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Abstract
This paper addresses the use of systematic review and meta-analysis to evaluate the strength of evidence for health
benefits of probiotic foods, especially relating to health claim substantiation in the European Union. A systematic
review is a protocol-driven, transparent and replicable approach, widely accepted in a number of scientific fields,
and used by many policy-setting organizations to evaluate the strength of evidence to answer a focused research
question. Many systematic reviews have been published on the broad category of probiotics for many different
outcomes. Some of these reviews have been criticized for including poor quality studies, pooling heterogeneous
study results, and not considering publication bias. Well-designed and -conducted systematic reviews should address
such issues. Systematic reviews of probiotics have an additional challenge – rarely addressed in published reviews - in
that there must be a scientifically sound basis for combining evidence on different strains, species or genera. The
European Food Safety Authority (EFSA) is increasingly adopting the systematic review methodology. It remains to
be seen how health claims supported by systematic reviews are evaluated within the EFSA approval process. The
EFSA Panel on Dietetic Products, Nutrition and Allergies deems randomized trials to be the best approach to generating
evidence about the effects of foods on health outcomes. They also acknowledge that systematic reviews (with or
without meta-analyses) are the best approach to assess the totality of the evidence. It is reasonable to use these
well-established methods to assess objectively the strength of evidence for a probiotic health claim. Use of the
methods to combine results on more than a single strain or defined blend of strains will require a rationale that
the different probiotics are substantively similar, either in identity or in their mode of action.
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Introduction
Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit on
the host [1]. Although probiotics can be administered in
different regulatory categories of products, this paper
focuses on probiotics used in foods. Probiotic foods
include yogurt, cheese, juices, and cereal bars among
others, the most common being yogurt. European Union
(EU) consumers have used probiotic foods for decades,
but with the implementation of EU legislation on health
* Correspondence: mes@mesanders.com
4
Dairy & Food Culture Technologies, 7119 S. Glencoe Ct., Centennial, CO
80122, USA
Full list of author information is available at the end of the article

claims starting in 2009, no specific health claims for probiotic foods have been approved by the agency responsible for reviewing health claim substantiation in the EU,
the European Food Safety Authority (EFSA). As a result,
at this point in time (September 2014), probiotic food
labels cannot communicate any health benefits to consumers in the EU. Determining what level of evidence is
deemed sufficient to support health claims for probiotics
has been much debated in recent years [2-8]. In addition
to the lack of approved health claims for probiotics in
the EU, the European Commission has indicated that
the term “probiotic” in itself is an implied health claim,
and subsequently the term “probiotic” should not be
used on products in the absence of an approved health
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claim [9]. Also descriptors such as “live active cultures”
or “active bacteria” have been banned as descriptors for
foods by some member states: Ireland [10] and Sweden
[11]. Therefore, no health claims can be made on probiotic foods in the EU, even though evidence for health
benefits of probiotics mounts in the scientific literature
[12-16]. One reason for this seeming disparity is that
studies to substantiate health claims for foods must (1)
be conducted on subjects reflecting the general population, and (2) target functional or reduction of disease
risk endpoints rather than therapeutic ones, [17] rendering some probiotic research ineligible to substantiate
food claims. The medical community may be less inclined to make such a distinction. For example, the
European Society for Primary Care Gastroenterology
[18], the World Gastroenterology Organisation [19] and
the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition [20] have all published guidelines for probiotic use.
One tool that can provide the most objective assessment of evidence on a given endpoint is a systematic
review (SR), with or without a meta-analysis (MA) (the
statistical combination of the results of the included
studies to provide an estimate of the size of an effect or
association). By systematically and rigorously identifying
and critiquing as much of the available evidence for a
pre-specified intervention, comparator and endpoint as
possible, an assessment of the relevant body of evidence
can be made. Based on this assessment, it may be
possible to draw conclusions about the strength of the
evidence for a specific intervention versus a specific
comparator. This is a well-established approach that has
been used in many fields including health and social care
[21] and has also been used to explore the benefits of
probiotics. Here, we review what is required for a wellconducted systematic review to set the stage for discussion of applying this method to assess evidence to
substantiate a health claim for a probiotic food.
Our focus is not to build a case for any specific
probiotic health claim, but to discuss the scientific basis
for appropriate application of the systematic review and
meta-analysis approach to assessing the totality within
the field of probiotics. Although the literature is replete
with meta-analyses where data on different strains and
probiotic preparations have been pooled, critics hold
that such techniques should be reserved for data on the
same probiotic strain or strain blend. We propose that
in certain well-considered situations, it is possible to
pool results on different probiotics. Developing a scientific rationale based on substantial identity or common
modes of action may justify such an approach. Although
some probiotic functions are certainly strain-specific, we
suggest conversely that not all probiotics function differently. When it is possible to link different probiotic
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strains by a common mechanism of action, pooling data
on these strains may be appropriate.
What are systematic review and meta-analysis?

A SR is a review that follows a pre-specified protocol
to identify, select, critique, synthesize and summarize
evidence to answer a focused research question [22-24].
Generally, there are seven steps to a SR [22,24-30]:
Step
Step
Step
Step
Step
Step
Step

1:
2:
3:
4:
5:
6:
7:

Framing the question
Identifying potentially relevant studies
Study selection
Data extraction
Quality assessment
Synthesizing the evidence
Interpreting the findings

In brief, the first step involves defining and refining a
research question [31] followed by the development of a
protocol that sets out in detail how the SR steps will be
conducted. The protocol presents the research question
in terms of the Population of interest, Intervention(s)
received by the population, Comparator interventions,
Outcome(s) (or endpoints), and Study types of interest.
This type of conceptual breakdown of the research question is known as ‘PICOS’. It is generally recommended
that the protocol be peer-reviewed by external reviewers
and then registered (e.g., through the International Prospective Register of SRs PROSPERO [32]. This is to
encourage adherence to the protocol and to maximize
transparency.
After the protocol is finalized, an extensive literature
search is undertaken to identify relevant studies, including a search for both unpublished and published data,
preferably regardless of language. Next, study titles and
abstracts, and then full papers or unpublished reports
are screened for inclusion in the SR with inclusion decisions made based on the defined ‘PICOS’. The data required to answer the review question are then extracted
from the included studies and the methodological quality of the studies is assessed. It is recommended that
study selection and data extraction are conducted by at
least two reviewers working independently in order to
minimize human error in making decisions about study
relevance and to maximize accurate reporting of the
data. To maximize consistency and reduce opportunities
for error, data extraction should be piloted within
spreadsheet or review software, by both reviewers, and
the agreed template used for all studies. Additional data
may be collected from the original researchers who
conducted the included studies [33].
Quality assessment of the included studies is a key
component of the SR process as it provides a view on
the reliability of the evidence reported in each of the
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studies. There are a number of quality assessment and
risk of bias tools available [22,24,34-38] and they are
usually specific to the study type (i.e., a different quality
assessment tool asking different questions would be used
for randomized trials than for non-randomized observational studies).
Depending on the nature of the outcome data, the
results of SRs may be presented in a narrative and/or
quantitative synthesis. When it makes sense to combine
data from similar studies (i.e., when they have similar
participants, interventions and outcomes) it may be
possible to quantitatively synthesize the outcomes using
statistical techniques such as meta-analysis (MA). MA
pools results from different studies to obtain an average
estimate of effect across studies. In simple terms, studies
may be weighted so that larger studies have a greater
impact on the pooled result than smaller studies. This
method increases the statistical power to detect a difference in effect that may not be detected in individual
studies, and increases the precision of the estimate of
the effect of the intervention [22,24]. Inevitably, there
will be some variation in the estimated effects between
studies included in a MA. If the variation is significant
(statistically heterogeneous) subgroup analyses may be
conducted. Ideally these should be specified a priori in
the case of study characteristics that would be expected
to influence treatment effects. Subgroup analyses are
also used to explore inconsistencies between study results that are unlikely to have arisen by chance alone
[22]. Sensitivity analyses may also be conducted (for
example, omitting studies with lower quality from the
analysis) to give an indication of the ‘robustness’ of the
results [39]. Meta-regression is an extension to subgroup
analysis that evaluates continuous and categorical variables [24].
The last step of the SR process includes interpretation of the findings in the context of the quality of the
body of evidence [24,27]. If the SR includes a MA, the
degree of consistency across studies should be considered to increase confidence in the pooled estimate of
effect [35]. Without knowing the consistency of the results between studies (i.e., the degree of heterogeneity),
it is impossible to determine the generalizability of the
estimate for the average effects [35]. At this stage, the
main results are also discussed within the context of
other (systematic) review evidence and any gaps in the
evidence.
When reporting a SR, transparent reporting of the
review methods and assumptions should be the main
objective. SRs should conform to reporting guidance
such as the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework [28].
Ideally, systematic reviews should also be subject to
peer review.
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Use of systematic review and meta-analysis methods in
assessing the effects of probiotics

The SR process is used in several arenas to assess the
evidence base in support of regulatory and policy recommendations. Despite the robustness of SR methodology
for assessing a body of evidence, we identify four issues
relating to the use of meta-analysis in the field of
probiotics:
 Was the intervention defined appropriately?
 Was the search extensive and was publication bias

assessed? SRs which have not searched widely for
studies and which have not assessed publication bias
may produce biased results.
 Were results combined appropriately?
 Were analyses conducted to assess study quality?
SRs and MAs that do not explore the effect of
including lower quality studies run the risk of
providing unreliable results.
Was the intervention defined appropriately?

Defining the intervention can be a particular challenge
for SRs of probiotics, which comprise a broad range of
different genera, species and strains of live microbes. An
intervention, or the class of substance (such as a probiotic) that is the subject of the review, does not have to
be a single substance. But in the case of grouping multiple substances into one class, there must be a sound
rationale that the members of the class as defined are
expected to function in a similar manner (Table 1). A
probiotic intervention may comprise a single strain or a
mixture of strains selected from a broad range of live
microorganisms, including prokaryotic and eukaryotic
microbes of different genera, species and strains. Common bacterial genera used as probiotics include Lactobacillus, Bifidobacterium, Propionibacterium, Streptococcus
and Bacillus. Strains of the yeast, Saccharomyces cerevisiae (biovariant boulardii), are also used.
Observations by early researchers on probiotic
functionality, especially with regard to outcomes from
in vitro or animal studies, clearly indicate that different
strains of the same species may behave differently. Van
Hemert et al. [40] illustrate this point. They tested 42
Lactobacillus plantarum strains and found a 14-fold
difference in the strains’ ability to induce peripheral
blood mononuclear cells to secrete interleukin-10.
Similar strain-specific responses are seen in many other
in vitro and animal studies that assess biological properties of different probiotics. The body of literature in
human studies reveals few head-to-head comparisons
of probiotics. A few examples are available in the literature where different probiotic products or different
genera or species are compared. Canani et al. [41] compared 5 different probiotic preparations with a placebo
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Table 1 Criteria that may be acceptable* for combining different probiotic strains into the same ‘class of intervention’
for a specific outcome
Rationale

Probiotic formulation defining
the intervention class

Example

Comment

Common identity

Single strain of one specific genus L. acidophilus strain A
and specie

All studies include the same strain;
may include studies conducted in
different food matrices

Common identity

Single defined blend of multiple
strains (strains A + B + C)

L. acidophilus strain A
and L. casei strain B and
B. lactis strain C

Strains must be maintained in
equivalent relative doses in all
studies

Common taxonomy

Studies used different strains of
same species or subspecies?

L. acidophilus strain A, L.
acidophilus strain B, or L.
acidophilus strain C

Different studies using different
strains included

Common structural or secreted product
(e.g., beta-glycosidases, exopolysaccharides)

Different strains from a defined
All strains of L. bulgaricus Different studies using different
taxonomic group that may
and S. thermophilus
strains included
include different species or genera

Common mechanism of action known to be
Different strains from a defined
L. salivarius strain A
necessary and sufficient for the effect (e.g.,
taxonomic group that may
production of a specific bacteriocin or range of
include different species or genera L. salivarius strain B
bacteriocins known to be active against a specific
pathogen, or induction of immune mechanisms
needed for the effect)

Different studies using different
strains included

Common physiological effect previously proven
by at least one human study of quality

Different studies using different
strains included

Different strains from a defined
All strains
taxonomic group that may
include different species or genera

*To the extent that commonalities cannot be defined for different probiotic strains, studies on them should not be pooled into a meta-analysis. For example,
probiotics such as Saccharomyces boulardii, Bacillus coagulans and Bifidobacterium species likely are too different biologically and mechanistically from each other
to form one class of intervention. Additionally, even if taxonomically similar, if different strains have different mechanisms responsible for an effect, it may be
inappropriate to pool studies. For example, a meta-analysis on anti-infective actions of probiotics likely should not pool data from a Lactobacillus rhamnosus strain
where effects are known to be due exclusively through immune enhancing activity in the small intestine and a Lactobacillus salivarius strain where effects are
known to be due primarily through bacteriocin production in the colon.

and found that two, but not the other three, were
effective in treating children with acute diarrhoea.
O’Mahony et al. [42] compared a Lactobacillus salivarius strain and a Bifidobacterium infantis strain in subjects with irritable bowel syndrome and found that only
the B. infantis strain significantly alleviated symptoms.
Such studies show that in some cases, different clinical
outcomes result from using different strains. However,
in other conditions, different strains of probiotics have
a similar impact on a particular clinical endpoint. This is
the case with necrotizing enterocolitis [43], antibioticassociated diarrhoea [14] and upper respiratory tract infections [12], where SRs combining results of multiple
probiotic preparations resulted in convincing evidence of
efficacy for a broad range of probiotics. In these examples,
not all tested probiotics seemed equivalently effective, but
different probiotics were effective. In fact, many SRs published on probiotics have tended to combine all probiotic
preparations, although criticism of this approach is building [19]. Some SRs that have included a wide range of
probiotic strains conclude that not all strains are equally
effective [44]. A few SRs have focused on single strains,
such as L. rhamnosus GG [45,46], S. boulardii [47] or L.
reuteri [48].
A scientific justification may exist for grouping multiple strains, species or even genera of probiotics into

one class of intervention for the purpose of conducting
a SR and MA. It may be appropriate to group multiple
strains of a narrow taxonomic cluster, such as Bifidobacterium animalis subsp. lactis where evidence shows little
diversity in the members of this subspecies. Lee and
O’Sullivan state that four strains of B. animalis subsp.
lactis exhibited >99% sequence identity over their entire
genomes, indicating a very closely related group [49].
Masco et al. [50] have also shown that based on pulsedfield gel electrophoresis, all commercial B. lactis strains
are indistinguishable. Barrangou et al. [51] also found a
high degree of genome conservation indicative of a
monomorphic subspecies. Collado et al. [52] showed
that 7 of 8 B. lactis strains had essentially the same
strain-specific pattern as indicated by a random amplified polymorphic DNA technique. Such taxonomic
grouping may, however, be criticized in the absence of
information on the mechanism of action for the benefit,
since it is possible that the part of the genome that is
not shared encodes the functional activity.
It may also be appropriate to propose that several probiotics might be legitimately grouped based on the production of common “structures”, such as peptidoglycan,
flagellae or exopolysaccharides, known to evoke specific
physiological responses in the host or could be grouped
based on a common mechanism of action. This latter
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example is the case with the yogurt cultures, where aiding lactose digestion is linked to the microbial production of beta-galactosidase. EFSA approved the health
claim that “yogurt cultures” (which encompass any
strains from the species Lactobacillus bulgaricus and
Streptococcus thermophilus) could improve lactose digestion [53]. Note that this claim does not extend to the
Lactobacillus genus, as mixed results have been reported
among other tested Lactobacillus species. In another
example, it is conceivable that a class could be defined
as members of a specific taxonomic cluster that also
produce certain levels of a certain metabolite in vivo,
such as specific short chain fatty acids.
When clustering different probiotics into one intervention group, the conclusions of the SR could only
apply to the intervention class as defined. Therefore, if
the intervention was defined as the subspecies, B. animalis subsp. lactis, rather than B. animalis subsp. lactis
strain Bb-12, for example, then the conclusions of the
SR would apply to all strains of B. animalis subsp. lactis,
whether tested in a human study or not. This concept
has already been accepted by EFSA in the case of yogurt
cultures. The presumption that any benefits apply only
to the individual strains used in the included studies
reflects a lack of conviction by those defining the class
as the subject of the SR that the class is logically and
appropriately defined. Where strains express unique
characteristics (not common to their genera or species)
that enable a specific health benefit, they should not be
grouped in a MA since results from one strain cannot
inform (or predict) effects of another strain of the same
genus or species. However, if there is a scientifically
sound basis for defining a class that encompasses different strains, information on all members of that class can
be used to provide a more comprehensive set of supporting data. If a study does not show an effect for one
of the strains in the class, this may simply represent a
study with null results, some of which will be expected
in any body of research. If a strain is not represented in
the collection of reviewed studies, it also does not mean
that it should be excluded from the general conclusions
on the benefit or otherwise of that class. Alternatively,
subgroup analysis that shows efficacy for specific members of the defined class may enable researchers to refine
the class more narrowly. Of note to this discussion is
that in theory, EFSA accepts pooling data from studies
of a well-defined food constituent that is responsible for
a claimed effect when given at the appropriate dose [54].
However, if pooling data on different probiotic products
(comprising different strains), we reiterate that it will be
necessary to provide a scientific justification for considering this group as a defined class.
Challenges emerge if one intends to use pooled data
from studies on different strains clustered into one
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intervention group as part of a dossier to substantiate an
EU health claim. One pillar of such a dossier is
characterization of the substance under consideration.
This section clearly defines what food or food ingredient
is the subject of the health claim. EFSA requires that
characterization is very specific. A strategy for definition
of the substance under review must be developed if data
from different strains, potentially delivered in different
matrices, are to be combined in a MA. It is possible that
a SR for a defined set of probiotics can be used as evidence for a dossier for one specific member of that class.
Then the characterization information should be specific
for that one member.
Was the search extensive and was publication bias
assessed?

Although the SR might be useful to bring the studies
together, the MA should not be undertaken when there
is likely to be serious publication bias, since this is likely
to provide an unreliable estimate of the true effect size
[24]. Publication bias occurs when publication is influenced by the results. An extensive search for both published and unpublished data and the use of a range of
different search techniques mitigates this issue, but relevant studies may still remain inaccessible to specific
reviews. This is why investigations of publication bias,
where possible, are helpful in revealing the possible extent of missed studies and the potential for risk of publication bias should be considered within the conclusions
of a SR [55]. Prospective trial registries such as ClinicalTrials.gov improve awareness of research that has been
undertaken and already includes numerous probiotic
trials.
Were studies combined appropriately?

When deciding whether to conduct a MA, input from a
topic expert is often helpful to ascertain whether it is appropriate to combine the results of the identified studies
[24]. Current guidance recommends that data should
not be pooled when there is a mix of different comparisons of different treatments, or when the outcomes are
too diverse (i.e., when they measure different variables)
[24]. In the case of probiotics, this guidance would not
preclude combining studies on different probiotic products as long as there is a solid scientific rationale for
grouping the different probiotics into one class. As an
extension to this, it may be misleading to combine results in a MA if there are substantial differences between
study estimates of effect, particularly if they are in
opposing directions [22]. If this occurs with probiotics
studies, the studies could be grouped into logical subsets, for example by probiotic strain, species, or genera
(defined a priori).
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Were analyses conducted to assess study quality?

MAs of poor quality studies may result in an erroneous
interpretation [24]. Different methods have been suggested to deal with this potential problem, such as only
including high quality studies in a review, or conducting
sub-group analyses, or sensitivity analysis by quality
criteria, to allow a focus on the higher quality studies.
Quality assessment may reflect concerns about study
methods, but may also take into account other aspects
of the study such as concerns about bias caused by the
funding of the research or inadequate information about
the study as a result of the publication format (in the
case of conference abstracts). The inclusion of only poor
quality studies in MA (or where a high proportion of the
weight of the evidence is from poor quality studies)
should be avoided, as they may cast doubt on any
subsequent conclusions, or even hinder any correct
interpretation.
Use of the systematic review/meta-analysis process by
the European Food Safety Authority

In 2010, EFSA published its guidance on the conduct of
SRs of relevance to food and feed safety [23]. EFSA
noted that, although rarely used in these areas, SR
methods had potential for application in the fields of
food and feed safety. In 2012, EFSA advertised a series
of framework agreements (Scientific Services to Support
EFSA Systematic Reviews) [56] with suppliers to provide
training in SR methods, to offer expert support at various stages of the SR process and to provide SRs to
EFSA. Suppliers were requested to perform SRs in line
with the methods described in the EFSA framework
agreements [56].
The EFSA guidance [23] clearly stresses the importance of precisely defined, closed-framed questions (exposure or intervention, diagnostic accuracy, descriptive
questions of populations or systems), which are captured
a priori in clear eligibility criteria for studies to be included in the review.
In cases where there is a large quantity of evidence, the
SR method can formally and systematically summarize
that evidence (with MA where data permit) and provide
more precise estimates of effects than an individual
study can provide. The value of the SR approach also
lies in its presentation of all of the available evidence
with an assessment of the quality of that evidence: the
strengths and limitations of the evidence base can thus
be seen in a clearer way. The more controversial the
topic, the more important it is for the SR process to be
described in detail, so that the methods can be understood and alternative approaches discussed. The EFSA
guidance provides a clear outline of a suitable process
for conducting a SR and some recommendations on the
reporting of a SR, without providing a formal reporting
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structure such as the PRISMA guidance described
earlier. In the recent framework tender documents [56],
suppliers are asked to consider documenting and reporting the method and results of the SR using the PRISMA
statement and, where that is not applicable, to document and explain any discrepancies from the PRISMA
statement.
The use of MA within SRs is guided by the suitability
of the data for pooling; the considerations informing a
decision to use MA are described in Appendix E of the
EFSA guidance [23]. Although this is not a formal
recommendation of the EFSA guidance, the presentation
of the issues around MA in the guidance suggests that
for SRs to be as transparent as possible, the rationale
and justification for MA should be presented in the SR
report. The discussion and conclusions of the SR should
be grounded in the a priori objectives for the SR and the
results identified. Again, adhering to this approach and
documenting the rationale in full will contribute to the
rigour and objectivity of a particular SR.
Use of the systematic review and meta-analysis for
evaluation of evidence to substantiate health claims on
foods in the European Union

In Europe, Article 6 of EC Regulation 1924/2006 states
that health claims for food labeling must be based on
and substantiated by ‘generally accepted scientific evidence’ [57]. In order to ensure that health claims made
are truthful and can be understood by consumers, health
claims undergo a specific procedure of assessment and
authorization involving consultation to the EFSA Panel
on Dietetic Products, Nutrition and Allergies (NDA
Panel) [57]. For the assessment of all types of health
claim applications (article 13.1, 13.5 or 14), the NDA
Panel considers whether the beneficial effect of the food
is substantiated by generally accepted scientific evidence
[57] using an assessment process of the highest possible
standard. As described by the NDA Panel, this involves
taking into account the totality of the available scientific
data, and weighing the evidence obtained from individual studies [57].
The EFSA ‘General guidance for Article 13.1, 13.5 and
14 health claims evaluation’ [57] indicates that data from
intervention and observational studies in humans should
be presented with the most reliable data being assessed
according to a hierarchy of study designs. Trials with full
randomization and adequate allocation concealment
(method of randomization reported) are deemed to be at
the top of the hierarchy of human intervention studies
for assessing a cause-effect relationship between the
consumption of the food or food constituent and the
claimed health effect [58]. Cohort studies are considered
to be at the top of the hierarchy for human observational studies [58].
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While the NDA panel did not propose a formula for
how many or what type of studies are needed to substantiate a claim, the reproducibility of the effect of the
food as indicated by consistency between studies is an
important consideration for their final assessment. Thus,
a comprehensive review of the data from human studies
addressing the specific relationship between the food
and the claimed effect is required from the applicant.
The NDA panel guidelines make it clear that in evaluating and weighing the evidence to substantiate health
claims on foods, SR and MA can play an important role
[58]. EFSA ask applicants to provide a comprehensive
review in order to evaluate the totality of the evidence
proposed in the dossier. This step must be included as a
specific section of a health claim dossier. The NDA
panel’s final opinion will be based on a SR of the totality
of the available data, but does not require that all individual randomized trials or other type of studies show
statistical significance. For example, when considering
the evidence for periconceptional folate supplementation
for preventing birth defects, 5 randomized trials were
considered [59]. Since the incidence of birth defects was
quite low, the MA process allowed pooling of available
data to reach a convincing conclusion about the effectiveness of folate. The MA reached a level of evidence
that was not reached by the individual randomized trials.
The NDA panel does require that the SR provides
convincing evidence on the consistency and reproducibility of the effect when analyzing the totality of the data.
EFSA considers randomized trials as the best tools to
generate evidence on the effects of interventions and
considers SR and MA to be the best tools to evaluate
the totality of the evidence and inform a final opinion.
MA and SR may be useful to address the following
scenarios that we envision could emerge in submitted
dossiers:
 Studies are underpowered due to a smaller effect

size than predicted, so none of the studies reaches
statistical significance. But, when data are analyzed
together as part of a MA, a statistically significant
average result is obtained.
 One pivotal study has been conducted which is in
favor of the intervention, and other studies with null
results have been published. This reflects a genuine
evidence base and the review of all contributing
studies should allow exploration of heterogeneity
and provide information on the true direction and
size of the health benefit. All studies, with all results,
contribute to an overall picture of the effect.
 Studies are underpowered due a heterogeneous
population within each study, comprising
responders and non-responders, which cancel each
other out in the analysis of the individual study. The
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best approach to this situation is to better identify
the target population a priori and perform randomized
trials with the appropriate population subset, or to
unpick the studies into the relevant subgroups. On
the other hand, acceptance of the health claim has
the potential to benefit a subset of the population
consuming the product, which is of benefit to those
consumers. Subgroup analyses defined a priori may
enable identification of the responding subgroup
and convincing evidence in support of a claim for
the subgroup may be revealed.
 The incidence of the health endpoint is low (such as
incidence of flu during the winter season) and very
large sample sizes among the study population are
required. Such sample sizes are better achieved by
pooling the results of several randomized trials,
providing that these studies collectively provide
sufficient power.
 Many statistically significantly positive randomized
trials exist, but no two trials investigate the same
strain. If there is a scientifically valid basis to expect
that a group of different strains would function
similarly on an endpoint, then they can be
reasonably grouped into one intervention for a
meta-analysis, and the resulting meta-analysis would
be sufficient evidence to support a health claim.
We recognize that SRs are only one input to a
decision-making process regarding formulation of policy
derived from evidence. The health technology assessment
process, for example, also considers information on the
economic and legal aspects of competing interventions.

Conclusions
SR and MA are transparent and rigorous approaches to
synthesizing evidence. It is widely accepted in many
scientific disciplines and by many policy-setting organizations as the best way to evaluate the strength of
evidence available to answer a focused question. EFSA
guidance acknowledges the validity of well-conducted
SRs for closed-framed questions, which seems appropriate for assessing evidence for probiotics: In population P,
does intervention I affect outcome O when assessed using
comparator C?
EFSA endorses the SR process to inform their judgment when deciding health claims, as observed with the
decision on maternal folate intake and reduced risk of
neural tube defects. This suggests the method is also
suitable for probiotic health claims.
Applying the SR approach to probiotics to obtain
evidence on a single strain (e.g., Strain A) or on a single,
defined multi-strain probiotic (e.g., Strain A + B + C) is
scientifically justifiable. Applying the SR approach to
studies conducted on a broader range of probiotics (i.e.,
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studies of different strains of the same species or subspecies, different species or different genera, such that study
1 is conducted on strain A, study 2 is conducted on
strain B, study 3 is conducted on strain C + D) requires a
scientifically valid justification for definition of the class.
However, EFSA precedent has allowed such ‘clustering’
of all yogurt cultures into a category of food that can
improve lactose digestion, even though the possibility
exists that a particular strain may not deliver adequate
lactase to improve lactose digestion. EFSA seems to
recognize that available evidence provides a reasonable
certainty that yogurt cultures will provide this benefit.
However, 100% certainty is not possible and should not
be required.
The majority of SRs published on probiotics to date
has been conducted on a broad group of live microorganisms without stated justification for clustering into
one class. In many cases, this includes studies using
Lactobacillus, Bifidobacterium, E. coli, Saccharomyces
and others. If the overall effect is positive, the conclusion
from such reviews has generally been that ‘probiotics’
are effective for the particular indication. However, they
have not concluded that every possible probiotic strain
will necessarily be effective, and they have generally
acknowledged that effects may be due to only specific,
tested strains. A strict application of the SR approach
should enable application of the conclusions of the
review to every member of the class as defined.
Procedures within EFSA, including their approach to
definition and characterization of the substance under
review, presents a challenge for use of the SR and MA
approaches on a defined class of different strains of
probiotics for primary health claim substantiation.
In conclusion, SR and MA represent a well-developed
and widely applied means to evaluate the strength of
research evidence and should be acceptable by EFSA for
substantiating probiotic claims. Use of SR to combine
studies on multiple probiotic strains, however, requires
a valid scientific rationale that combining evidence
from different strains is biologically and physiologically
justified.
Abbreviations
EFSA: European food safety authority; EU: European Union; MA: Meta-analysis;
NDA Panel: Panel on Dietetic Products, Nutrition and Allergies;
PRISMA: Preferred reporting items for systematic reviews and meta-analyses;
SR: Systematic review.
Competing interests
MES served as a paid consultant to the Global Alliance for Probiotics. FG, CH,
JG and SK received honoraria from the Global Alliance for Probiotics for the
preparation of this manuscript. JG and SK have received unrestricted educational
grants from the Global Alliance of Probiotics.
Authors’ contributions
JG, MES, SK, FG and CH: Contributed to the original plan for the paper, wrote
sections of the paper and contributed to draft revisions. All authors read and
approved the final manuscript.

Page 8 of 9

Acknowledgement
The Global Alliance for Probiotics provided an unrestricted educational grant
to fund the preparation of this paper. They commented on both the paper
outline and the final paper, but had no control over the final version of this
article. Authors gratefully acknowledge review of this paper by Professor
Michael Clarke and Dr Heather McIntosh.
Author details
1
York Health Economics Consortium LTD, York, UK. 2University Hospital Vall
d’Hebron, Ciberehd, Barcelona, Spain. 3Alimentary Pharmabiotic Centre,
University College Cork, Cork, Ireland. 4Dairy & Food Culture Technologies,
7119 S. Glencoe Ct., Centennial, CO 80122, USA.
Received: 1 October 2014 Accepted: 26 January 2015

References
1. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. Expert
consensus document. The International Scientific Association for Probiotics
and Prebiotics consensus statement on the scope and appropriate use of
the term probiotic. Nat Rev Gastroenterol Hepatol. 2014;11:506–14.
2. Rowland I, Capurso L, Collins K, Cummings J, Delzenne N, Goulet O, et al.
Current level of consensus on probiotic science–report of an expert
meeting–London, 23 November 2009. Gut Microbes. 2010;1:436–9.
3. Guarner F, Sanders ME, Gibson G, Klaenhammer T, Cabana M, Scott K, et al.
Probiotic and prebiotic claims in Europe: seeking a clear roadmap. Br J Nutr.
2011;106:1765–7.
4. Reid G. Opinion paper: Quo vadis - EFSA? Benef Microbes. 2011;2:177–81.
5. Katan MB. Why the European Food Safety Authority was right to reject
health claims for probiotics. Benef Microbes. 2012;3:85–9.
6. Salminen S, van Loveren H. Probiotics and prebiotics: health claim
substantiation. Microb Ecol Health Dis 2012; 23: 10.3402/mehd.v23i0.18568.
7. van Loveren H, Sanz Y, Salminen S. Health claims in Europe: probiotics and
prebiotics as case examples. Annu Rev Food Sci Technol. 2012;3:247–61.
8. Binnendijk KH, Rijkers GT. What is a health benefit? An evaluation of EFSA
opinions on health benefits with reference to probiotics. Benef Microbes.
2013;4:223–30.
9. European Commission: Guidance on the implementation of Regulation n°
1924/2006 on nutrition and health claims made on foods conclusions of
the Standing Committee on the Food Chain and Animal Health. Brussels,
2007. [http://ec.europa.eu/food/food/labellingnutrition/claims/guidance_
claim_14-12-07.pdf]
10. Food Safety Authority of Ireland. Probiotic Health Claims [http://www.fsai.ie/
faqs/probiotic_health_claims.html]
11. National Food Agency of Sweden (Livsmedelsverkey). Vägledning till
kontrollmyndigheter m.fl.Näringspåståenden och hälso-påståenden om
livsmedel [http://www.slv.se/upload/dokument/livsmedelsforetag/vagledningar/
vagledning_narings-_och_halsopastaenden.pdf]
12. Hao Q, Dong BR, Wu T. Probiotics for preventing acute upper respiratory
tract infections. Cochrane Database Syst Rev 2015, Issue 2. Art. No.: CD006895.
doi:10.1002/14651858.CD006895.pub3.
13. Goldenberg JZ, Ma SS, Saxton JD, Martzen MR, Vandvik PO, Thorlund K,
et al. Probiotics for the prevention of Clostridium difficile-associated diarrhea
in adults and children. Cochrane Database Syst Rev. 2013;5:CD006095.
14. Hempel S, Newberry SJ, Maher AR, Wang Z, Miles JN, Shanman R, et al.
Probiotics for the prevention and treatment of antibiotic-associated diarrhea:
a systematic review and meta-analysis. JAMA. 2012;307:1959–69.
15. Ritchie ML, Romanuk TN. A meta-analysis of probiotic efficacy for
gastrointestinal diseases. PLoS One. 2012;7:e34938.
16. AlFaleh K, Anabrees J. Probiotics for prevention of necrotizing enterocolitis
in preterm infants. Cochrane Database Syst Rev 2014, Issue 4. Art. No.:
CD005496. doi: 10.1002/14651858.CD005496.pub4.
17. European Food Safety Authority. Guidance on the scientific requirements
for health claims related to gut and immune function. EFSA J. 2011;9:1984.
18. Hungin AP, Mulligan C, Pot B, Whorwell P, Agreus L, Fracasso P, et al.
Systematic review: probiotics in the management of lower gastrointestinal
symptoms in clinical practice - an evidence-based international guide.
Aliment Pharmacol Ther. 2013;38:864–86.
19. Guarner F, Khan AG, Garisch J, Eliakim R, Gangl A, Thomson A, et al. World
Gastroenterology Organisation Global Guidelines: probiotics and prebiotics
October 2011. J Clin Gastroenterol. 2012;46:468–81.

Glanville et al. Nutrition Journal (2015) 14:16

20. Piescik-Lech M, Shamir R, Guarino A, Szajewska H. Review article: the
management of acute gastroenteritis in children. Aliment Pharmacol Ther.
2013;37:289–303.
21. Cochrane Collaboration. Evidence-based health care and systematic reviews
[http://www.cochrane.org/about-us/evidence-based-health-care]
22. Centre for Reviews and Dissemination. Systematic reviews: CRD’s guidance
for undertaking reviews in health care. York: University of York; 2009.
23. European Food Safety Authority. Application of systematic review
methodology to food and feed safety assessments to support decision
making. EFSA J. 2010;8:1637.
24. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions.
Chichester: John Wiley & Sons Ltd; 2008.
25. Glasziou P, Irwig L, Bain C, Colditz G. Systematic Reviews in Health Care.
Cambridge: Cambridge University Press; 2001.
26. Gough G, Oliver S, Thomas J. An Introduction to Systematic Reviews. London:
SAGE Publications Ltd.; 2012.
27. Khan K, Zunz R, Kleijnen J, Antes G. Systematic Reviews to Support
Evidence-based Medicine. London: Royal Society of Medicine Press; 2003.
28. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BMJ. 2009;339:b2700.
29. Moher D, Jadad AR, Nichol G, Penman M, Tugwell P, Walsh S. Assessing the
quality of randomized controlled trials: an annotated bibliography of scales
and checklists. Control Clin Trials. 1995;16:62–73.
30. National Health and Medical Research Council. How to review the evidence:
systematic identification and review of the scientific literature. Canberra
ACT: Natl Health Med Res Counc 1999. Available from: https://www.nhmrc.
gov.au/_files_nhmrc/publications/attachments/cp65.pdf.
31. Buckley DI, Ansari M, Butler M, Williams C, Chang C. The Refinement of
Topics for Systematic Reviews: Lessons and Recommendations from the
Effective Health Care Program. Methods Research Report. (Prepared by Oregon
Evidence-based Practice Center under Contract No. 290-2007-10057-I.), Agency
for Healthcare Research and Quality Publication No 13-EHC023-EF. 2013.
32. Center for Reviews and Dissemination. PROSPERO International prospective
register of systematic reviews. [http://www.crd.york.ac.uk/PROSPERO/]
33. Young T, Hopewell S. Methods for obtaining unpublished data. Cochrane
Database Syst Rev 2011, Issue 11. Art. No.: MR000027. doi:10.1002/14651858.
MR000027.pub2.
34. Agency for Healthcare Research and Quality. Systems to rate the strength of
scientific evidence. Evidence Report/Technology Assessment: number 47.
Rockville, MD: Agency for Healthcare Research and Quality; 2002.
35. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557–60.
36. Sanderson S, Tatt ID, Higgins JP. Tools for assessing quality and susceptibility to
bias in observational studies in epidemiology: a systematic review and
annotated bibliography. Int J Epidemiol. 2007;36:666–76.
37. Wells GA, Shea B, O'Connell B, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses[http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp]
38. Equator Network (online). Enhancing the quality and transparency of health
research. [http://www.equator-network.org]
39. Greenhouse JB, Iyengar S. Sensitivity analysis and diagnostics. In: Cooper H,
Hedges LV, editors. The handbook of research synthesis. New York, NY:
Russell Sage Foundation; 1994. p. 383–98.
40. van Hemert S, Meijerink M, Molenaar D, Bron PA, de Vos P, Kleerebezem M,
et al. Identification of Lactobacillus plantarum genes modulating the
cytokine response of human peripheral blood mononuclear cells. BMC
Microbiol. 2010;10:293.
41. Canani RB, Cirillo P, Terrin G, Cesarano L, Spagnuolo MI, De Vincenzo A,
et al. Probiotics for treatment of acute diarrhoea in children: randomised
clinical trial of five different preparations. BMJ. 2007;335:340.
42. O'Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen K, et al. Lactobacillus
and bifidobacterium in irritable bowel syndrome: symptom responses and
relationship to cytokine profiles. Gastroenterology. 2005;128:541–51.
43. Deshpande GC, Rao SC, Keil AD, Patole SK. Evidence-based guidelines for
use of probiotics in preterm neonates. BMC Med. 2011;9:92.
44. McFarland LV. Use of probiotics to correct dysbiosis of normal microbiota
following disease or disruptive events: a systematic review. BMJ Open.
2014;4:e005047.

Page 9 of 9

45. Horvath A, Dziechciarz P, Szajewska H. Meta-analysis: Lactobacillus rhamnosus
GG for abdominal pain-related functional gastrointestinal disorders in
childhood. Aliment Pharmacol Ther. 2011;33:1302–10.
46. Szajewska H, Wanke M, Patro B. Meta-analysis: the effects of Lactobacillus
rhamnosus GG supplementation for the prevention of healthcare-associated
diarrhoea in children. Aliment Pharmacol Ther. 2011;34:1079–87.
47. Szajewska H, Skorka A. Saccharomyces boulardii for treating acute
gastroenteritis in children: updated meta-analysis of randomized controlled
trials. Aliment Pharmacol Ther. 2009;30:960–1.
48. Sung V, Cabana MD, D'Amico F, Deshpande G, Dupont C, Indrio F, et al.
Lactobacillus reuteri DSM 17938 for managing infant colic: protocol for an
individual participant data meta-analysis. BMJ Open. 2014;4:e006475.
49. Lee JH, O'Sullivan DJ. Genomic insights into bifidobacteria. Microbiol Mol
Biol Rev. 2010;74:378–416.
50. Masco L, Huys G, De Brandt E, Temmerman R, Swings J. Culture-dependent
and culture-independent qualitative analysis of probiotic products claimed
to contain bifidobacteria. Int J Food Microbiol. 2005;102:221–30.
51. Barrangou R, Briczinski EP, Traeger LL, Loquasto JR, Richards M, Horvath P,
et al. Comparison of the complete genome sequences of Bifidobacterium
animalis subsp. lactis DSM 10140 and Bl-04. J Bacteriol. 2009;191:4144–51.
52. Collado MC, Moreno Y, Cobo JM, Hernandez M. Microbiological evaluation
and molecular characterization of bifidobacteria strains in commercial
fermented milks. Eur Food Res Technol. 2006;222:112–7.
53. EFSA Panel on Dietetic Products NaA. Scientific Opinion on the
substantiation of health claims related to live yoghurt cultures and
improved lactose digestion (ID 1143, 2976) pursuant to Article 13(1) of
Regulation (EC) No 1924/2006. EFSA J. 2010;8:1763.
54. European Food Safety Authority. Opinion of the Panel on dietetic products,
nutrition and allergies (NDA) on a request from the Commission related to
scientific and technical guidance for the preparation and presentation of
the application for authorisation of a health claim. EFSA J. 2007;5:1–44.
55. Song F, Eastwood AJ, Gilbody S, Duley L, Sutton AJ. Publication and related
biases. Health Technol Assess. 2000;4:1–115.
56. European Food Safety Authority. Tender specifications. OC/EFSA/SAS/2012/
01 Scientific services to support EFSA systematic reviews. Parma: European
Food Safety Authority; 2012.
57. European Food Safety Authority. General guidance for stakeholders on the
evaluation of Article 13.1, 13.5 and 14 health claims. EFSA J. 2011;9:2135.
58. EFSA Panel on Dietetic Products NaAN. Scientific and technical guidance for
the preparation and presentation of an application for authorisation of a
health claim (revision 1). EFSA J. 2011;9:2170.
59. European Food Safety Authority. Scientific Opinion on the substantiation of
a health claim related to increasing maternal folate status by supplemental
folate intake and reduced risk of neural tube defects pursuant to Article 14
of Regulation (EC) No 1924/2006. EFSA J. 2013;11:3328.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

