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Probiotics and prebiotics are useful interventions for improving human health through direct or indirect effects on
the colonizing microbiota. However, translation of these research findings into nutritional recommendations and
public health policy endorsements has not been achieved in a manner consistent with the strength of the evidence.
More progress has been made with clinical recommendations. Conclusions include that beneficial cultures, including
probiotics and live cultures in fermented foods, can contribute towards the health of the general population; prebiotics,
in part due to their function as a special type of soluble fiber, can contribute to the health of the general population;
and a number of challenges must be addressed in order to fully realize probiotic and prebiotic benefits, including the
need for greater awareness of the accumulated evidence on probiotics and prebiotics among policy makers, strategies
to cope with regulatory roadblocks to research, and high-quality human trials that address outstanding research
questions in the field.
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Introduction
This paper addresses the prospects for public health
and nutritional recommendations for probiotics
and prebiotics. Probiotics are live microorganisms
that, when administered in adequate amounts, confer a health benefit on the host.1 A dietary prebiotic
is a selectively fermented ingredient that results in
specific changes in the composition and/or activity of the gastrointestinal microbiota, thus conferring benefits upon host health.2 Evidence for health
and therapeutic benefits of probiotics include preventing morbidity and mortality associated with
necrotizing enterocolitis in preterm, very lowbirth-weight newborns;3,4 preventing antibioticassociated diarrhea;5 reducing the duration of infectious diarrhea;6–8 regulation of intestinal transit;9

improvement in blood lipid composition;10 reduced
incidence of atopic dermatitis in infants;11 relief of
symptoms of irritable bowel syndrome (IBS);12,13
and reducing the incidence of common upper respiratory tract infections.14 Prebiotic benefits include improved calcium absorption with ingestion
of prebiotic formulations;15 reduced duration, incidence, and symptoms of traveller’s diarrhea;16,17
alleviation of IBS symptoms;18 prevention of specific allergies;19 reduction in energy intake and
markers of insulin resistance and improved body
weight management;20–22 and increased satiety and
reduced appetite.23,24 Additionally, the association
of aberrant human microbial colonization patterns
with numerous disease states (gastroenteritis, type
2 diabetes, allergy, obesity, and inflammatory bowel
diseases, among others) provides important targets
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for probiotic and prebiotic interventions to influence human health.25
A group of experts (Table 1) met on June 13, 2013
at the New York Academy of Sciences at a meeting
hosted by the International Scientific Association
for Probiotics and Prebiotics (ISAPP) to discuss nutritional guidelines and make public health policy
recommendations on the topic of “Evidence of probiotic and prebiotic benefits to public health: State
of the science and regulatory expectations.”
Evidence of benefits relevant to public
health
Public health and dietary guidance recommendations focus on disease prevention and health main-

tenance. In this context, foods containing live microbes (including both foods containing defined
probiotics and fermented foods such as yogurts,
cheeses, and unpasteurized fermented vegetables),
as well as foods containing prebiotics (natural or
fortified), are associated with certain health benefits (Table 2). These include maintenance of healthy
gut function, improved tolerance to antibiotics,
increased calcium absorption, improved markers
of glucose homeostasis and lipid metabolism, and
overall reduced risk for different chronic diseases.
The effect sizes (in many cases with tight confidence intervals) for probiotic interventions across
a range of clinical endpoints have been estimated
in meta-analyses (Table 3). A recent Norwegian

Table 1. Participants of the workshop to discuss “Evidence of probiotic and prebiotic benefits to public health:

state of the science and regulatory expectations” held during the 11th annual meeting of the International Scientific
Association for Probiotics and Prebiotics (ISAPP)
Name
Mary Ellen Sanders (co-chair)
Seppo Salminen (co-chair)
Irene Lenoir-Wijnkoop (co-chair)
Bruno Pot
Max Nieuwdorp
John Hutton
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Dan Merenstein
Paul Jacques
Ian Jeffery
Daniel Tancredi
Alexandra Meynier
Niklas Larsson
George Tzortzis
Gregory Leyer
Melanie Lalonde
John Brett Theroux
Miguel Freitas
Chris Cifelli
Hideyuki Shibata
Stephan Theis
Roula Papaioannou
Eric Johansen
David Keller
Pascal Molimard
Jingru Li
Terhi Ahlroos
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Affiliation
Dairy & Food Culture Technologies
University of Turku
Utrecht University/Danone Research
Center for Infection and Immunity Lille
University of Amsterdam
University of York
University of Lyon
Georgetown University Medical Center
Tufts University
University College Cork
University of California
Mondelez International R&D
Probi AB
Clasado
UAS Laboratories
BioK+
Glycom A/S
Dannon
Dairy Research Institute
Yakult
Beneo Institute
P&G
Chr. Hansen A/S
Ganeden Biotech
Merck
Kimberly Clark Corporation
Valio
Transcend Biomedical Communications LLC

Country
United States
Finland
Netherlands/France
France
The Netherlands
United Kingdom
France
United States
United States
Ireland
United States
France
Sweden
United Kingdom
United States
United Kingdom
Denmark
United States
United States
United States
Germany
United States
Denmark
United States
France
United States
Finland
United States
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Table 2. Examples of public health benefits associated with probiotics or foods containing live microbes, fermented

dairy products, or prebiotic supplements. Studies include both observational and RCTs
Health Outcome
Healthy gut
function

Dietary

Probiotic

Improved tolerance to lactose in lactose maldigesters54
Improved gut homeostasis55
Normalized intestinal transit time9
Reduced duration, incidence, and symptoms of traveller’s
diarrhea16,17
Reduced episodes of diarrhea in subjects with Clostridium
difficile–induced diarrhea56
Improved symptomology and gut microbiota composition in
irritable bowel syndrome57
Favorable shifts in chronic intestinal inflammation, with
relevance for inflammatory bowel disease58
Reduced plasma LDL levels59,60
Reduction in energy intake and markers of insulin resistance
and improved body weight management20,21
Increased satiety and reduced appetite23,24
Reduced risk for type 2 diabetes or improved markers for
glucose homeostasis61–63
Less weight gain over time in a prospective study of
> 120,000 adults64
Fermented milk reduced risk of CVD65
Cheese intake was significantly associated with decreased
CVD risk in women65
High intakes of total and low-fat dairy were associated with a
lower risk of CHD among participants without
hypertension66
Fermented dairy was associated with a reduced risk of
stroke66
Dairy products other than cheese, cheese alone, and calcium
were associated with lower diastolic blood pressure67
High yogurt consumption was associated with a significant
decrease in diabetes risk68
Yogurt intake was associated with lower common carotid
artery intima-media69
Yogurt consumption was associated with reduced weight gain
and waist circumference70
Regulation of the immune system71,72

Prebiotic

Regulation of the immune system73

Probiotic
Prebiotic
Fermented dairy
products

Reduced common upper respiratory tract infections14
Improved mineral absorption and bone mineral density74–76
Reduced risk of overall mortality77

Probiotic

Prebiotic

Healthy
metabolic
function

Probiotic
Prebiotic

Fermented dairy
products

Healthy
immune
function
Overall health

Impact of dietary probiotic or fermented dairy product
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family-based study examined associations between
consumption of probiotic milk products in pregnancy and infancy with questionnaire-reported
atopic eczema, rhinoconjunctivitis, and asthma in
40,614 children.26 This population-based cohort
study demonstrated that consumption of probiotic
milk products was related to a reduced incidence of
atopic eczema and rhinoconjunctivitis.26
Although some meta-analyses pool data from
heterogeneous studies (e.g., meta-analyses on probiotics often pool data on different microbial strains),
the numerous positive reviews speak to the effectiveness of a broad range of strains, validating the
very definition of probiotics: the ability to confer a
health benefit on the host. Furthermore, the level
of scientific support for both prebiotics and probiotics, combined with an excellent safety profile,
is at least comparable to the amount of support
available for a variety of other foods or dietary ingredients that are currently recommended for their
health benefits (e.g., whole grains27,28 or monounsaturated fats29,30 ). Growing evidence suggests that
some of the benefits observed with whole grain
consumption may be attributable to its prebiotic
effects.31–33
The accumulating data demonstrate sufficient
scientific, clinical, and public health weight and relevance to justify modifying current clinical practices
or to include probiotics and prebiotics in public
health policy and/or nutritional recommendations.
Clinical recommendations for probiotics
and prebiotics
Interest in the benefits of probiotics and prebiotics
has grown within the medical community as a result of accumulating clinical evidence and increased
awareness of products and their use by both healthy
subjects and patients. In 2011, the World Gastroenterology Organisation published guidelines for the
use of probiotics and prebiotics globally by gastroenterologists and other health professionals.34 Importantly, the guidelines indicate that there is evidence
of efficacy for probiotics and prebiotics and suggest their consideration for clinical use for specific
health outcomes, such as antibiotic-associated diarrhea, necrotizing enterocolitis, and atopic dermatitis. Workshops held at Yale University, most
recently in 2011, have likewise issued recommendations for probiotic use.35 A survey of practitioners, mainly specializing in gastroenterology, found
22

that all 56 (100%) physician respondents considered probiotics to be safe for most patients and all
but one felt that probiotics have a role in treating
gastrointestinal illnesses or symptoms.36 Family
physicians have been advised to pair a probiotic with
an antibiotic prescription,37 and an updated systematic review and meta-analysis supports a change
in practice by recommending probiotics to prevent
necrotizing enterocolitis in premature infants.3 Effect sizes estimated in various meta-analyses suggest
that cost-effective gains could be generated from
probiotic use in improving tolerance to antibiotics,
reducing antibiotic prescriptions, decreasing C. difficile infection rates in hospitals, and reducing the
risk of common upper respiratory tract infections
(Table 3). In regards to prebiotic effects, a recent
Cochrane review and meta-analysis reported that
prebiotics were associated with a significant reduction in eczema; however, the authors state that additional research is warranted before a recommendation can be made.19 Taken together, probiotics and
prebiotics are being recognized as useful therapeutic
clinical tools for healthcare providers.
Dietary recommendations for probiotics
and prebiotics
Authoritative health policy or nutritional recommendations are mixed in their approach to recommendations of probiotics, prebiotics, or live
microbes. The full report of the 2010 Dietary
Guidelines Advisory Committee38 included the following statement: “Foods high in prebiotics and
probiotics are linked to health benefits. For example,
fiber is a prebiotic linked to health benefits. Many
probiotic-containing foods, such as dairy foods, are
also linked to health benefits and are recommended
for inclusion in the diet.” However, the finalized
2010 US Dietary Guidelines made no reference to
probiotics or prebiotics. Similarly, no mention was
made of probiotics by EU member states in their
answers to open questions concerning 2009 dietary
recommendations.39 In 2004, the French nutrition
health policy40 for seniors with digestive problems
stated about yogurts: “. . . they provide lactic acid
bacteria that can help you,” while the British dietetic association provided a grade B recommendation for probiotics, saying that they are “worth
trying.” However, various medical organizations
are beginning to recommend probiotics for specific
clinical conditions34,37,41–43 or infant nutrition.44 In
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Table 3. Effect sizes of clinical applications of probiotics. Results shown are from systematic review and meta-analyses
used where available

Endpoint
Reducing
incidence of
common
URTI
Reducing
antibiotic
prescriptions
Reducing
incidence of
antibioticassociated
diarrhea
(AAD)
Prevention of
C. difficile
infection
(CDAD) in
hospitalized
elderly
Prevention of
necrotizing
enterocolitis
(NEC)

Effect reported
Probiotics reduced
the number of
patients with at
least one acute
URTI episode by
42% and antibiotic
prescriptions by
33%
Probiotic
administration
reduced AAD by
42%

Relative risk (RR)
or Odds Ratio
(OR)

Context

Reference

OR 0.58 (95%
CI 0.36−0.92)

A systematic review of 10 trials including
3451 participants
Meta-analysis of subsets

14

RR 0.58 (95%
CI 0.5−0.68)

A systematic review and meta-analysis of
63 randomized controlled trials with
11,811 participants

78,79

Significant reduction
of CDAD risk by
64%

RR 0.34 (95%
CI 0.24−0.49)

A systematic review and meta-analysis
Medical recommendation

80

Significant reduction
in incidence of
severe NEC by
65%, with a
number needed to
treat of 25
Significant reduction
in infant mortality
by 60% with a
number needed to
treat of 25

Severe NEC (stage
II or more)
(typical RR
0.35, 95%,
CI 0.24−0.52);
mortality
(typical RR
0.40, 95%
CI 0.27−0.60).

A systematic review and meta-analysis of
16 eligible trials randomizing 2842
infants
Medical recommendation

3

Improved
symptoms of
IBS

Overall symptoms
improved

OR 1.6 (95%
CI 1.2−2.2)

A systematic review and meta-analysis
Dietary recommendation, medical
recommendation

Excessive infant
crying

L. reuteri DSM 17938
decreased crying
time

−65 minutes/day
(95% CI −86
to −44)

A systematic review and meta-analysis of
probiotics; positive association for
improvement found only for subgroup
analysis on L. reuteri DSM 17938, not
on probiotics as a whole
Dietary recommendation, medical
recommendation

12,13

81

Continued
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Table 3. Continued

Endpoint
Prevention of
atopic
dermatitis in
infants
Reduced LDL
cholesterol in
hypercholesterolaemic
adults

Effect reported
Probiotic use
decreased the
incidence of atopic
dermatitis by 21%
Cholesterol levels
reduced
Total cholesterol:
−6.40 mg dl−1
LDL cholesterol:
−4.90 mg dl−1
HDL cholesterol:
−0.11 mg dl−1

Relative risk (RR)
or Odds Ratio
(OR)

Reference

RR 0.79 (95% CI
0.71−0.88)

A systematic review and meta-analysis
Dietary recommendation, medical
recommendation

11

(95% CI −9.93 to
−2.87)
(95% CI −7.91 to
−1.90)
(95% CI −1.90 to
1.69)

Meta-analysis of 13 human clinical trials
of 485 participants with high,
borderline high, and normal
cholesterol levels

10

addition, there is an increasing awareness that even
small benefits of probiotics and prebiotics can positively affect healthcare expenditures, not only in
hospitals but also in the community (Table 3).33,34
Types of evidence used to support public
health policy recommendations
Health policy recommendations have multiple purposes. They aim to provide guidelines for healthcare professionals on safe, high-quality, preventive
or therapeutic approaches to patient care, while encouraging cost-effective management. In this mostly
clinical setting, randomized controlled trials (RCTs)
and subsequent meta-analyses are considered to be
the gold standard for providing reliable data on efficacy and effectiveness. Another purpose of health
policies is the promotion and improvement of the
health status in the general population. The information obtained through RCTs under strict protocol conditions with well-defined (restrictive) inclusion criteria can be enhanced by sets of evidence that
reflect more heterogeneous populations and contextual aspects.45,46 Many modern nutrition intervention trials are now designed in accordance with
good clinical practice standards. While this will increase our understanding of causality between food
consumption and health, it does not always provide complete information related to the multifactorial confounders that are observed in the real-world
environment.47–49 Adapted approaches to grading
24

Context

evidence have been proposed,50 which consider the
different types of research needed to answer different types of clinical questions. Therefore, both
RCTs and well-controlled observational studies are
regularly used to inform public policy.
Overall outcomes of the expert meeting
For nutrition or public health policy recommendations to incorporate probiotics or prebiotics, the
ISAPP group recommended (1) increasing efforts
by stakeholders in the probiotic and prebiotic fields
to communicate to policy-setting organizations the
value of the broad concept of beneficial cultures
to health of the general population, which includes
broad beneficial effects of probiotics; and (2) clarity from government entities (or the committees
charged with advising them) on the type and level
of evidence that would be acceptable to support
health policy recommendations on probiotics and
prebiotics.

Broad concept of beneficial cultures
The term probiotic has divergent meanings among
scientific, regulatory, and consumer audiences. The
widely accepted scientific definition of probiotics1
has generally been interpreted to apply to defined
strains of well-characterized microbes that are the
subject of controlled human studies. However, we
conclude that evidence is sufficient to support the
concept of potentially beneficial live microbes, for
which some plausible benefits are reasonable to

C 2014 New York Academy of Sciences.
Ann. N.Y. Acad. Sci. 1309 (2014) 19–29 

Sanders et al.

expect, including strains of microbes that have not
been specifically tested for health benefits but are
members of well-studied genera or species. Evidence
for this conclusion comes from three sources: (1)
controlled intervention studies with defined probiotics; (2) observational studies with fermented
dairy products; and (3) human microbiome research, which identifies numerous human disease
conditions associated with aberrant colonizing microbiota. Whether such use falls under the umbrella
definition of probiotic is a discussion that is needed
within the broader scientific community.
The primary purpose of this concept would be to
inform the consumer of the safety and possible benefits of consuming high levels of particular types
of live microbial cultures, which are traditionally
and/or naturally present in our foods. This conceptual group of products, however, could be distinguished from other types of products containing
defined microbial strains supported by scientific evidence for specific indications consistent with regulatory requirements. Current regulatory classifications for probiotics include drug, food, dietary
(nutritional) supplement, or medical food, based
on the intended use of the product as defined by
claims, labeling, promotions, and endpoints of clinical investigations, although the separation between
the different categories is not always clear. The regulatory classification of more generalized benefits
or claims, however, would be limited to foods and
dietary/nutritional supplements.
For prebiotics, the available evidence from clinical
intervention studies, comprehensive reviews, and
meta-analyses is more limited than for probiotics.
Available evidence supports the notion that prebiotics provide health benefits to infants at risk of food
allergy and to subjects with IBS-type symptoms or
bone mineral issues. People suffering from IBS lack
satisfactory options for managing symptoms and
they stand to benefit from information on effective
dietary options for their condition. Recent evidence
from intervention studies further supports the beneficial effects of particular food products with prebiotic properties on energy homeostasis, satiety regulation, and body weight gain.51
Collectively, the available evidence suggests that
authorities with responsibility for developing dietary guidelines and public health recommendations (e.g., U.S. Dietary Guidelines Advisory Committee, European Food Safety Authority, and others)

Probiotics and prebiotics

should consider the following: (1) the balance of evidence with regard to practical beneficial impacts
of foods containing live microbes and probiotics as
part of the healthy diet on long-term health maintenance and reduction in disease risk; and (2) the
balance of evidence with regard to practical beneficial impacts of dietary prebiotics to promote intestinal health, improve bone mineral density, and
contribute to body weight management.

Clarity in the evaluation and translation of the
available evidence
Dietary recommendations for probiotics and prebiotics can be justified based on the currently available scientific evidence. However, gaps do exist and
a better understanding is needed of mechanisms of
action, translation of results from strictly controlled
clinical trials into real life settings, methodology for
population interventions that manage confounding
factors, and analysis to quantify possible economic
benefits to public health policy recommendations.
Efficient translation of science into useful public health messages is paramount. The average citizen is increasingly health conscious and searches
for information on health-enhancing benefits of
food in general, with particular attention to probiotics and prebiotics. Clear, evidence-based messages
(such as those previously mentioned)34–43 are much
preferred over what can be gleaned through less reliable sources, such as internet surfing.52 When considering the outstanding safety record amassed for
probiotics consumed by the general population, it
is important to remember that a strong recommendation may be made when the plausible potential
benefits clearly outweigh plausible potential risks.
Challenges exist in terms of effectively engaging government agencies and clinical societies to
consider probiotics and prebiotics in nutritional
guidelines and health policy recommendations. Scientific credibility of probiotics and prebiotics will
gain widespread recognition and endorsement by
healthcare providers and public health policy institutions with continued commitment by researchers
to fully register trials a priori (e.g., clinicaltrials.gov),
to appropriately design and carry out studies, and
to report studies in an unbiased fashion using established guidelines (e.g., CONSORT53 ). As additional evidence is generated, multidisciplinary
dialogue among regulatory authorities, clinical societies, thought leaders, and healthcare providers
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should lead to effective communication of the science to stakeholders.
Recommendations
The following action steps are needed to help advance the science and recognition among healthcare
providers of the value of probiotics and prebiotics
in a public health context:
1. Refine the concept of probiotic:
(a) Preserve the FAO/WHO definition of
probiotics, which encompasses strainspecific effects for precise health claims.
(b) Promote the category of live microbes associated with fermented foods that provide
more generalized physiological benefits
for overall health.
2. Stimulate research into probiotics and prebiotics. Properly controlled, well-conducted,
and accurately reported human intervention
studies are needed to address outstanding research questions, such as clarifying the magnitude of expected effects, characterizing responders and non-responders, and exploring
important new health endpoints. Emerging
evidence suggests that probiotics and prebiotics may play a role in alleviating type 2
diabetes mellitus and cardiovascular events
like myocardial infarction. Clinical trials are
needed. The use of accepted surrogate endpoints when available, such as oral glucose
tolerance tests or blood lipid profiles, will facilitate such research.
3. Promote existing standards for conducting
high-quality human trials. Reinforce the importance of conducting and reporting human
studies according to best practices (e.g., CONSORT) and minimizing bias through a priori
registration of trials. This will provide the primary means of establishing causality.
4. Recognize the value of observational studies,
designed to minimize bias, for forming hypotheses to test in RCTs and providing supplementary, real world evidence of efficacy.
5. Evaluate health economic endpoints to aid
in documenting societal benefits as well
as long term public health consequences.
Population-wide health technology assessments and quality-of-life assessments are also
needed to better quantify the public health
benefits.
26

6. Expand public policy/dietary guidelines. Include recommendations for consumption of
foods containing live microbes and prebiotics,
especially in cases where the preponderance
of evidence indicates improved health outcomes (e.g., yogurt and chronic disease risk,
(Table 2)).
7. Clarify regulatory classifications. Work to shift
regulatory attitudes towards probiotics and
prebiotics to better enable communication of
research relevant to the general population
and in-need subgroups within the context of
safe, effective probiotic and prebiotic interventions and to continue to conduct research
on probiotic foods and supplements.
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