PK
and WM).

Inclusion and exclusion criteria

Our inclusion criteria were as follows:

1) documents (recommendations/guidelines) in which
the effectiveness of probiotics in patients with IBS
was analysed;

2) documents (recommendations/guidelines) in adult
humans (> 18 years old);

3) documents in English, German, and Polish;

4) recommendations/recommendations of scientific
societies, medical organizations, and expert groups
that are formalized.

Exclusion criteria were:

1) reports with no IBS-related outcome;

2) reports with no probiotics-related outcome;

3) commercial, advertisement, etc. recommendations.

Outcomes

After selecting the papers, we abstracted data on
the following sections: i. general statement of the au-
thorities, ii. level of recommendation along with the
quality of evidence, and iii. recommended probiotic
strains. The Excel files with abstracted data completed
by each investigator were compared with the content
of the others’ files, and any discrepancies were solved
by the last author by consensus.

Pooling results

We conducted a random effects [20] meta-analysis
of outcomes for which > 2 studies contributed data on
the same probiotic strain, using Comprehensive Me-
ta-Analysis V3 (http://www.meta-analysis.com). We
explored study heterogeneity using the y? test of ho-
mogeneity, with p < 0.05 indicating significant hetero-
geneity. All analyses were 2-tailed with alpha equal to
0.05. Categorical outcomes (global symptoms and ab-
dominal pain persistence) were analysed by calculating
the pooled risk ratio (RR). We inspected funnel plots
and used Egger’s regression test [21] and the Duval and
Tweedie’s trim and fill method [22] to quantify whether
publication bias could have influenced the results.

Results and discussion

We identified 17 papers presenting guidelines or
recommendations for probiotics in irritable bowel syn-
drome. Overall, in 13 guidelines/recommendations, pro-
biotics were recommended, whilst in 4 statements no
recommendation or “advise to use probiotics only in the
content of clinical trial” were given. The position state-

ments of societies’ recommendations regarding the
use of probiotic strains in IBS are presented in Table |
(synthesis of the recommendations related to probiot-
ic therapy in IBS). The dose and duration of probiotic
therapy reported across IBS guidelines are presented in
Table II. The quality of evidence among selected guide-
lines and recommendations varied from very low to
moderate. The level of recommendation ranged from
no recommendation (AGA 2021) [17, 18], through con-
ditional (CAG 2019) [16], to strong recommendation
(JSGE 2021) [14]. Most of the reports followed system-
atic methods to search for evidence. Moreover, a diverse
multidisciplinary working group of clinicians and aca-
demics with experience in primary, secondary, or tertia-
ry care, as well as dietetics, were involved in some more
recent guidelines [17] working with the collaboration
of IBS patient networks, using the Grading of Recom-
mendations Assessment, Development, and Evaluation
system to evaluate the strength of the recommenda-
tions and the overall quality of evidence [17]. However,
the majority of positive recommendations for probiotics
in IBS declared insufficient evidence for any particular
probiotic strains or species.

The most recent guidelines of the British Society of
Gastroenterology (BSG) recommended dietary advice as
a first-line strategy in all patients with IBS (recommen-
dation: strong, quality of evidence: weak) and probi-
otics, as a group, as an effective treatment for global
symptoms and abdominal pain in IBS (recommenda-
tion: weak, quality of evidence: very low) [19].

The study published recently by the American Gas-
troenterological Association (AGA) presented contrast-
ing guidelines (no recommendations for probiotics in
IBS due to insufficient data and knowledge gap) utiliz-
ing a process for developing clinical practice guidelines
following the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) approach
and best practices as outlined by the National Academy
of Science (formerly the Institute of Medicine) [17]. In
their recent guideline summary the AGA states: “Al-
though there has been a substantial number of studies
examining probiotics in various gastrointestinal diseas-
es, the studies have been extremely varied, including
differences in the strain of microbes used, dose, and
route of administration, as well as the research meth-
odology, including differences in the reporting of end
points and outcomes. Furthermore, most of the studies
with probiotics involved a relatively small number of
patients compared to trials investigating the effects of
pharmacological interventions. Conclusions drawn from
meta-analyses or systematic reviews can be misleading
if different studies with different patient populations,
different reported end points and outcomes, or differ-
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pain or bloating in IBS in secondary care
flatulence or QoL in IBS

Comments
Marginally improved global symptoms but not abdominal
Improved global symptoms and abdominal pain but not
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Lactobacillus sp. HY7801, Bifidobacterium
longum HY8004 and Lactobacillus brevis

HY7401
Lactobacillus acidophilus ADO31 and

Bifidobacterium bifidum BGN4,
Lactobacillus casei IBS041

Bifidobacterium lactis ADO11,

Table Il. Cont.
Strain
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Marginally improved IBS-C, abdominal pain and bowel
frequency in second care but it did not improve IBS-C and

RCT

4 weeks

1.25 x 10 + 1.2 x 10°

Bifidobacterium lactis CNCM [-2494,
with Streptococcus thermophilus and

IBS-M in primary care

Lactobacillus bulgaricus

IBS-C — irritable bowel syndrome — constipation predominant, IBS-M — irritable bowel syndrome of mixed type, IBS-D — irritable bowel syndrome — diarrhoea predominant.

ent strains or combinations of probiotics are grouped
together inappropriately” [17].

Of all the analysed statements and recommenda-
tions, we paid attention to the most recent BSG guide-
lines on the management of IBS [19], which followed
those recently released by AGA [17]. In contrast to the
AGA recommendations, the BSG state that probiotics,
as a group, may be an effective treatment for global
symptoms and abdominal pain in IBS. Subgroup anal-
yses of 45 randomized clinical trials (RCTs), randomiz-
ing 6352 patients according to type of probiotic used,
demonstrated the strongest effects on global symptoms
or abdominal pain for Lactobacillus (relative risk (RR)
= 0.75; 95% confidence interval (Cl): 0.60-0.94). How-
ever, variations in study design, strain, and species of
probiotic used, and heterogeneity between studies did
not allow for specific strain recommendations. Probiotic
effects are strain dependent and should be documented
in at least one RCT, preferably accompanied by confir-
matory trials [23, 24]. Despite an overall large number
of RCTs in IBS, only a few of them used the same probi-
otic strain. Therefore, we conducted subgroup analysis
on Lactobacillus plantarum 299v (Lp299v) in compar-
ison to other Lactobacilli reported in the most recent
guidelines [19]. For 11 meta-analysed studies including
843 patients and investigating the effect of Lactobacil-
lus species for global symptoms and abdominal pain in
IBS, 82% heterogeneity (/?) was reported. Among them,
3 RCTs including 240 patients investigated the effect
of Lp299y, reporting RR = 0.67 (p = 0.04) with /> = 62.5
(p = 0.07). For other Lactobacilli, RR 0.79 (p = 0.08) with
I?=80.3 (p < 0.001) were found. Publication bias for all
Lactobacilli studies was not relevant (p = 0.59). A simi-
larly low and statistically non-relevant /> (51%, p = 0.09)
was reported for IBS studies investigating the effect of
Bifidobacteria, with 2 studies using the same probiotic
strain Bifidobacterium bifidium HI-MIMBb75, but with
overall less risk reduction (RR = 0.80; 95% Cl: 0.70—
0.91). In the case of Saccharomyces, 3 studies were me-
ta-analysed with very high heterogeneity (?= 96%) and
no significant effect on IBS global symptoms or abdom-
inal pain (p = 0.18). Our current subgroup analysis (Fig-
ures 1 A, B) is in line with previous meta-analysis [25]
reporting significant effects of Lp299v in reducing the
risk of symptom persistence. Moreover this meta-anal-
ysis shows that a total favourable effect of Lactobacilli
in IBS is driven by Lp299v. These observations “should
considerably assist clinicians in making recommenda-
tions regarding the choice of probiotic that a patient
should take” [26]. Of relevance are studies investigat-
ing the effects of probiotics in IBS in real-life settings.
Of those reported in real life Lp299v significantly alle-
viated the global IBS symptoms, achieving maximum
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Figure 2. Adhesive properties and mechanism of action of LP299v probiotic strain [28, 30, 31]. Some mech-
anisms of probiotic action might be widespread; others frequently observed, yet others may be rare and
characteristic for only a few strains of a given species. Evidence is mounting. Major probiotic mechanisms
of action include enhancement of various elements of the epithelial barrier, increased adhesion to intestinal
mucosa, concomitant inhibition of pathogen adhesion, competitive exclusion of pathogenic microorganisms,
production of anti-microorganism substances, and modulation of the immune and neural systems. The main
mechanisms of action of S. boulardii include inhibition of activities of bacterial pathogenic products, trophic
effects on the intestinal mucosa, as well as modification of host signalling pathways involved in inflamma-
tory and non-inflammatory intestinal diseases. The mechanism involved in anti-mutagenic activities is the
ability of bifidobacteria to bind to the mutagens of microbial cells

effect within 12 weeks of treatment [27], which is in
line with the most recent guidelines as for time of pro-
biotics administration [1]. These effects could be facili-
tated through unique mechanisms already known and
described [28-32] for the Lp299v strain (Figure 2). Of
importance, Lp299v fulfils the regulatory statements
of Binda et al., which are as follows: “Probiotic strains
must be (i) sufficiently characterized; (ii) safe for the
intended use; (iii) supported by at least one positive
human clinical trial conducted according to generally
accepted scientific standards or as per recommenda-
tions and provisions of local/national authorities when
applicable; and (iv) alive in the product at an efficacious
dose throughout shelf life” [24]. Although the non-vi-
able B. bifidum HI-MIMBb75 strain, also evaluated by
Vasant et al. [19] in BSG recommendations, substan-
tially alleviated IBS and its symptoms in real-life, ac-
cording to the International Scientific Association for
Probiotics and Prebiotics (ISAPP), dead microbes should

Gastroenterology Review 2021; 16 (4)

not come under the probiotic classification [8]. As stat-
ed in current BSG guidelines [19], adverse event rates
were similar in the probiotic and placebo arms, which is
in agreement with the Agency for Healthcare Research
and Quality (AHRQ), which reported no increased RR
of the overall number of experienced adverse events
(RR =1.00; 95% Cl: 0.93-1.07; p = 0.999), gastrointesti-
nal, infections, and other adverse events, including seri-
ous adverse events (RR = 1.06; 95% Cl: 0.97-1.16; p =
0.201), associated with probiotic intake [33]. This is im-
portant because consumer awareness on probiotics is
rising, as is their intake for general digestive or health
reasons [34]. Therefore, as well as guidelines, quality
manufacturing control is critical for probiotic safety and
efficacy. According to the FAO/WHO, probiotics are “live
microorganisms which when administered in adequate
amounts confer a health benefit on the host” [35]. All
constituents of this definition should be taken into con-
sideration when defining probiotic manufacturing and
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quality requirements. Most probiotics available on the
market contain Lactobacilli or Bifidobacteria, as well as
few other types of microorganisms. The choice of pro-
biotic strains in the final probiotic product is based on
biological, technological, and legislative factors. Probi-
otics undergo several technological and industrial steps,
which include lyophilization (freeze-drying), with the po-
tential to seriously alter their viability and end-product
stability. Once ingested, probiotics initiate numerous
physiological effects in the gastrointestinal tract (e.g.
biofilm formation, release of bioactive substances, com-
peting with other microorganisms). The evaluation of
an effective probiotic dose is experimental. According
to available literature the daily dose of ingested probi-
otic bacteria should range between 108 and 10! CFU/
day live bacteria [36]. The declared number of viable
bacteria in the product should be maintained through
the shelf-life date. Because the probiotic-related health
properties are strain and dose dependent, claims should
be documented in well-planned and -conducted, ran-
domized, placebo-controlled clinical trials [37]. More-
over, translucent legislative procedures are needed for
probiotics, currently classed in the nomenclature either
as food or drugs.

Conclusions

Probiotics, as a group, may be an effective treatment
for global symptoms and abdominal pain in patients
with IBS. Subgroup analyses of available randomized
clinical trials (RCTs), according to the type of probiot-
ic used, demonstrated the strongest effects on glob-
al symptoms or abdominal pain in patients with IBS
for the genus Lactobacillus, but this effect is driven by
strain Lp299v. Lp299v significantly alleviates the glob-
al IBS symptoms, achieving maximum effect within
12 weeks of treatment, which is in line with the most
recent and major gastrointestinal society guidelines as
for the time of probiotics administration. Our current
analysis is in line with previous reports documenting
significant effects of Lp299v in reducing the risk of
global symptoms and their persistence, which could as-
sist clinicians in making the correct choice of probiotic
strain in IBS patients [38]. Head-to-head studies eval-
uating the efficacy of the same or different probiotic
strains in IBS patients are lacking, which stand behind
limitations of various meta-analyses. Probiotics have
good safety profile but require restrictive manufacturing
procedures and high quality control standards.
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