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What is a systematic review? 

 A systematic review attempts to collate all 

empirical evidence that fits pre-specified eligibility 

criteria in order to answer a specific research 

question.  

 

 It uses explicit, systematic methods that are selected 

with a view to minimizing bias, thus providing 

more reliable findings from which conclusions can 

be drawn and decisions made. 
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Key characteristics 
 A clearly stated set of objectives with pre-defined eligibility criteria 

for studies 

 

 An explicit, reproducible methodology 

 

 A systematic search that attempts to identify all studies that would 
meet the eligibility criteria 

 

 An assessment of the validity of the findings of the included studies, 
for example through the assessment of risk of bias 

 

 A systematic presentation, and synthesis, of the characteristics and 
findings of the included studies 
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Meta-analysis 
 Many systematic reviews contain meta-analyses.  

 

 Meta-analysis is the use of statistical methods to summarize the 

results of independent studies.  

 

 By combining information from all relevant studies, meta-

analyses can provide more precise estimates of the effects of 

health care than those derived from the individual studies 

included within a review . 

 

 They also facilitate investigations of the consistency of evidence 

across studies, and the exploration of differences across studies. 
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Systematic Review Steps 
 Question formulation 

 

 Finding studies 

 

 Appraisal and selection of studies 

 

 Summary and synthesis of relevant studies 

 

 Determining the applicability of results 
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What types of questions can be asked? 

Question Ideal study types 

Intervention Randomized controlled trial 

Frequency/rate 

(burden of illness) 
Cross-sectional study 

Aetiology and risk Cohort study 

Prediction and prognosis Cohort study 

Diagnostic accuracy Random or consecutive sample 

Phenomena Qualitative research 

4/4/2018 
7 



What is the relevant question? 

A well-formulated question generally has four parts: 

 

P: the population (or patient group) 

I: the intervention (e.g. the treatment, test or exposure) 

C: the comparison intervention (optional, and defaults 

to no treatment, no test or no exposure if no 

comparison given) 

O: the outcomes 
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How focused should the question be? 

The question should be sufficiently broad to allow examination of 

variation in the study factor (e.g. intensity or duration) and 

across populations. 
 

 

 

 

 

 

 

 

 

Three  questions: 

  

 What is the mortality reduction in colorectal cancer from yearly faecal 

occult blood screening in 40–50-year-old females? 

 

 

 What is the effect of cancer screening on the general population? 

 

 

 What is the mortality reduction in colorectal cancer from faecal occult 

blood screening in adults? 
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Breaking down study question into 
components 
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Use of synonyms 
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Systematic Review Steps 
 Question formulation 

 

 Finding studies 

 

 Appraisal and selection of studies 

 

 Summary and synthesis of relevant studies 

 

 Determining the applicability of results 
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Finding relevant studies 

 A systematic approach to this literature is essential in 

order to identify all of the best evidence available 

that addresses the question. 

 

 As a first step, it is helpful to find out if a systematic 

review has already been done or is under way. If not, 

published original articles need to be found. 
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Finding existing systematic reviews 
 MEDLINE: all question types 

 

 Cochrane Library: completed Cochrane review 

 

 Cochrane protocol: reviews under way 

 

 Non-Cochrane review: Database of Abstracts 

and Reviews (DARE) 
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Finding published primary studies 

 Bradford’s law of scattering: as a scientific field grows, the literature 

becomes increasingly scattered throughout journals and more difficult to 

organize 

 

 Exp: AIDS (Self et al., 1989) 

 In 1982, there were only 14 journals that had literature on 

AIDS.  

 

 By 1987 this had grown to more than 1200.  

 

 The authors observed the cumulative percentage of journal 

titles versus journal articles for AIDS and found a Bradford 

distribution, with the first third of articles in 15 journals, the 

second third in 123 journals and the final third in 1032 

journals. 
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Snowballing 

 The bibliographies of the relevant papers can be 

checked for articles missed by the initial search 

 

 A citation search, using the Science Citation Index 

can be conducted to identify papers that have cited 

the identified relevant studies, some of which may 

be subsequent primary research. 
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Hand-searching 

 limited range of journals 

 Conference proceedings 

 Unindexed  journals 

 Very recent journals 

 Relevant studies not easily identified from title or 

abstracts 

 

The Cochrane Collaboration is systematically hand-searching a 

number of journals to identify controlled trials and a master 

list is maintained on the Internet 
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Finding unpublished primary studies 

 Search relevant databases 

Clinical trials registries 

 International Agency for 

Research on Cancer (IARC) 

www.controlled-trials.com 

 

 Writing to experts 
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Publication bias 

 ‘positive studies’ are more likely to be published than ‘negative’ 

studies then any review (traditional or systematic) of the 

published literature must be biased towards a ‘positive’ result. 

 

 For example, a follow-up of 737 studies approved by the 

Institutional Review Board at Johns Hopkins University found 

that the odds ratio for the likelihood of publication of positive 

compared with negative studies was 2.5 (Dickersin et al., 1992). 

 

 Interestingly, most non-publication was because authors failed 

to submit, rather than that journals rejected ‘negative’ studies 

(Stern and Simes, 1997). 
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Publication bias 
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Publication bias 

What can we do about publication bias? 

 

 Using existing clinical trials registries (IRCT) 

 

 Scanning major conference proceedings 

 

 Contacting experts and researchers 
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Systematic Review Steps 
 Question formulation 

 

 Finding studies 

 

 Appraisal and selection of studies 

 

 Summary and synthesis of relevant studies 

 

 Determining the applicability of results 
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Appraising and selecting studies 

 

+ 

_ 

• Conduct Searches 

Initial  

screen 

• Titles / Abstracts 

Detailed 

appraisal 

• Potentially eligible 

• Included studies 
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Standardizing the appraisal 

 Two reasons: 

 

1. A systematic review should try to base its conclusions 

on the highest-quality evidence available.  

 

2. It is important to convey to the reader the quality of 

the studies included as this indicates the strength of 

evidence for any recommendation made. 
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What study features should be assessed? 

1. Has selection bias (including allocation bias in randomized 

controlled trials (RCTs)) been minimized? 

 

2. Have adequate adjustments been made for residual 

confounding? 

 

3. Have the final outcomes been adequately ascertained? 

 

4. Has measurement or misclassification bias been minimized? 
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How many reviewers are required? 

 At least two reviewers should be used.  

 

 Each reviewer should independently read and score each of 

the studies that can potentially be included in the review.  

 

 They should then meet to resolve any discrepancies between 

the scoring of the paper by open discussion about their 

justification for each of the scores.  
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Systematic Review Steps 
 Question formulation 

 

 Finding studies 

 

 Appraisal and selection of studies 

 

 Summary and synthesis of relevant studies 

 

 Determining the applicability of results 
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Question  Formulation  

Afshin Ostovar 



What is a systematic review? 

 A systematic review attempts to collate all 
empirical evidence that fits pre-specified 

eligibility criteria in order to answer a specific 
research question.  

 

 It uses explicit, systematic methods that are 

selected with a view to minimizing bias, thus 
providing more reliable findings from which 
conclusions can be drawn and decisions made 

(Antman 1992, Oxman 1993). 



Key characteristics 

 A clearly stated set of objectives with pre-defined eligibility 
criteria for studies 

  

 An explicit, reproducible methodology 

 

 A systematic search that attempts to identify all studies 
that would meet the eligibility criteria 

 

 An assessment of the validity of the findings of the included 
studies, for example through the assessment of risk of bias 

 

 A systematic presentation, and synthesis, of the 
characteristics and findings of the included studies 



Systematic Review Steps 

 Question formulation 

 

 Finding studies 

 

 Appraisal and selection of studies 

 

 Summary and synthesis of relevant studies 

 

 Determining the applicability of results 



Well-formulated questions will guide 
many aspects of the review process 

Determining eligibility criteria 

 

Searching for studies 

 

Collecting data from included studies 

 

Presenting findings 



What is the relevant question? 

A well-formulated question generally has four parts: 

P: the population (or patient group) 

 

I: the intervention (e.g. the treatment, test or 
exposure) 

 

C: the comparison intervention (optional, and 

defaults to no treatment, no test or no exposure 
if no comparison given) 

 

O: the outcomes 



Eligibility criteria 

 Eligibility criteria are a combination of aspects of 
the clinical question plus specification of the types 

of studies that have addressed these questions.  

 

 The participants, interventions and comparisons in 
the clinical question usually translate directly into 

eligibility criteria for the review. 

 

Outcomes usually are not part of the criteria for 
including studies 



Defining types of participants: 
which people and populations? 

The criteria for considering types of people 

included in studies in a review should be:  

 

1. Sufficiently broad: to encompass the likely 
diversity of studies 

 

2. Sufficiently narrow: to ensure that a meaningful 

answer can be obtained when studies are 
considered in aggregate. 



Steps to consider the types of people 

First, the diseases or conditions of 

interest should be defined using explicit 

criteria for establishing their presence or 
not. 

 

Second, the broad population and 

setting of interest should be defined. 



Factors to consider when developing 
criteria for ‘Types of participants’ 

 How is the disease/condition defined? 

 

What are the most important characteristics that 
describe these people (participants)? 

 

  Are there any relevant demographic factors (e.g. 

age, sex, ethnicity)? 

 

  What is the setting (e.g. hospital, community etc)? 

 



Factors to consider when developing 
criteria for ‘Types of participants’  

Who should make the diagnosis? 

 

Are there other types of people who should 

be excluded from the review (because they 

are likely to react to the intervention in a 

different way)? 

 

How will studies involving only a subset of 

relevant participants be handled? 

 



Factors to consider when developing 
criteria for ‘Types of interventions’ 

What are the experimental and control 

(comparator) of interventions? 

 

Does the intervention have variations interest 

(e.g. dosage/intensity, mode of delivery, 

personnel who deliver it, frequency of 

delivery, duration of delivery, timing of 

delivery)? 

 



Factors to consider when developing 
criteria for ‘Types of interventions’ 

 Are all variations to be included (for example is there 
a critical dose below which the intervention may not 

be clinically appropriate)? 

 

 How will trials including only part of the intervention 
be handled? 

 

 How will trials including the intervention of interest 

combined with another intervention (co-intervention) 
be handled? 

 



Defining types of outcomes: which 
outcome measures are most important? 

Listing relevant outcomes 

 

Prioritizing outcomes: main, primary and 
secondary outcomes 

 

Adverse outcomes 

 

Economic data 



Listing relevant outcomes 

 Reporting of outcomes should rarely determine 
eligibility of studies for a review. 

 

 Reviews should include all outcomes that are likely to 

be meaningful. 

 

Outcomes considered to be meaningful and therefore 
addressed in a review have not necessarily been 

reported in individual studies. 

 

 Including all important outcomes in a review will 
highlight gaps in the primary research. 



Outcomes 

 Survival (mortality) 

 

 Clinical events (e.g. strokes 
or myocardial Infarction) 

 

 Patient-reported outcomes 
(e.g. symptoms, quality of 

life), 

 Adverse events 

 

 Burdens (e.g. demands on 
caregivers, frequency of 
tests, restrictions on 
lifestyle) 

 

 Economic outcomes (e.g. 
cost and resource use) 



Prioritizing outcomes: 

Main outcomes 

 

Primary outcomes  
 

Secondary outcomes 



Main outcomes 

 The main outcomes are the essential outcomes for 
decision-making, and are those that would form the 

basis of a ‘Summary of findings’ table. 

 

 There should be no more than seven main 
outcomes, which should generally not include 

surrogate or interim outcomes.  

 

 They should not be chosen on the basis of any 
anticipated or observed magnitude of effect, or 
because they are likely to have been addressed in 

the studies to be reviewed. 

 



Primary outcomes 

 Primary outcomes are the outcomes that would be 
expected to be analysed should the review identify 

relevant studies, and conclusions about the effects of 
the interventions under review will be based largely on 
these outcomes.  

 

 There should in general be no more than three primary 
outcomes 

 

 They should include at least one desirable and at least 
one undesirable outcome 



Secondary outcomes 

Main outcomes not selected as primary 

outcomes 

 

A limited number of additional outcomes the 

review intends to address  

 

Laboratory tests and other surrogate measures 



Adverse outcomes 

It is important that Cochrane reviews 

include information about the undesirable 

as well as desirable outcomes of the 
interventions examined.  

 

At least one undesirable outcome should 

be defined as a primary outcome measure. 

 



Economic data 

Economic data may be included as 
outcomes in a review.  

 

1. resource use 

 

2. costs 

 

3. cost-effectiveness 

 

4. Combination of these 



Defining types of study 

Certain study designs are more appropriate than 
others for answering particular questions. 

 

Authors should consider a priori what study 
designs are likely to provide reliable data with 
which to address the objectives of their review. 

 

There will always be a trade-off between 
restrictive study design criteria and more liberal 
design criteria 



What types of questions can 
be asked? 

Question Ideal study types 

Intervention Randomized controlled trial 

Frequency/rate 
(burden of illness) 

Cross-sectional study or consecutive sample 

Aetiology and risk Cohort study 

Prediction and 
prognosis 

Cohort study 

Diagnostic accuracy Random or consecutive sample 

Phenomena Qualitative research 



Defining the scope of a review question 

(broad versus narrow) 

Determining the scope of a review question is a 
decision dependent upon multiple factors 
including: 

Perspectives regarding a question’s 

relevance and potential impact 

Supporting theoretical, biologic and 
epidemiological information  

The potential generalizability and validity 

of answers to the questions  

Available resources 



How focused should the question be? 

The question should be sufficiently broad to allow 
examination of variation in the study factor (e.g. 

intensity or duration) and across populations. 

 

 

 

 

 

 

 

 

 

 

Three  questions: 
  
What is the mortality reduction in colorectal cancer from yearly 
faecal occult blood screening in 40–50-year-old females? 

 
 

 What is the effect of cancer screening on the general population? 
 
 

 What is the mortality reduction in colorectal cancer from faecal 
occult blood screening in adults? 
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Sources to search 
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Steps of Literature Review 

1) Problem formulation & Keyword extraction 
 Specify the topic or field you want to search about & extract its 

main concepts as keywords 
 

2) Literature search 
 Using the keywords specified in step one, we will search all 

the relevant available resources 
 

3) Data evaluation 
 Appraise the found literature & select those valid ones 
 

4) Analysis & interpretation 
 Discuss the findings and conclusions of pertinent  literature  



Basic Knowledge 
 Books 

 

Updated Knowledge 

 Periodicals 

Information Resources 



Information Resources 

Print Materials 

 

Electronic Materials 



Information Resources 

Journals & Papers 

Indexes  

Dissertations & Thesis 

Abstracts of Seminars 

Books & Booklets 



Bibliographic database 

A bibliographic or library database is a 

collection of bibliographic information.  

 

May contain information about papers, books 

and other materials held in a library. 



Databases 

General Databases 
(Comprehensive OR Core Databases) 

 

Specialized Databases 
(Subjects Specified Databases) 



General Databases 
(Comprehensive OR Core Databases) 

 Medical Sciences 

 Medline 

 Embase 

 Scopus 

 

 All Sciences 

 Web of Knowledge 



Subject-specific electronic 
bibliographic databases 

Biology and pharmacology 

  Biological Abstracts/BIOSIS Previews: 

  biosis.org/ 

  Derwent Drug File: 

 scientific.thomson.com/support/products/drugfile/ 

  International Pharmaceutical Abstracts: 

  scientific.thomson.com/products/ipa/ 
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Subject-specific electronic 
bibliographic databases 

Health promotion 

  BiblioMap – EPPI-Centre database of health promotion 

research (free on the internet): 

  eppi.ioe.ac.uk/webdatabases/Intro.aspx?ID=7 

  Database of Promoting Health Effectiveness Reviews 

(DoPHER) (free on the internet): 

  eppi.ioe.ac.uk/webdatabases/Intro.aspx?ID=2 
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Subject-specific electronic 
bibliographic databases 

International health 

  Global Health: 

 www.cabi.org/datapage.asp?iDocID=169 

  POPLINE (reproductive health) (free on the internet): 

 db.jhuccp.org/ics-wpd/popweb/ 
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Subject-specific electronic 
bibliographic databases 

Nursing and allied health 

  Allied and Complementary Medicine (AMED): 
  www.bl.uk/collections/health/amed.html 

  British Nursing Index (BNI): 
 www.bniplus.co.uk/ 

  Cumulative Index to Nursing and Allied Health (CINAHL): 
 www.cinahl.com/ 

  EMCare: 
  www.elsevier.com/wps/find/bibliographicdatabasedescription.cws home/ 

708272/description#description 

  MANTIS (osteopathy and chiropractic): 
  www.healthindex.com/ 

  OTseeker (systematic reviews and appraised randomized trials in 
occupational therapy) (free on the internet): 
 www.otseeker.com/ 

 Physiotherapy Evidence Database (PEDro) (systematic reviews and 
appraised randomized trials in physiotherapy) (free on the internet): 
  www.pedro.fhs.usyd.edu.au/ 
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Subject-specific electronic 
bibliographic databases 

Social and community health and welfare 

  AgeLine (free on the internet): 

 www.aarp.org/research/ageline/ 

  Childdata: 

  www.childdata.org.uk/ 

  CommunityWISE: 

 www.oxmill.com/communitywise/ 

  Social Care Online (free on the internet): 

  www.scie-socialcareonline.org.uk/ 

  Social Services Abstracts: 

  www.csa.com/factsheets/ssa-set-c.php 
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Subject-specific electronic 
bibliographic databases 

Social science, education, psychology and psychiatry 

  Applied Social Sciences Index and Abstracts (ASSIA): 
  www.csa.com/factsheets/assia-set-c.php 

  Campbell Collaboration’s Social, Psychological, Educational and 
Criminological Trials Register (C2-SPECTR) (free on the internet): 
  geb9101.gse.upenn.edu/ 

  Education Resources Information Center (ERIC) (free on the 
internet) 
  www.eric.ed.gov/ 

  PsycINFO: 
 www.apa.org/psycinfo/ 

  Social Policy and Practice (evidence-based social science research): 
 www.ovid.com/site/catalog/DataBase/1859.pdf 

  Sociological Abstracts: 
 www.csa.com/factsheets/socioabs-set-c.php 15 



General search engines 

 Google Scholar (free on the internet): 

 scholar.google.com/advanced scholar search?hl=en&lr= 

 

 Intute (free on the internet): 

  www.intute.ac.uk/ 

 

 Turning Research into Practice (TRIP) database 

(evidence-based healthcare resource)(free on the internet): 

 www.tripdatabase.com/ 
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Citation Databases 

Web of Science 

Scopus 

Google Scholar 

  (http://scholar.google.com) 

 



Dissertations and theses databases 

 Dissertations and theses are not normally 

indexed in general bibliographic databases such 

as MEDLINE or EMBASE but there are 

exceptions, such as CINAHL, which indexes 
nursing dissertations.  

 To identify relevant studies published in 

dissertations or theses it is advisable to search 

specific dissertation sources. 
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Dissertations and theses databases 

 ProQuest Dissertations & Theses Database: 

indexes more than 2 million doctoral dissertations 

and masters’ theses: 
 www.proquest.co.uk/products pq/descriptions/pqdt.shtml 

  Index to Theses in Great Britain and Ireland: lists 

over 500,000 theses: 

 www.theses.com/ 

  DissOnline: indexes 50,000 German dissertations: 

 www.dissonline.de/ 
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Grey literature databases 

 There are many definitions of grey literature, but 

it is usually understood to mean literature that is 

not formally published in sources such as books 

or journal articles. 
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Grey literature 

 

Examples of grey literature include: 
 

 Technical or research reports  

Doctoral dissertations  

 Some conference papers and pre-prints  

 Some official publications  

Discussion and policy papers 
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Grey Literature 
 INIST in France (Institute for Scientific and Technical Information) 

has launched OpenSIGLE, which provides access to all the former 
SIGLE records, new data added by EAGLE members and information 
from Greynet. 

  opensigle.inist.fr 

 The Healthcare Management Information Consortium (HMIC) 
 

 The National Technical Information Service (NTIS) 
  www.ntis.gov/ 

 PsycEXTRA is a companion database to PsycINFO in psychology, 
behavioural science and health 
  www.apa.org/psycextra/ 
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Hand searching 
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Part 2 

Popular databases 
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Index Medicus 
 

National Library of Medicine (NLM) 



Index Medicus 

 Making:  

 Author Index 

 Subject Index 

 

 



Medical Literature 
Analysis And Retrieval 

System 

MEDLARS 



MEDLARS ONLINE 

 

MEDLINE 



Medline Database 

 3200 Journal First  &  Now  +5400 Journal 

 More 250,000 Paper per Year 

 75% of the Whole Printed English Papers 
throughout the world 

 



Medline  

 1966 up to now  

 A National Library of Medicine (NLM) Product 

 The most used database by Medical Researchers 
throughout the world 



Medline  

 Publish more than 800 papers per day 

Covers Medical, Dental & Nursing papers 

 In 2006, 5,454 journals are currently 
indexed for MEDLINE  

Available online through web since 1971. 



Medline structure 

 File 

 Records 

 Fields  

 Titles (Ti) 

 Authors (Au) 

 Source (So) 

 Journal Name (Jn) 

 Main Abstract (MA) 

 Medical Subjects Headings (MESH) 

 ……………………………………………… 

 



Medline  

 Search Methods 

1. Find (Search) 

2. Index 

3. Thesaurus (MeSH) 

 Output Options 

1. View 

2. Download 

3. Print 

4. Email 



 PubMed 

   PubMed is available via the NCBI 

   Entrez retrieval system. It was 
developed by the National Center for 
Biotechnology Information (NCBI) at 
the National Library of Medicine (NLM), 
located at the National Institutes of 
Health (NIH).   



MEDLINE Facts 

Producer National Library of Medicine, Washington, DC. 

Subjects medicine, dentistry, nursing, preclinical sciences, health care 

systems, veterinary medicine 

Size +5400 journals indexed; +19 million references 

Scope Journals from 70 countries (>50% US) 

Languages 30+ 

Abstracts included for >75% of references; author-written 

 

Coverage 1966 – present 
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Web of Knowledge 



Web Of Knowledge 

 Formerly known as ISI Web of Knowledge 

 Is an academic citation indexing and search service, 
which is combined with web linking 

 Provided by Thomson Reuters.  

 Covers: 

 The sciences 

 Social sciences 

 Arts and humanities.  

 It provides bibliographic content and tools to access, 
analyze, and manage research information.  

 Multiple databases can be searched simultaneous 



Web Of Knowledge includes: 

 23,000 academic and scientific journals 

(including Web of Science journal listings) 

 23,000,000 patents 

 110,000 conference proceedings 

 9,000 websites Coverage from the year 1900 to 

present day (with Web of Science) 

 Over 40 million source items Integrated and 

simultaneous searching across multiple 
databases 



The Web of Knowledge suite 
encompasses the following databases: 
 Arts & Humanities Citation Index is accessed via the Web of Science 

 Biological Abstracts 

 Biosis Citation Index on the Web of Knowledge platform 

 CAB Abstracts from CAB Direct 

 Conference Proceedings Citation Index complements and extends the journal-based information in other 

Web of Science citation databases. 

 Current Chemical Reactions Web of Science access 

 Current Contents Connect 

 Derwent Innovations Index 

 Essential Science Indicators 

 FSTA Food Science Technology Abstracts 

 Global Health from CAB Direct 

 Index Chemicus 

 Inspec incorporates backfiles to 1898 

 Highly Cited 

 Journal Citation Reports 

 MEDLINE bibliographic database for the U.S. National Library of Medicine 

 Science Citation Index Expanded 

 Social Sciences Citation Index 

 Web of Science provides bibliographic and citation information in the sciences, social sciences, arts, and 

humanities. 

 Zoological Record a database of animal biology and taxonomic reference (unofficial register of animal 

names). 



What's the difference between Web of 
Science and Web of Knowledge? 

 Web of Knowledge is a comprehensive research 
platform, which means it brings together many different 

types of content for searching. Journal articles, patents, 
websites, conference proceedings, Open Access material 
— all can be accessed through one interface, using a 

variety of powerful search and analysis tools.  

 Web of Science® can be found within Web of 
Knowledge. This resource offers access to journal 

articles in the sciences, social sciences and arts and 
humanities. Web of Science contains over 100 years of 

valuable research, fully indexed and cross-searchable.  

 



Web of Science 

 Access the world’s leading scholarly literature in 

the sciences, social sciences, arts, and 

humanities and examine proceedings of 

international conferences, symposia, seminars, 
colloquia, workshops, and conventions.  

 Your edition(s): 

 Science Citation Index Expanded (1993-present)  

 Social Sciences Citation Index (1993-present)  

 Conference Proceedings Citation Index- Science 

(1990-present)  

 Conference Proceedings Citation Index- Social Science 
& Humanities (1990-present)  

 



Institute for Scientific Information 
(ISI) 

 ISI was founded by Eugene Garfield in 1960. 

 It was acquired by Thomson Scientific & Healthcare in 
1992, became known as Thomson ISI 

 ISI offered bibliographic database services. 

 It maintains citation databases: 

 Science Citation Index (SCI) 

 Social Sciences Citation Index (SSCI) 

 Arts and Humanities Citation Index (AHCI).  

 All of these are available via ISI's Web of Knowledge 
database service. This database allows a researcher to 

identify which articles have been cited most frequently, 
and who has cited them. 
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Journal Citation Report (JCR) 

 The ISI also publishes the annual JCR which list 

an impact factor for each of the.  

 A list of over 14,000 journals is maintained by 
the ISI 
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Impact Factor (IF) 

 In a given year, the impact factor of a journal is the 
average number of citations received per paper 

published in that journal during the two preceding years. 

 For example, if a journal has an impact factor of 3 in 
2008, then its papers published in 2006 and 2007 

received 3 citations each on average in 2008.  

 The 2008 impact factor of a journal would be calculated 
as follows: 

 A = the number of times that articles published in 2006 and 
2007 were cited by indexed journals during 2008.  

 B = the total number of "citable items" published by that journal 
in 2006 and 2007.  

 2008 impact factor = A/B.  



Scopus  
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 Officially named SciVerse Scopus 

 A bibliographic database containing abstracts 

and citations for academic journal articles. 

 Covers nearly 19,500 titles from over 5,000 

international publishers, of which 16,500 are 

peer-reviewed journals in the scientific, 

technical, medical, and social sciences (including 

arts and humanities).  

 Owned by Elsevier 

 Available online by subscription.  



Scopus 

• Launched in November 2004, is the largest abstract 
and citation database containing both peer-reviewed 
research literature and quality web sources.  

 

• Over 18,000 titles from more than 5,000 publishers 

 

• Scientific, technical, medical and social sciences 
fields and, more recently, also in the arts and 
humanities. 

 



Scopus 

• 18,000 titles:  

– 16,500 peer-reviewed journals (including 1,200 Open 
Access journals) 

– 600 trade publications 

– 350 book series 

– 3.6 million conference papers from proceedings and 
journals 

• 41 million records 

– 20 million records with references back to 1996 (of which 
78% include references) 

– 20 million records pre-1996 which go back as far as 1823 

 



Scopus 

 318 million scientific web pages 

 23 million patent records from five patent offices 

 “Articles-in-Press” from over 3,000 journals 

 Features and functionality designed to support and 
improve researchers’ workflow, including:  

 Seamless links to full-text articles and other library 
resources 

 Refine results and citation overviews 

 Author and affiliation searching 

 Alerts via email, RSS etc. 

 



EMBASE 

• A bibliographic database in the area of 
biomedicine, is the most current biomedical 
database available today.  
 

• Articles appear in the database, on average, 
within two weeks of receipt of the original journal.  
 

• Each record contains the full bibliographic citation, 
indexing terms, and other information about the 
original article; 80% of all citations in EMBASE 
include author-written abstracts.  
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EMBASE 

 About 580,000 abstracts and citations are added 
annually and each record is classified and indexed by 

medical research specialists who assign terms in 
accordance with EMTREE.  

 

 EMTREE is Elsevier's Life Science thesaurus consisting of 

more than 50,000 terms and nearly 210,000 synonyms. 

 

 Beginning in 2010, updates included sources that were 
previously available only in Medline. In addition, an 

archive of some 7M Medline-derived records was added 
to the files. 

 
4/4/2018 57 



EMBASE (Subject Coverage) 

• EMBASE covers about 7,000 journals from approximately 70 
countries and the following areas: 

• Drug Research, Pharmacology, Pharmacy, 
Pharmacoeconomics, Pharmaceutics, and Toxicology  

• Human Medicine (Clinical and Experimental)  

• Basic Biological Research  
• Health Policy and Management  

• Public, Occupational, and Environmental Health  
• Substance Dependence and Abuse  
• Psychiatry  

• Forensic Science  
• Biomedical Engineering and Instrumentation  
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EMBASE 

Language English/Non-English 

Coverage About 7000 journal articles 

Updates Daily 

Thesaurus EMTREE 

Publisher Elsevier B.V. 
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Finding Reviews 
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Database of Abstracts of 
Reviews of Effects (DARE) 

 DARE is a Full Text database containing critical 
assessments of systematic reviews from a variety of 

medical journals.  

 

 DARE is produced by the National Health Services' 
Centre for Reviews and Dissemination (NHS CRD) at the 

University of York, England, and consists of structured 
abstracts of systematic reviews from all over the world.  

 

 DARE records cover topics such as diagnosis, prevention, 

rehabilitation, screening, and treatment.  
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Local Evidence 
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SID (Scientific Information 
Database) 

 :عبارتند از   SIDخدمات عمده پايگاه 

 پژوهشي کشور                                          -جستجو و ارائه چکيده مقاالت نشريات علمي 

 دسترسي به متن کامل(Full Text )                                                                    مقاالت 

 معرفي و ارائه مقاالت نشريات ايراني نمايه شده درISI                                                 

                       دسترسي به مجموعه مقاالت محققان ايراني چاپ شده در نشريات بين المللي 

پژوهشي کشور  –هاي استنادي نشريات علمي سرويس گزارش(JCR ) از طريق شاخص تاثير(Impact 
Factor  ) ني

 
 (         Immediacy Index)و شاخص ا

 معرفي نشريات و نويسندگان مقاالت پر استناد 

 سرويس ارسال الک ترونيکي مقاالت(Online Submission )و رهگيري پيشرفت کار توسط نويسندگان 
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وري اطالعات ايران
 
 پژوهشگاه علوم و فن ا

دارد و براساس گزارش شورای عالی اطالع رسانی از بازدیدكننده  هزار نفر 22روزانه ، هزار ركورد اطالعاتی 615بیش از پایگاه های اطالعات علمی پژوهشگاه، با 
 .را در میان سایت های دولتی داراستحجم محتوا، مقام اول لحاظ 

 

 :عنوان مهمترین پایگاه های پژوهشگاه

ركورد  847هزار و  126كارشناسی ارشد و دك ترا،  -پایان نامه های ایران 

ركورد  842هزار و  15ایان نامه های فارغ التحصیالن ایرانی خارج از كشور، پ 

 ،ركورد  76هزار و  90طرح های پژوهشی كشور 

ركورد  286هزار و  139،  مقاالت  علمی  و فنی  نشریات  ادواری  فارسی 

 ،ركورد  840هزار و  27گزارش های دولتی ایران 

 ركورد  947هزار و  105،  مقاالت  سمینارها، کنگره ها و سمپوزیوم های  علمی  و فرهنگی  ایران 

 ،ركورد  373هزار و  19بانك اطالعات محققان و متخصصان كشور 

 ،ركورد 828هزار و  17فهرست  مشترک  نشریات  ادورای  التین  ك تابخانه های  كشور 

 ركورد  837هزار و  3طالعات خزر، ا 

  ب
 اطالعات ا 
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Registries 
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E. Journals 



Electronic Journals & Collection 

 Elsevier Science 

 Ovid (LWW) 

 Wiley InterScience (Included old Blackwell 
Science) 

 Springer 

 Oxford university Press 

 Proquest 

 Ebsco 
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E-Journals Approaches 

 Browse a Journal Title  

     a. Title 

     b. Subject 

  Search A Journal Paper (Article) 

     a. Simple 

     b. Advanced 
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How to see where a journal is indexed? 

 To check in which database a journal is indexed & where 
we can find its full text, search your journal name in 

these websites: 

 

 http://jake.openly.com/ 

 

 http://journalseek.net/ 

 

http://jake.openly.com/
http://jake.openly.com/
http://jake.openly.com/
http://journalseek.net/


ScienceDirect 



Elsevier Science Direct 

 ScienceDirect covers about 24.4% of the world’s 

full-text scientific, technical and medical (STM) 
information across 24 fields of science. 

 

 



Intersting to know that … 

 Elsevier stablished 1620 ! 

 ScienceDirect contains over 9 Million peer 

reviewed article 

 36 full text downloads every second during an 

average working day. 

 

 



ScienceDirect 

 One of the largest online collections of published 
scientific research in the world.  

 It is operated by the publisher Elsevier 

 Contains nearly 10 million articles 

 Over 2,500 journals 

 Over 11,000 e-books, reference works, book series 
and handbooks issued by Elsevier.  

 More than 700 million articles have been 
downloaded since launch 

 Around one million authors are published each year 



ScienceDirect 

The articles are grouped in four main 
sections:  

 Physical Sciences and Engineering 

 Life Sciences 

 Health Sciences 

 Social Sciences and Humanities.  



ScienceDirect: Access to the 
abstracts and full text 

 Abstracts are freely available for most of them 

 Access to the full text of the article (in PDF, and 
also HTML for newer publications) requires a 

subscription or pay-per-view purchase. 



Elsevier 



Elsevier 

 ScienceDirect is a part of Elsevier.  

 Headquartered in Amsterdam, The Netherlands,  

 The company is the world's largest scientific, 
technical and medical information provider  

 Publishes over 2,000 journals as well as books 

and secondary databases. 

http://www.elsevier.com/


Thanks for your attention 
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Search Strategy 

Dr. Jaleh Gholami 



Designing search strategies 

• Consider PICO 



Consider PICO 

• search strategy should be based on the main 
concepts  of review (PICO) 

• It is usually unnecessary, and even 
undesirable, to search on every aspect of the 
review’s clinical question 



Designing search strategies 

• Consider PICO 

• Controlled vocabulary 



Controlled vocabulary  

 

• MEDLINE (MeSH)  

• EMBASE (EMTREE) 



MedLine via Pubmed 



MeSH Database 

 



 



 



 



 



Designing search strategies 

• Consider PICO 

• Controlled vocabulary 

• Key words (related articles, entry terms …) 



Designing search strategies 

• Synonyms, related terms, variant spellings 

• Truncation 

  

 



• Vaccin* [Title] 
 

• vaccin[Title] OR vaccina[Title] OR vaccinable[Title] OR vaccinaction[Title] OR vaccinae[Title] OR 
vaccinaemia[Title] OR vaccinaion[Title] OR vaccinal[Title] OR vaccinalis[Title] OR vaccinant[Title] OR 
vaccinate[Title] OR vaccinated[Title] OR vaccinated/unvaccinated[Title] OR vaccinated'[Title] OR 
vaccinates[Title] OR vaccinatin[Title] OR vaccinating[Title] OR vaccinatio[Title] OR vaccination[Title] 
OR vaccination/adoptive[Title] OR vaccination/challenge[Title] OR vaccination/genetic[Title] OR 
vaccination/immunisation[Title] OR vaccination/infection[Title] OR vaccination'[Title] OR 
vaccination's[Title] OR vaccinational[Title] OR vaccinationem[Title] OR vaccinationism[Title] OR 
vaccinationists[Title] OR vaccinations[Title] OR vaccinatkon[Title] OR vaccinaton[Title] OR 
vaccinator[Title] OR vaccinator's[Title] OR vaccinators[Title] OR vaccinators'[Title] OR 
vaccinatum[Title] OR vaccinazione[Title] OR vaccincated[Title] OR vaccinces[Title] OR 
vaccincine[Title] OR vaccine[Title] OR vaccine/adjuvant[Title] OR vaccine/aids[Title] OR 
vaccine/antivirals[Title] OR vaccine/bacterial[Title] OR vaccine/challenge[Title] OR 
vaccine/cytokine[Title] OR vaccine/haemophilus[Title] OR vaccine/immunotherapy[Title]... 



Designing search strategies 

• Synonyms, related terms, variant spellings 
• Truncation 
 random* (for random or randomised or 

randomized or randomly, etc) 
• Wildcard  
 wom?n (for woman or women). 
• Boolean Operators (AND, OR, NOT, …) 
• Proximity operators (NEAR, NEXT and ADJ) 
• Limit (Language, date and document format) 
• Search filters (RCT) 

 
 



 



 



 



 



 



Some Questions 

Sensitive or Specific? 

How many articles are enough? 

What should be reported? 

 

 



What should be reported? 

• all databases searched 
• the dates of the last search AND the period 

searched 
• any language or publication status restrictions 
• grey literature sources 
• individuals or organizations contacted 
• any journals and conference proceedings 

specifically handsearched 
• any other sources searched (e.g. reference lists, 

the internet).  
 



Assessing Risk of Bias in 
Included Studies  

 

Afshin Ostovar 
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• The extent to which review can draw conclusions about 
the effects of an intervention depends on whether the 
data and results from the included studies are valid.  

 

• A meta-analysis of invalid studies may produce a 
misleading result, yielding a narrow confidence interval 
around the wrong intervention effect estimate. 

 

• The evaluation of the validity of the included studies is 
therefore an essential component of a review. 
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External Vs Internal validity 

• External validity is whether the study is asking 
an appropriate research question. 

 

• Internal validity relates to whether the study  
answers its research question ‘correctly’, that 
is, in a manner free from bias. 
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Bias 
• A bias is a systematic error, or deviation from the 

truth, in results or inferences.  

 

• Biases can operate in either direction: 
underestimation or overestimation 

 

• Biases can vary in magnitude: small or substantial 

 

• Because the results of a study may in fact be unbiased 
despite a methodological flaw, it is more appropriate 
to consider risk of bias. 
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‘Risk of bias’ and ‘quality’ 
1. The key consideration in a Cochrane review is the extent to 

which results of included studies should be believed. 
Assessing risk of bias targets this question squarely. 

 

2. A study may be performed to the highest possible 
standards yet still have an important risk of bias.  

 

3. Some markers of quality in medical research, such as 
obtaining ethical approval, performing a sample size 
calculation and reporting a study in line with the CONSORT 
Statement , are unlikely to have direct implications for risk 
of bias. 
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Medical Databases 

Hamed Hosseini  

 

Clinical Trial Center 

Tehran University of Medical Sciences 



Meta-Analysis 



Steps of a systematic review 

 Step 1: Framing question for a review 

 Step 2: Identifying relevant literature 

 Step 3: Assessing the quality of the literature 

 Step 4: Summarizing the evidence 

 Step 5: Interpreting the finding 



Definitions 

 When an systematic review incorporates a 

specific statistical strategy for assembling the 

results of several studies into a single 

estimate. 

 



Review of basic concepts 

 Parameter vs statistics 

 Description vs analysis 

 Type of outcome variables 

 Effect size 

 Statistical significance vs clinical importance 

 Measure of association (binary vs continuous) 
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Meta analysis  
of Descriptive studies 

 To find the best estimate  

 To assess the consistency 

 To evaluate the determinants of differences 
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Meta analysis  
of Analytic studies 

 To assess the associations : 

 The effects and its direction 

 Its significance 

 Its consistency/ heterogeneity 

 The causes of heterogeneity 

 How you are confident with evidences 

 

 

7 



The role of meta analysis 

 Statistical power 

 The precision 

 To answer the new question beyond the single 
study perspective 

 To conclude the different findings 
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Limitations of meta analysis 

 Combining the heterogeneous studies in terms of  

 Designs 

 Methods 

 Quality 

 ... 

 

 Not to care the publication bias 
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Steps to systematic review 

 Calculating a common scale 

 Combining the different study’s statistic 

regarding the defined weights 

 Evaluating the heterogeneity among studies  

 Refining the analysis and find the potential 

causes of heterogeneity 

 Stating the clear/precise/accurate conclusion. 
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Meta-Analysis 

 In a meta-analysis, the effects observed across 

studies are pooled to produce a weighted 

average effect of all the studies-the summary 

effect. 

 Each study is weighted according to some 

measure of its importance. 

 In most meta-analyses, this is achieved by 

assigning a weight to each study in inverse 
proportion to the variance of its effect. 



12 

 Concretely, the weight assigned to each study in a fixed-

effect meta-analysis is 

 

 

 

 where VYi is the within-study variance for study (i).  
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 The weighted mean (M) is then computed as 

 

 

 

 The variance of the summary effect is estimated as the 

reciprocal of the sum of the weights, or 

 

 



Fixed effect model 

 In this model, all of the observed difference 

between the studies is due to chance. 

 Observed study effect=Fixed effect+ error 
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Fixed effects model 

 All trials are measuring a single, true effect 

 

 The reason for any difference between the effect 
in an individual trial and this true effect is chance. 



Fixed-Effects Model 

x 



Fixed Effects Model 

 Require from each study  

 effect estimate; and 

 standard error of effect estimate 

 Combine these using a weighted average: 

 pooled estimate = 

 

 where weight     =   1 / variance of estimate 

 Assumes a common underlying effect behind 

every trial 

 

 

sum of (estimate  weight)   
sum of weights 



Fixed Effects Model 

 Require from each study  

 effect estimate; and 

 standard error of effect estimate 

 Combine these using a weighted average: 

 pooled estimate = 

 where weight     =   1 / variance of estimate 

 Assumes a common underlying effect behind 

every trial 

 

 

sum of (estimate  weight)   
sum of weights 
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Random Effects models 

 consider both between-study and within-study 
variability.   

 Each trial is measuring a different, true effect 

 The true effects for each trial are normally 
distributed 

 There is a true average effect 

 The reason for any difference between the effect 
in an individual trial and this average effect is 
both the difference between the true effect for 
the trial and this average, and chance. 

 

 



Random-Effects Model 

x 



Random-Effects Model 

 Assume true effect estimates really vary across 

studies 

 Two sources of variation: 

 within studies (between patients) 

 between studies (heterogeneity/ Tau square) 

 What the software does is Revise weights to 
take into account both components of variation: 

 Weight =    

 

 

1 
Variance + heterogeneity 



Random-Effects Model 

 When heterogeneity exists we get: 

 a different pooled estimate (but not necessarily) with 

a different interpretation 

 a wider confidence interval 

 a larger p-value 

 



Random effect model 

 Assume there are two component of variability: 

 1)Due to inherent differences of the effect being 

sought in the studies (e.g. different design, 
different populations, different treatments, 

different adjustments ,etc.) 

 2)Due to sampling error 



 The “random effect” model, assumes a different 

underlying effect for each study.  

 This model leads to relatively more weight being 
given to smaller studies and to wider confidence 

intervals than the fixed effects models. 

 The use of this model has been advocated if 

there is heterogeneity between study results.  



 The “random effect” model may exaggerate the 

impact of publication bias and poor quality in 

smaller studies. 

 



Generic Inferential Framework  



Fixed Effects 

Random Effects 

Fixed vs. Random Effects:  
 Discrete Data              



Summarizing the Evidence 

 First Question: Are the observed estimations are 

consistent among the  included studies? (if not, 

why?) 

 

 Is a statistical combination of individual effects is 

feasible? 

 

 How to find the heterogeneity? 

 Graphically Vs Statistically 



Assessing between study 
heterogeneity  

 When effect sizes differ, but only due to chance 

error, the effect estimate considered to be 

homogenous (unique true effect). 

 When the variability in effect sizes exceeds that 

expected from chance alone, and there are 

“real” differences between studies there are 

heterogeneity. 



Possible cause of Heterogeneity 

  Due to chance 

  Due to scale used to measure the effect 

  Due to treatment characteristics 

  Due to patient level covariates 

  Unexplainable 

  Characteristics of the design & conduct. 

 



Graphical Display 
 The graphical display of results from individual studies 

on a common scale is a “Forest plot”. 
 

  In the forest plot each study is represented by a black 
square and a horizontal line (CI:95%). 

 
 The area of the black square reflects the weight of the 

study in the meta-analysis. 
 

  Forest plot is an important step, which allows a visual 
examination of heterogeneity between studies. 





Forest plots could answer … 

1. How many studies are there? 

2. How many studies favour treatment (steroid 

injection)? 

3. How many studies are statistically significant? 

4. Which is the largest study? 

5. Which is the smallest study? 

6. What is the combined result? 

 



Interventions for replacing missing teeth: 
antibiotics at dental implant placement to 

prevent complications 

Outcome: Implant failures 
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Forest plots could answer … 

1. How many studies are there? 

2. How many studies favour treatment (steroid 

injection)? 

3. How many studies are statistically significant? 

4. Which is the largest study? 

5. Which is the smallest study? 

6. What is the combined result? 

 



Interventions for replacing missing teeth: 
antibiotics at dental implant placement to 
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Outcome: Implant failures 



Forest plots could answer … 

1. How many studies are there? 

2. How many studies favour treatment (steroid 

injection)? 

3. How many studies are statistically significant? 

4. Which is the largest study? 

5. Which is the smallest study? 

6. What is the combined result? 

 



Interventions for replacing missing teeth: 
antibiotics at dental implant placement to 

prevent complications 

Outcome: Postoperative infections 



Honey as a topical treatment for 
minor acute wounds 

Outcome: Time to healing 



Overall Effect Size Estimates for Male 
Circumcision and HIV Infection Among Men 

Who Have Sex With Men 

Outcome: HIV Infection 
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A systematic review does not 
always have to have a meta-

analysis! 

We should proceed with meta-analysis 
only if the studies are similar in clinical 

characteristics and methodological 
quality, and are homogenous in effects. 



Steps of a systematic review 

 Step 1: Framing question for a review 

 Step 2: Identifying relevant literature 

 Step 3: Assessing the quality of the literature 

 Step 4: Summarizing the evidence 

 Step 5: Interpreting the finding 



 The principal findings should be related to the 

main question formulated in step1. 

 Other finding should be considered secondary. 



Validity of the main finding 

 Are the searches adequate? 

 Is there a risk of publication and related biases? 

 Is the quality of the included studies high enough? 



Limitations of Systematic Review 

 Reporting bias and the inadequate quality of 

primary research are potentially serious 

problems for systematic reviews. 

 The dissemination of research findings is not a 

random process; rather it is strongly influenced 

by the nature and direction of results. 



Type of reporting bias 

Publication bias  The publication or non-

publication of research 

findings, depending on 

the nature and direction 

of the results 



Publication bias 

 

 Arising from the researchers deciding whether or 

not to submit result 

  Arising from the tendency of journals to reject 

negative studies 

 Sponsorship 

 …. 



Methods of preventing publication bias 

 1-Registeries 

 2-Editorial policy 



Time lag bias  The rapid or delayed 

publication of research 

finding, depending on 

the nature and direction 

of the results 



 Multiple (duplicate) 

publication bias 

 The multiple or singular 

publication of research 

finding, depending on 

the nature and direction 

of the results 

 



 Citation bias   The citation or non-

citation of research 

    finding, depending on 

the nature and direction 

of the results 

 



 Language bias  The publication of 

research finding in a 

particular language,  

depending on the nature 

and direction of the 

results 

 



 Outcome reporting bias  The selective reporting 

outcomes but not  of 

others , depending on 

the nature and direction 

of the results 
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Funnel plots  
 A funnel plot is a scatter plot of treatment effect 

(Effect Size) against a measure of study size.  
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Why Funnel? 

 Precision in the estimation of the true treatment 

effect increases as the sample size increases.  

 

 Small studies scatter more widely at the bottom 

of the graph  

 

 In the absence of bias the plot should resemble 

a symmetrical inverted funnel  



Funnel Plots 



Starting with SATA 
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symptoms were evaluated by medical
staff within 24 hours of onset. There
were no significant differences in the
incidence of symptomatic respiratory
infections (SRI’s) among the study
groups. However, none of subjects in
the WGP group missed work or school
due to colds, while subjects with colds in
the placebo group missed an average of
1.38 days (Intent to Treat: (0.00 ± 0.00
vs. 1.38 ± 1.25; p = 0.026). Quality of
Life, assessed by the Physical
Component Summary score (SF36v-2),
improved significantly in the WPG
group vs the placebo group after 90 days
as compared to baseline (Intent to Treat:
0.8 ± 5.5 vs. -1.9 ± 2.8; p = 0.042). The
WGP group had a significantly lower
average fever score than the placebo
group (Per Protocol: 0.00 ± 0.00 vs. 3.50
± 3.42; p = 0.042). No adverse events
were detected and no safety concerns
were presented. This preliminary study
suggests 1,3-1,6 beta-glucan from
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Randomized Phase II Clinical
Trials of Wellmune WGP® for
Immune Support During Cold and
Flu Season
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KEYWORDS: common cold, human
influenza, beta-glucans

ABSTRACT
Beta-glucan from oats and barley may
decrease cardiovascular risk factors.
Beta-glucan from some kinds of mush-
rooms may have as similar effect while
modulating the immune system. This
pilot trial examined whether beta-glucan
derived from Saccharomyces cerevisiae
can favorably decrease the risk of or
symptomology associated with upper
respiratory illness. Forty healthy adult
subjects (18 to 65 years of age) were
enrolled in a 12-week, randomized, dou-
ble-blind, placebo-controlled, parallel-
group trial conducted during the cold/flu
season. The treatment arm compared
Wellmune WGP® (WGP)  gluco polysac-
charide (beta-glucan) (500 mg/d) vs a
placebo (500 mg rice flour). Cold/flu
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Saccharomyces cerevisiae may modulate
the immune system and reduce some
risks associated with upper respiratory
influenza infections.

INTRODUCTION
The common cold, typically caused by
human parainfluenza viruses, remains
one of the most frustrating of medical
illnesses, given its incidence and preva-
lence. The common cold has significant
effects on health, well-being, and pro-
ductivity. Each cold experienced by a
working adult results in an average of
8.7 lost work hours, and 1.2 lost work
hours due to attending to sick children.1
The economic burden of lost productivi-
ty due to colds is approximately $25 bil-
lion annually, with lost productivity from
missed work days comprising the major-
ity of the financial burden.2 There are
no reliable interventions currently avail-
able that significantly protect against
influenza infections or prevent the
occurrence of this illness. There have
been several clinical trials evaluating a
variety of dietary supplements for the
prevention and treatment of both exper-
imentally induced and naturally occur-
ring colds. Many of those interventions
included Echinacea,3-13 vitamin C,14-18

probiotics,19 ginseng,20 vitamin E, 21,22 and
zinc. 20,23-36 Other studies indicate no
dietary supplement consistently reduces
the risk of the common cold. Some
studies suggest vitamin E and ginseng
may reduce the incidence of common
colds,20,21 while other investigations
report no favorable effects of vitamin E
on upper respiratory tract infection.22

Zinc, from zinc acetate, is reported to
reduce the symptom and severity of
common colds in healthy adults,29 while
other reports suggest the absence of any
effect.32,33 These apparent discrepancies
are due to various study limitations
across the literature, such as potential
differences in product identity and dose,
and small sample size and low statistical

power, or lack of a clinical effect.
Another possibility may be genetic vari-
ations and immunocompetencies among
study subjects.

Biological response modifiers such as
beta-glucan, enhance the innate immune
response without inducing damaging
pro-inflammatory cytokines, and may
represent a novel approach to protect
against cold and flu pathogens. 37,38

Beta-glucans are glucose polymers
derived from yeast, fungi, or from oats.
In vivo studies suggest beta-glucans may
enhance the immune system responses
to infectious organisms without eliciting
a pro-inflammatory cytokine response.
37,39-43 Other in vivo investigations report
that oat-derived beta-glucan can
decrease increased risk of upper respira-
tory tract infection as a result of stress-
ful exercise in mice.44,45

In clinical trials, beta-glucan reduces
postoperative infection rates and short-
ens intensive care unit stay duration.46-48

One study also reported that increasing
doses of beta-glucan resulted in fewer
infections after surgery.46

Beta-glucan from a variety of dietary
sources has immunomodulatory proper-
ties. The potential immunomodulatory
effect of beta-glucan from
Saccharomyces cerevisiae has not been
evaluated in a structured clinical trial
that assesses its efficacy on the preven-
tion and/or treatment of the common
cold in a healthy adult population. The
current study aimed to determine
whether the proprietary beta-glucan
extract Wellmune WGP® (WGP) can
reduce the incidence and/or
duration/severity of respiratory illnesses
in a healthy population during peak
cold/flu season.

MATERIALS AND METHODS
Protocol 
A randomized, double-blind, placebo-
controlled, parallel-group trial compared
beta-glucan extract Wellmune WGP®



prior to enrollement underwent a 4-
week washout phase prior to randomiza-
tion. Subjects were then randomly
assigned to trail groups in which they
were blinded to intervention. During
the 90-day intervention period, subjects
consumed 500 mg/d of beta-glucan or a
rice-flour placebo. Subjects were evalu-
ated by the medical staff within 24 hours
of cold onset.

Endpoints were measured at the
onset of symptoms of a respiratory
infection, and twice daily for seven days.
Endpoints measured were changes from
baseline in: number of symptomatic res-
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(WGP) and placebo in healthy commu-
nity-dwelling subjects. Wellmune WGP,
a registered trademark of Biothera, is a
functional ingredient for foods, bever-
ages and supplements that is derived
from a proprietary strain of yeast
(Saccharomyces cerevisiae) . The entire
study was conducted at the Miami
Research Associates (Miami, FL) facili-
ties. This study was approved by the
Copernicus Group, an Independent
Review Board located in Cary, North
Carolina.

All subjects who were taking
immune-modifying dietary supplements

Table 1. Inclusion and Exclusion Criteria
Criteria 
Inclusion criteria Age !18 and " 65

Generally healthy   
BMI > 25 kg/m2 and " 40 kg/m2 at screening   
Agree to all study visits and visit procedures
Females must agree to use appropriate birth control methods during the study
Community dwelling
At least 1 self-reported cold in the last 12 months prior to screening

Exclusion criteria Cigarette smoking
Current respiratory illness
Temperature > 38.3°C at screening 
Immune modifying medications: Anti-inflammatory agents, Antibiotics, Steroids
Subjects with any history of immune system disorder or auto-immune disorder 
including but not limited to the following:

• AIDS, HIV,
• Ankylosing Spondylitis, Chronic Fatigue Syndrome, CREST Syndrome, Crohn’s

Disease, Dermatomyositis, Fibromyalgia, Grave’s Disease, Hashimoto’s Thyroiditis,
Lupus, Myasthenia Gravis, Pernicious Anemia, Polyarteritis Nodosa, Primary Biliary
Cirrhosis, Psoriasis, Reynaud’s Disease, Rheumatoid Arthritis, Sarcoidosis,
Scleroderma, Sjögren’s Syndrome, Temporal Arthritis, Ulcerative Colitis, and Vitiligo

Use of any immunosuppressive drugs in the last 5 years (Steroids, Biologics, etc.)
History of Splenectomy
History of Tuberculosis
Diabetes (Type I and II)
Untreated Hypothyroidism
Active Liver Disease with liver function tests > 2X upper limit of normal (ULN)
Active Renal Disease with Cr > 1.5 ULN
Active Asthma requiring ongoing treatment
Weight loss of ? 20 pounds in the last 3 months   
Untreated or unstable Hypothyroidism   
Abnormal physical examination   
Subjects with active eating disorder including anorexia nervosa, bulimia, and/or obsessive
compulsive eating disorders 
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piratory infections (SRIs) that each sub-
ject had during the study, total days of
duration of each subject’s SRIs, average
days of duration of each subject’s SRIs,
symptom-days total for each SRI symp-
tom based on a self-report daily diary,
and average symptom-day total for each
subject that included categories SRIs
into Colds, Flu, or Pharyngitis. Other
endpoints included safety data through
laboratory (CBC, kidney, and liver func-
tion) and physical testing.

Subjects
Subjects were screened in January and
February of 2006. Subjects were recruit-
ed from existing patient populations,
physician referrals, subject databases,
and community-based local advertising.
Approximately 65 potential candidates
were telephone screened and 42 were
called in for a screening visit (Figure 1).
Exclusion and inclusion criteria are pro-
vided in Table 1. Out of the 42 potential
subjects, two screened subjects did not

Table 2. Baseline Characteristics 
Subject Demographics

Variables WGP 3–6 (n = 21) Placebo (n = 19)
Total (%) Total (%) p-value

Age (years) 30.3 ± 11.4 36.4 ± 16.2 0.248 
Sex: 

Female 14 (67) 14 (74 0.736 
Male 7 (33) 5 (26) 

Race: 
Asian 1 (5) 0 (0) 1.000 
Caucasian 18 (86) 19 (100) 
Other 1 (5) 0 (0) 
Unknown 1 (5) 0 (0) 

Hispanic: 
No 5 (24) 6 (32) 0.727 
Yes 16 (76) 13 (68)

Consent Language: 
English 21 (100) 19 (100)

Morphometry and Vital Signs
WGP 3–6 (n = 21) Placebo (n = 19) p-value
Total (%) Total (%)

Height (cm) 167.4 ± 9.7 166.8 ± 10.1 0.851 
Weight (kg) 66.3 ± 11.8 70.2 ± 14.9 0.486 
BMI (kg/m2) 23.6 ± 2.5 25.1 ± 4.3 0.258 
Body temperature (°F) 98.16 ± 0.48 98.22 ± 0.60 0.531 
Heart Rate

(beats/minute) 81.7 ± 16.6 72.5 ± 10.7 0.098 
SBP (mm Hg) 112.3 ± 12.9 112.7 ± 8.0 0.919 
DBP (mm Hg) 71.8 ± 10.8 74.1 ± 6.2 0.433 
Flu Vaccine: 

No 14 (67) 15 (79) 0.488 
Yes 7 (33) 4 (21) 

BMI: Body Mass Index, SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure
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meet the inclusion/exclusion criteria: one
subject had abnormal laboratory results,
and another was listed as ineligible in
the database.

The remaining 40 healthy communi-
ty-dwelling adults (28 females, 12 males)
between the ages of 18 and 65 were
enrolled into the study. There were 12
early terminations: one subject withdrew
consent, and 11 subjects were lost to fol-
low-up. The remaining 28 subjects fin-
ished the study without protocol
deviations. One subject completed all
scheduled visits, but was excluded

because of inadequate compliance.
Subject baseline characteristics are dis-
played in Table 2. Subjects who quali-
fied based on their screening visit,
received $50 for the screening visit, and
$50 for completion of each study visit.
Total compensation was up to $300 per
subject.

Products Tested 
Forty subjects were randomly assigned
to WGP (Wellmune WGP® beta-glucan)
derived from Saccharomyces cerevisiae
(250 mg) or a sensory-identical placebo

Table 3. Symptomatic Respiratory Episodes
Intent-to-Treat Population Per-Protocol Population
WGP 3–6 Placebo p-value WGP 3–6 Placebo p-value
(n = 17) (n = 16) (n = 14) (n = 13)
Total (%) Total (%) Total (%) Total (%) Total (%)

Any Colds During the Study?
No 11 (65) 11 (69) 1.000 9 (64) 9 (69) 1.000 
Yes 6 (35) 5 (31) 5 (36) 4 (31)

Number of  0.41 ± 0.62 0.44 ± 0.73 0.948 0.43 ± 0.65 0.46 ± 0.78 0.953 
Colds 

Average 12.9 ± 12.4 7.5 ± 2.0 0.592 13.5 ± 13.8 7.5 ± 2.0 0.902 
Durationof a 
Cold 

Average Number 0.00 ± 0.00* 1.38 ± 1.25 0.026 0.00 ± 0.00* 1.38 ± 1.25 0.042 
of Missed Days 
of School or 
Work per Cold 

Number of 0.41 ± 0.62 0.44 ± 0.73 0.948 0.43 ± 0.65 0.46 ± 0.78 0.953 
SRI Episodes 

Number of 0.29 ± 0.59 0.38 ± 0.72 0.866 0.36 ± 0.63 0.46 ± 0.78 0.832 
Cold Episodes 

Number of 0.059 ± 0.243 0.000 ± 0.00 0.363 0.00 ± 0.00 0.00 ± 0.00 
Flu Episodes 

Number of 0.059 ± 0.243 0.000 ± 0.00 0.363 0.071 ± 0.0267 0.00 ± 0.00 0.374
Pharyngitis 
Episodes 

Number of 0.00 ± 0.00 0.063 ± 0.250 0.332 0.00 ± 0.00 0.00 ± 0.00
URI Episodes 

Total Duration  5.1 ± 9.9 3.0 ± 6.2 0.580 5.4 ± 10.7 3.7 ± 6.8 0.862 
ofSRI Episodes 

Total Missed 0.00 ± 0.00 0.50 ± 1.10 0.071 0.00 ± 0.00 0.62 ± 1.19 0.068 
Days of School 
or Work per 
Subject 
*p < 0.05
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containing rice flour. The intervention
subjects consumed two capsules
(total=500mg beta-glucan) once daily, 30
minutes before breakfast. The Intent-to-
Treat (ITT) population consisted of 33
subjects (17 in the WGP group, and 16
in the placebo group) and defined as
only those who received at least one
dose of investigational product and
returned for at least one visit after base-
line. The Per-Protocol (PP) population
consisted of 27 subjects (14 in the WGP
3–6 group, and 13 in the placebo group)
who completed all visits, and had 80%
compliance with the prescribed amount
of product.

Baseline
At Visit 1 (Screening), subjects provided
informed consent. Assessments at this
visit were demographic and anthropo-
morphic, physical examination, vital
signs, urine pregnancy test (females)
medical history, current medication his-
tory, Quality of Life via the SF36v-2
questionnaire, and standard blood panel
(CBC, kidney, and liver function).

Supplementation and Follow-up
At Visit 2 (Randomization, Day 0), sub-
jects who met the inclusion/exclusion
criteria were randomized and dispensed
a 4-week supply of study product or
placebo. Randomization was deter-
mined by atmospheric noise entropy
(www.Random.org). Block randomiza-
tion was utilized to insure uniform allo-
cation of WGP and placebo. At Visit 3
(Day 30), subjects returned for blood
draws, vital signs measurements, Quality
of Life via the SF36v-2 questionnaire,
interim medical history, compliance
assessment, and adverse events review.
Participants were then dispensed anoth-
er 4-week supply of study product or
placebo. These same procedures were
completed at Visit 4 (Day 60) and Visit 5
(Day 90).

All subjects were contacted by
phone at weeks 2, 6, and 10 to assess
compliance. In addition, subjects’ com-
pliance with the prescribed amount of
product was determined by the returned
pill-count method at the 30-, 60-, and 90-
day visits, and expressed as a fraction.

Table 4. Symptom Severity from Diary
Intent-to-Treat Population (ITT) Per-Protocol Population (PP)

WGP 3–6 Placebo p-value WGP 3–6 Placebo p-value
(n = 17) (n = 16) WGP 3–6 (n = 14) (n = 13)

Total Tiredness 6.9 ± 12.3 6.8 ± 13.2 0.611 6.4 ± 12.1 8.3 ± 14.3 0.954 
Total Stuffy Nose 8.8 ± 15.6 7.6 ± 15.1 0.642 7.3 ± 13.2 9.4 ± 16.4 1.000 
Total Runny Nose 8.1 ± 15.5 7.1 ± 12.9 0.580 6.4 ± 13.0 8.7 ± 13.9 0.954 
Total Scratchy/Sore 8.8 ± 18.9 7.1 ± 14.6 0.674 9.2 ± 20.4 8.8 ± 15.8 0.954 
Throat
Total Headache 3.1 ± 5.7 3.9 ± 7.6 0.963 3.4 ± 6.2 4.8 ± 8.2 0.810 
Total Muscle Ache 3.5 ± 6.5 2.8 ± 6.6 0.565 3.6 ± 6.9 3.4 ± 7.3 0.850 
Total Earache 1.12 ± 3.87 0.38 ± 1.50 0.357 1.2 ± 4.3 0.5 ± 1.7 0.625 
Total Fever 0.6 ± 2.4 1.6 ± 4.3 0.295 0.0 ± 0.0 2.0 ± 4.8 0.068 
Total Sneezing 6.1 ± 10.9 5.2 ± 10.1 0.658 4.9 ± 8.6 6.4 ± 10.9 0.977 
Total Hoarse Voice 8.2 ± 19.3 5.7 ± 12.0 1.000 8.3 ± 20.8 7.0 ± 13.1 0.659 
Total Cough Frequency 7.7 ± 15.7 6.3 ± 11.6 0.783 7.5 ± 16.3 7.7 ± 12.5 0.928 
Total Cough Intensity 6.8 ± 14.1 6.1 ± 11.3 0.872 6.9 ± 15.1 7.5 ± 12.2 0.928 
Total Phlegm / Mucous 8.1 ± 14.1 8.9 ± 17.9 0.740 7.7 ± 14.1 11.0 ± 19.4 0.954 
Total Sleeplessness 5.3 ± 9.7 4.6 ± 9.1 0.854 5.9 ± 10.5 5.6 ± 9.9 0.952 
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Subjects were instructed to page a
member of the study team as soon as
they felt symptoms of a respiratory ill-
ness. Subjects were examined by a qual-
ified member of the study team within
24 hours of the onset of any SRI. The
examination focused on SRI history,
physical examination, standardized diag-
nosis (Clinical Diagnostic Criteria),
baseline symptoms, and blood analysis.
These subjects were provided symptom
diaries, and instructed on their use. At 7
to 10 days following the SRI baseline
visit, subjects returned for the following
evaluations: SRI history, physical exami-
nation, collection of symptom diaries,
and blood analysis.

Adverse Events
Self-report adverse events (AEs) were
listed, Medical Dictionary for
Regulatory Activities (MedDRA)
encoded, grouped by general type of
event (e.g., gastrointestinal, neurological,
cardiac, or dermatologic), and cross-tab-
ulated by event type and product dosing
level. Potential differences in AE pat-
terns between products were tested by
the Fisher’s Exact test. Significance was
assigned at p <0.05.

Sample Size
There appears to be a dearth of infor-
mation on the prevention or treatment
of upper respiratory tract infections that
included 1-3,1-6 beta glucan. Limited
information on the use of dietary sup-
plements directed to cold/flu prevention
indicated that community-based trials
had sample sizes ranging from 126 to
668 subjects. The duration of these stud-
ies ranged from 30 days to several years.
Inoculation and severity trials tended to
have smaller sample sizes. Given the
lack of data to calculate an effect size,
the current investigation was undertak-
en as a pilot study intended to provide
critical data for future studies. Power
calculations based on the cold/flu litera-
ture supported a sample size of 40.

Statistical Analysis
The primary endpoint changes from
baseline values were analyzed using a
repeated measures analysis of variance
(ANOVA). Two approaches to the
analysis were performed. Analysis of
the primary efficacy endpoints were per-
formed in Intent-to-Treat (ITT) patients
as well as Per-Protocol (PP) patients.
The Intent-to-Treat analysis was consid-
ered primary. All data were transferred

Table 5. Adverse Events (MedDRA coded)
Number of Subjects

WGP 3–6 Placebo p-value
Ear and labyrinth disorders 0 1 1.000
Eye disorders 1 0 1.000
Gastrointestinal disorders 1 1 1.000
General disorders and administration site conditions 1 0 1.000
Infections and infestations 9 5 0.296
Injury, poisoning and procedural complications 0 2 0.485
Musculoskeletal and connective tissue disorders 1 0 1.000
Nervous system disorders 1 3 0.601
Psychiatric disorders 1 1 1.000
Respiratory, thoracic and mediastinal disorders 1 1 1.000
Surgical and medical procedures 1 0 1.000
All Events 11 9 0.728
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into the ‘R’ statistical system version
2.5.1 (R foundation for Statistical
Computing, Vienna, Austria,
http://www.R-project.org) for subse-
quent statistical analysis. Specially-cre-
ated R programs were used to generate
the descriptive tables and statistical
tests. For the Intent-to-Treat efficacy
analysis, missing efficacy endpoints were
imputed with the last available value
(last observation carried forward
(LOCF) imputation). All descriptive
data are expressed as mean ± SD.
Significance level was set at p < 0.05.

RESULTS
There were no significant differences
between the treatment and placebo
groups in the number of SRI episodes (6
vs. 5, WGP and placebo, respectively, p =
1.00), number of SRI’s per subject (0.41
WGP vs. 0.44 placebo, p = 0.948), or
number of subjects with SRI (Table 3).
There were no significant differences
between the groups in the duration of
SRI episodes, or in the total daily symp-
tom score of SRI’s for seven days after
the onset of symptoms. None of the
WGP subjects missed work or school
due to colds, while subjects in the place-
bo group with colds missed an average
of 1.38 days. This was statistically signif-

icant in both the ITT and PP popula-
tions (p = 0.026 and p = 0.042, respec-
tively).

SRI symptoms are shown in Table 4.
None of the WGP subjects presented a
fever, whereas the subjects in the control
group became febrile (2.0 ± 4.8) in the
PP group (p = 0.068). There was no sig-
nificant effect of WGP on fever in the
ITT analysis (0.6 ± 2.4 in WGP subjects
and 1.6 ± 4.3 in the placebo group; p =
0.295). There were no other apparent
trends or significant differences in any
other SRI symptom between the two
treatment groups (Table 4).

The WGP group exhibited a signifi-
cantly greater “General Health” summa-
ry score over the 90 days (58.7 ± 7.0 vs.
52.0 ± 14.6; p = 0.038) with a concomi-
tant significant comparative improve-
ment in the Physical Component
Summary (WGP: 57.5 ± 4.5; Placebo:
55.5 ± 3.5; p = 0.029). There were no
other significant differences between the
two groups for any other ‘quality of life’
measures from the SF-36v2 question-
naire.

Compliance and Side Effects
Overall compliance was nearly 90% in
the ITT population, and approximately
95% in the PP population. One subject

Table 5. Adverse Events (MedDRA coded)
Number of Subjects

WGP 3–6 Placebo p-value
Ear and labyrinth disorders 0 1 1.000
Eye disorders 1 0 1.000
Gastrointestinal disorders 1 1 1.000
General disorders and administration site conditions 1 0 1.000
Infections and infestations 9 5 0.296
Injury, poisoning and procedural complications 0 2 0.485
Musculoskeletal and connective tissue disorders 1 0 1.000
Nervous system disorders 1 3 0.601
Psychiatric disorders 1 1 1.000
Respiratory, thoracic and mediastinal disorders 1 1 1.000
Surgical and medical procedures 1 0 1.000
All Events 11 9 0.728
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who had completed all scheduled visits
was excluded from the PP population
because of inadequate compliance.

A total of 43 adverse events (AEs)
were reported by 20 subjects during this
study. Twenty-two events were recorded

Figure 1: Flow diagram for study participants.
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by 11 subjects in the WGP group, where-
as 21 events among 9 control subjects
were documented. All events were of
mild to moderate severity. All were
judged by the principal investigator to
be probably not related to each other or
as a consequence of the study product.
None of the events contributed the sub-
ject’s self-discontinuance or withdrawal
from the study. The number and types
of adverse events were distributed even-
ly between WGP and placebo groups.
There was no tendency for AEs to occur
more frequently in one study group vs
the other (p = 0.728). There were no
safety concerns in the study (Table 5).

DISCUSSION
This is the first clinical study to assess
the efficacy of Saccharomyces cerevisiae
derived beta-glucan on incidence, dura-
tion, and severity of SRI in a healthy,
adult, community-dwelling population.
Importantly, none of the subjects from
the WGP group missed work or school
during the 90-day study. In addition, the
WGP group’s physical component sum-
mary score improved more than the
placebo group, and the WGP group had
a significantly lower fever score.
However, there were no significant dif-
ferences between WGP and placebo on
SRI incidence.

Beta-glucan from other sources
appears to improve immune function in
a variety of animal models, without
increasing pro-inflammatory cytokines
or inducing a febrile response. 37,42,49,50

Other in vivo models indicate that oat-
derived beta-glucan, a linear molecule,
can prevent increased risk of URTI as a
result of stressful exercise in mice.44,45 It
appears that beta-glucan may be a pow-
erful immune stimulator, as evidenced
by its ability to activate macrophages
and  stimulate positive immune actions
on B lymphocytes, natural killer cells,
and suppressor T cells in the immune
system.51-53 Many in vitro studies have

shown that beta-glucan significantly
increases microbiocidal activity of
human neutrophils and macrophages
against a variety of pathogens without
directly stimulating synthesis of the
cytokines, IL-1 or TNF·. The exact path-
way through which beta-glucans interact
with the immune system is unknown.
One proposed mechanism is the activa-
tion of dectin-1 pattern recognition
receptor on blood peripheral mononu-
clear cells.54,55

Other dietary supplements are
reported to reduce upper respiratory
tract infection symptoms in humans.14

For example, zinc acetate treatment
(12.8 mg q3h 12d) reduced severity and
duration of cold symptoms.30 A highly
purified beta-glucan (0.1-1.0 mg/kg bw)
from Saccharomyces cerevisiae helped to
reduce post-surgical infections and
decrease intensive care unit stay
length.46-48 A more recent study report-
ed no change in self-reported upper res-
piratory tract infection symptoms or the
average number of sick days in
endurance athletes given a beta-glucan
supplement for 18 days.56 In this report,
beta-glucan was administered at 5.6
g/day in a 600 ml beverage containing
Gatorade® and Oatvantage®, a 54%
oat beta-glucan concentrate. Subjects
ingested the supplements in two 300 mL
doses each day before their first and last
meals on an empty stomach. Nieman et
al 56 also reported no changes in natu-
ral killer cell activity, polymorphonu-
clear respiratory burst activity,
phytohemagglutinin-stimulated lympho-
cyte proliferation, plasma interleukin 6
(IL-6), IL-10, IL-1 receptor agonist (IL-
1ra), and IL-8, and blood leukocyte IL-
10, IL-8, and IL-1ra mRNA expression.
This study is different from our current
study in several aspects. The study
reported here included both male and
female healthy community dwelling
adults, while Nieman et al 56 studied
male endurance athletes. The chemical
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composition of the beta-glucan and its
dosage differed between the two studies,
thus making direct comparisons difficult.
Soluble and insoluble beta-glucans may
stimulate the immune system differently
[53]. Higher doses of oat-derived beta-
glucan may also be required to see any
effects on SRI incidence such as those
reported in rodent studies [44,45].

The current pilot study reported
results from 27 participants who report-
ed 11 colds. The small sample size may
be insufficient to detect possible thera-
peutic or prophylactic effects of beta-
glucan from Saccharomyces cerevisiae.
Given the economic burden of the com-
mon cold, alternative approaches that
can lessen the financial impact on socie-
ty and health burden on individuals
should be investigated. Further research
in larger groups is needed to determine
if this type of beta-glucan, 1-3,1-6 linked
from Saccharomyces cerevisiae can mod-
ulate the immune system to reduce the
risk of developing seasonal cold and flu
illness in healthy people across the age
spectrum
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Probiotic Effects on Cold and Influenza-Like Symptom
Incidence and Duration in Children

WHAT’S KNOWN ON THIS SUBJECT: Selected strains of
probiotics have been tested for human health benefits in a variety
of disease conditions, but much less is known regarding

prophylactic benefits in healthy populations.

WHAT THIS STUDY ADDS: This study adds information
supporting the use of the probiotics tested for prophylaxis
against cold and influenza-like symptoms and compares the

efficacy of 1-strain and 2-strain preparations.

abstract
OBJECTIVE: Probiotic consumption effects on cold and influenza-like
symptom incidence and duration were evaluated in healthy children
during the winter season.

METHODS: In this double-blind, placebo-controlled study, 326 eligible
children (3–5 years of age) were assigned randomly to receive placebo
(N� 104), Lactobacillus acidophilus NCFM (N� 110), or L acidophilus
NCFM in combination with Bifidobacterium animalis subsp lactis Bi-07
(N� 112). Children were treated twice daily for 6 months.

RESULTS: Relative to the placebo group, single and combination pro-
biotics reduced fever incidence by 53.0% (P� .0085) and 72.7% (P�
.0009), coughing incidence by 41.4% (P� .027) and 62.1% (P� .005),
and rhinorrhea incidence by 28.2% (P � .68) and 58.8% (P � .03),
respectively. Fever, coughing, and rhinorrhea duration was decreased
significantly, relative to placebo, by 32% (single strain; P� .0023) and
48% (strain combination; P � .001). Antibiotic use incidence was re-
duced, relative to placebo, by 68.4% (single strain; P � .0002) and
84.2% (strain combination; P � .0001). Subjects receiving probiotic
products had significant reductions in days absent from group child
care, by 31.8% (single strain; P� .002) and 27.7% (strain combination;
P� .001), compared with subjects receiving placebo treatment.

CONCLUSION: Daily dietary probiotic supplementation for 6 months
was a safe effective way to reduce fever, rhinorrhea, and cough inci-
dence and duration and antibiotic prescription incidence, as well as
the number of missed school days attributable to illness, for children 3
to 5 years of age. Pediatrics 2009;124:e172–e179
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Probiotics are live microorganisms
that, when administered in adequate
amounts, confer health benefits to the
host.1 Globally, researchers have stud-
ied many possible benefits of probiotic
consumption, and these benefits have
extended beyond the epithelial sites
colonized.2 Many of the reported health
benefits are related to mitigating dis-
ease or treating disease symptoms,
such as shortening the duration of
rotavirus diarrhea,3 reducing irritable
bowel syndrome symptoms,4–6 and
treating atopic disease.7

As the multiple benefits of probiotics
are being realized, an important appli-
cation is in the area of preventing,
rather than treating, disease. Toward
this end, a limited number of studies
evaluating the efficacy of various pro-
biotics in health maintenance have
been performed. There might be a
small number of studies in part be-
cause these studies must be prospec-
tive, must involve relatively large num-
bers of individuals, and must have
extended clinical trial durations. Two
prospective probiotic studies using
healthy subjects in group child care
centers evaluated the contributions of
specific probiotic strains in health
maintenance.8,9 Results ranged from
modest and not statistically significant
effects on respiratory symptoms in
children 1 to 6 years of age8 to strain-
specific, significant reductions in fe-
ver, group child care absences, and
antibiotic prescriptions but no differ-
ences in respiratory symptoms in an
infant population.9

Probiotic studies often are conducted
with a single strain; however, combi-
nations of probiotic strains may be
additive or synergistic.10 We could not
find evidence of a published human
trial, in the English-language litera-
ture, addressing whether a combi-
nation of probiotics would perform
differently from a single strain con-
tained in the combination. The aim of

the present prospective, double-blind,
placebo-controlled study was to inves-
tigate whether the daily consumption
of Lactobacillus acidophilus NCFM or
a combination of L acidophilus NCFM
and Bifidobacterium animalis subsp
lactis Bi-07 would affect the inci-
dence and duration of fever, rhinor-
rhea, and cough and the incidence of
antibiotic prescriptions among oth-
erwise healthy children.

METHODS

Study Design

The study was conducted according to
the good clinical practice guidelines
for a prospective, randomized, double-
blind, placebo-controlled study, with
3 parallel arms. Subjects were as-
signed randomly to arms through a
permuted block-randomization pro-
cedure, with a specific block size, by
the clinical coordinator at the study
site. The study protocol was approved
by the ethics committee of Tongji Uni-
versity (Shanghai, China). Parents or
guardians of all participants pro-
vided written informed consent before
inclusion. The study location was a
group child care center in Jinhua City,
Zhejiang Province, People’s Republic of
China. The original study design calcu-
lated statistical power on the basis of
�250 children being retained in the
study.

Subjects

The study participants were healthy
children between 3 and 5 years of age,
without known preexisting diseases,
anatomic alterations, clinical symp-
toms of any contraindications to dairy
products (lactose intolerance or cow’s
milk allergy), indicators of inflamma-
tory disease, intestinal disease, Crohn
disease, colitis, celiac disease, chronic
cough resulting from recurring re-
spiratory distress-related diseases,
Hirschsprung disease, cystic fibrosis,
or any symptoms of constipation or

gastrointestinal functional distress
(chronic diarrhea). Children were ex-
cluded if they were currently taking
probiotic supplements in any form, in-
cluding food, and they were prohibited
from taking any food or supplement
products containing probiotics. At the
time of recruitment, parents and chil-
dren also were instructed not to prac-
tice any traditional Chinese medicine
for the duration of the study. To the
best of our knowledge, the eligible chil-
dren in the study did not receive any
influenza vaccinations.

Test Products

The test products were consumed
twice per day, 7 days/week, over a
6-month period from November 2005
to May 2006. Probiotic or placebo in-
gredients were provided as dry pow-
ders packaged into foil sachets. Ad-
ministration of the test product
occurred and was monitored by the
designated group child care center
representative on weekdays and oc-
curred under the supervision of a par-
ent, guardian, or designated family
member on weekends. At the time of
consumption, the contents of the sa-
chet (1 g) were added to 120 mL of
standard 1% fat milk, as provided by
the group child care center, and the
mixture was stirred and consumed
within 15 minutes. The placebo prod-
uct was composed entirely of sucrose
and was sensorially indistinguishable
from the active products, which had
sucrose as the diluent. The probiotic
product consisted either of L acidophi-
lus NCFM (ATCC 700396) at a concen-
tration of 5.0� 109 colony-forming units
(CFUs) per g, for a daily dose of 1.0 �
1010 CFUs, or a combination of 2
strains, each constituting 50% of the
total count, that is, L acidophilus NCFM
and B animalis subsp lactis Bi-07
(ATCC PTA-4802), for a daily dose of
1.0� 1010 CFUs. The dose was chosen
to represent a combination of likeli-
hood of clinical success and commer-
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cial practicality/affordability. All prod-
ucts were stored refrigerated at the
study site until the time of use. Prod-
ucts were evaluated for probiotic counts
over the shelf-life through pour-plating
onto MRS agar with 0.05% cysteine
and anaerobic incubation for 48 to 72
hours. No significant reduction in via-
ble counts was observed over the
shelf-life. In this article, the group that
received only L acidophilus NCFM is re-
ferred to as the L acidophilus group,
and the group that received the com-
bination of L acidophilus NCFM and
B animalis subsp lactis Bi-07 is re-
ferred to as the L acidophilus/B lactis
group. The combination probiotic prod-
uct from this study has been branded
under the name “HOWARU Protect.”

Sample Size and Power
Considerations

A total sample size of 326 children
was calculated for detection of a mini-
mal difference of 20% to 40% in the
incidence of influenza-like symptoms
(fever, rhinorrhea, and coughing) be-
tween the placebo group and either
probiotic group. By using simulations
based on logistic functions, the calcu-
lations also considered a difference of
15% to 20% between the 2 treatment
groups (2 strains versus 1 strain). The
significance level used was set at .05.
The attrition rate was assumed to be a
maximum of 20% loss to follow-up
monitoring, and this loss was as-
sumed to be random, relative to group
assignment.

Data Analyses

During the study, authorized represen-
tatives of the group child care center
(during the week) or the parents/
guardians of the subjects (on week-
ends) recorded episodes and duration
of illness by using a standardized
questionnaire. For home monitoring,
parents were supplied with diaries
and instructions according to the
study protocol, and they reported any

study symptoms to study personnel
when the children were back in school.
The frequency and duration of fever,
cough, and rhinorrhea were moni-
tored. In addition, the incidence and
duration of physicians’ visits, vomiting,
and diarrhea and the incidence of an-
tibiotic prescriptions were monitored.
An episode was defined as a continu-
ous display of symptoms, measured in
days (24 hours from the start of a
school day); symptoms displayed by a
child for part of a day were considered
to be experienced for the whole day.
Questionnaires were reviewed for ac-
curacy by medical personnel.

As a secondary outcome, absentee-
ism data were collected by using of-
ficial school attendance records. Ac-
tual dates of absence were matched
with any influenza-like symptoms,
other illnesses, or personal or un-
known reasons.

Statistical Analyses

Summary statistics with mean, me-
dian, and SD were generated for con-
tinuous variables (eg, duration of
symptoms and age), to summarize the
location and dispersion of the data.
Categorical variables (including inci-
dence of symptoms)were summarized
by using frequencies and proportions.
Data were analyzed on an intent-to-
treat basis. Analysis of variance tech-
niques were used to test the similarity
of mean values for duration of symp-
toms and age and weight distributions
among the 3 study groups. Gender dis-
tributions among the 3 study groups
were analyzed by using �2 tests. Fur-
ther multivariate regression analyses
and generalized linear modeling were
pursued by using duration of symp-
toms as an outcome to test differences
among study groups, with adjustment
for the age and weight of the children.
Odds ratios (ORs) for experiencing
fever, rhinorrhea, or cough in the pro-
biotic groups, relative to the placebo

group, were calculated. ORs were in-
corporated into the logit concept (log-
arithmic of the odds) to invoke logistic
regression analyses to adjust for age
and weight differences among the
study groups.

Summary absenteeism statistics strati-
fied according to study group were
analyzed initially by using analysis of
variance techniques. Comparisons of
1-strain and 2-strain groups with the
placebo group were conducted by us-
ing Dunnett’s tests for multiple com-
parisons. Additional analyses using
logistic regression also were per-
formed, with adjustment for age and
total days absent. Estimates of the in-
cidence of symptoms weremodeled by
using Poisson regression.

RESULTS

Evaluation of Baseline
Characteristics

Table 1 presents the distributions of
age, weight, and gender among the 3
study groups. The groups were bal-
anced with respect to gender. How-
ever, the L acidophilus group tended
to weigh more than the placebo and
L acidophilus/B lactis groups, with
mean weights being 18.0, 17.1, and
16.9 kg, respectively (P � .06). Fur-
thermore, children assigned to the
placebo group were on average
older than those assigned to the L aci-
dophilus group or the L acidophilus/
B lactis group, by�4 to 5 months (P�
.001). This finding necessitated ad-
justment for age in subsequent analy-
ses. No significant difference in the
distribution of subjects leaving the
study was observed (Fig 1). Twenty-
four subjects were excluded from the
study after originally being assessed
for eligibility, for reasons involving
compliance. With respect to losing
subjects during the study, there was
no clear pattern or significant dif-
ference between the groups regard-
ing those who withdrew because of
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illness. Fever and runny noses were
the 2 dominant reasons for withdraw-
al, again distributed evenly among the
study groups. There was no evidence
of significant variations in the distribu-
tions of personal reasons according to
study group.

General Distribution of Sick Days

When the occurrence of ever being ab-
sent was compared according to study

FIGURE 1
Diagram showing the flow of participants through each stage of the randomized trial. La/Bl, L acidophilus NCFM in combination with B animalis subsp lactis
Bi-07.

TABLE 1 Baseline Characteristics According to Study Group

Characteristic Study Group

Placebo Lactobacillus
acidophilus

L acidophilus/
Bifidobacterium

lactis

N, intent to treat 104 110 112
Age, y
Mean� SD 4.1� 0.54 3.7� 0.7 3.8� 0.6
Median 4.2 3.5 4.1
Weight, kg
Mean� SD 17.1� 2.30 18.0� 5.4 16.9� 2.0
Median 17 17 17
Male, n (%) 44 (42.3) 47 (42.0) 53 (48.2)
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group, overall there were 91 children
(28%) with�1 day absent. Among the
91 children, 51 belonged to the placebo
group (49% of the placebo group) and
20 each to the 1-strain and 2-strain
groups (18% of each of the probiotic
groups). Analyses of the difference
among the groups indicated a signifi-
cant difference (P� .02) between each
of the probiotic groups and the pla-
cebo group. Statistical significance
testing of group differences in total
days absent was performed by using
analysis of variance techniques, with
adjustment for multiple comparisons
with Dunnett’s method (Table 2). The
differences in total days absent be-
tween either the 1-strain group or the
2-strain group and the placebo group

were statistically significant (P� .01).
The differences in the total number of
days absent could be as small as .06 or
0.25 days but could be as great as 2.7
or 3.0 days.

Incidence of Influenza-Like
Episodes, With Adjustment for
Missed Group Child Care Days

The clinical effects of probiotic supple-
mentation on the incidence of fever,
rhinorrhea, coughing, or any symp-
toms and the use of antibiotics were
evaluated in pairwise comparisons
by using logistic regression analyses
(Tables 3 and 4). Subjects in the L aci-
dophilus group were found to have sig-
nificantly lower incidence (Table 3) and
odds (Table 4) of having fever and cough,

compared with subjects in the placebo
group. Subjects in the L acidophilus/
B lactis group were found to have sig-
nificantly lower odds, relative to the
placebo group, of having fever (OR:
0.34), cough (OR: 0.44), rhinorrhea
(OR: 0.52), or any of these symptoms
(OR: 0.55). Furthermore, the incidence
of antibiotic use among the probiotic-
consuming subjects was significantly
lower (P� .0001) than that in the pla-
cebo group.

Although the ORs for the L acidophilus/
B lactis group tended to be smaller
(lower risk of occurrence) than those
for the L acidophilus group, this
reached statistical significance only
when the presence of any symptom

TABLE 2 Multiple Comparison-Adjusted Differences in Total Numbers of Days Absent Among Study Groups

Lactobacillus acidophilus
vs Placebo

L acidophilus/Bifidobacterium
lactis vs Placebo

L acidophilus vs
L acidophilus/B lactis

No. of days absent, mean (95% confidence interval) �1.6 (�2.9678 to�0.2489) �1.4 (�2.7389 to�0.0569) �0.21 (�1.1502 to 1.5711)
P .01 .01

Dunnett’s method was used for the multiple-comparison adjustment.

TABLE 3 Six-Month Frequency and Proportion of Ever Experiencing Episode of Influenza-like Symptoms and Antibiotic Use During Intervention,
According to Study Group

Symptom/Prescription n (%) P

Placebo
(N� 104)

Lactobacillus
acidophilus
(N� 110)

L acidophilus/
Bifidobacterium

lactis
(N� 112)

Placebo vs
L acidophilus

Placebo vs
L acidophilus/
B lactis

L acidophilus vs
L acidophilus/
B lactis

Fever 66 (63.5) 31 (28.2) 18 (16.1) .0085 .0009 .32
Cough 87 (83.7) 51 (46.4) 33 (29.5) .027 .005 .44
Rhinorrhea 85 (81.7) 61 (55.5) 35 (31.3) .68 .03 .088
Antibiotics 57 (54.8) 18 (16.4) 9 (8.0) .0002 �.0001 .286

An episode was defined as a continuous display of symptomsmeasured in days (24 hours from the start of a school day). Symptom-free was defined as a continuous period free of symptoms
measured in days (24 hours from the start of a school day). Symptoms displayed by a child for part of a day were considered to be experienced for the whole day.

TABLE 4 Six-Month ORs Among Study Groups for Fever, Cough, Rhinorrhea, and Antibiotic Prescription, Adjusted for Age and Time Absent

Group Comparisons Fever Cough Rhinorrhea Any Symptom Antibiotics

Lactobacillus acidophilus vs placebo
OR (95% CI) 0.57 (0.44–0.90) 0.59 (0.39–0.96) 0.93 (0.57–1.49) 1.09 (0.52–2.9) 0.35 (0.15–0.55)
P .015 .028 .69 .86 .0001
Significant risk reduction, % 43 41 NA NA 65

L acidophilus/Bifidobacterium lactis vs placebo
OR (95% CI) 0.34 (0.22–0.63) 0.44 (0.28–0.78) 0.52 (0.34–0.97) 0.55 (0.28–0.99) 0.23 (0.1–0.45)
P .01 .005 .04 .045 �.0001
Significant risk reduction, % 66 56 48 45 77

L acidophilus/B lactis vs L acidophilus
OR (95% CI) 0.74 (0.38–1.33) 0.84 (0.46–1.40) 0.65 (0.34–1.11) 0.50 (0.26–0.98) 0.66 (0.29–1.49)
P .33 .47 .089 .04 .29
Significant risk reduction, % NA NA NA 50 NA

NA indicates not applicable; CI, confidence interval.
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was included, because of the higher
incidence of rhinorrhea. The incidences
of vomiting and diarrheawere low dur-
ing the study period, and these symp-
toms were distributed proportionally
across the study groups. In the whole
cohort, 6 children experienced vom-
iting and 24 experienced diarrhea.
These incidence rates were too low
to be influenced by either of the probi-
otic treatments. Visits to a physician
were not significantly different between
the 3 treatment groups, with the num-
bers of patients with �1 physician
visit being 25, 21, and 14 for the pla-
cebo, L acidophilus, and L acidophilus/
B lactis groups, respectively.

Symptom Duration

Fever, cough, and rhinorrhea symptom
duration (mean � SD) during the
6-month study period were 6.5 � 7.3
days for subjects in the placebo group,
4.5� 4.7 days for subjects in the L aci-
dophilus group, and 3.4 � 3.7 days
for subjects in the L acidophilus/
B lactis group (Table 5). To accommo-
date age discrepancies at base-
line (Table 1), symptom duration was
also compared for children of similar
ages, by modeling the cumulative du-
ration of symptoms as a function of
study group and age with linear re-
gression. After this correction, the pla-
cebo group had the longest symptom
duration, relative to the L acidophilus/
B lactis group (P � .001) and the
L acidophilus group (P � .0023) (Ta-
ble 5). The age-corrected difference
between the 2 probiotic groups indi-
cated a nonsignificantly shorter symp-
tom duration in the L acidophilus/
B lactis group, compared with the
L acidophilus group.

DISCUSSION

In the current study, 248 of 326 en-
rolled children completed a 6-month,
double-blind, placebo-controlled, inter-
vention trial. No notable adverse events
were attributed to study probiotic

strains. Probiotic supplementation
was found to reduce the incidence and
duration of fever, rhinorrhea, and
cough and the incidence of antibiotic
prescriptions, compared with the pla-
cebo group. Compared with the pla-
cebo group, the group treated with the
1-strain product exhibited reduced in-
cidence of fever and cough, whereas
the group treated with the 2-strain
combination exhibited reduced inci-
dence of fever, cough, rhinorrhea, and
any symptom. Both treatment groups
exhibited significantly reduced symp-
tom duration, compared with the pla-
cebo group. Furthermore, both probi-
otic groups demonstrated significantly
reduced antibiotic use, compared with
the placebo group.

Probiotics have been investigatedwidely
for health benefits in different disease
conditions.2–7,10,11 A limited number of
studies have shown that prophylactic
administration of probiotics can con-
tribute to reduced incidence or dura-
tion of illness in healthy subjects. One
of the first such studies investigated
the effects of Lactobacillus GG on chil-
dren’s health status in group child
care centers.8 However, no significant
differences could be observed after
correction for age. A study by Weizman
et al9 compared 2 different probiotics,
namely, Lactobacillus reuteri (ATCC
55730) and B animalis subsp lactis
Bb-12, independently among 4- to 10-

month-old infants and observed a
higher fever incidence in the placebo
group. Reduced antibiotic prescriptions
were noted in the L reuteri group. In
contrast to the current study, however,
no difference in respiratory symptom
incidence was observed in either pro-
biotic group.

A combination of 3 probiotic strains
(Lactobacillus gasseri PA 16/8, Bifido-
bacterium longum SP 07/3, and Bifido-
bacterium bifidum MF 20/5), along
with vitamin and mineral supplemen-
tation, was shown to reduce common
cold duration and severity12,13 but not
incidence in healthy adults. Probiotics
also were shown to reduce the inci-
dence of diarrhea in children.9,14 In the
current study, however, the incidence
of diarrhea was low and no such ef-
fect could be observed. Therefore, the
current study is the first to show that
probiotic (L acidophilus NCFM or a
combination of L acidophilus NCFM
with B animalis subsp lactis Bi-07) con-
sumption reduced both the incidence
and duration of fever, cough, and rhi-
norrhea symptoms in children. Al-
though the reduced incidence of anti-
biotic prescriptions for all indications
noted in an earlier study9 was con-
firmed, this study is the first to indicate
a trend toward more-significant re-
sults with a combination versus single-
strain preparation. Reducing the need
for antibiotic use early in life may have

TABLE 5 Symptom Duration According to Study Group During 6-Month Follow-up Period

Symptom Duration

Placebo Lactobacillus
acidophilus

L acidophilus/
Bifidobacterium

lactis

N 104 110 112
Mean� SD, d 6.5� 7.3 4.5� 4.7 3.4� 3.7
Reduction vs placebo, % NA 31.8 47.7
25th percentile, d 1 1 1
50th percentile, d 4 3 2
75th percentile, d 10 6 5

Cumulative duration of symptomswasmodeled by using linear regression as a function of study group and age. Differences
reflect the regression coefficients in such models accounting for the effects of age. Age-adjusted differences (mean� SD)
were as follows: L acidophilus/B lactis versus placebo,�3.2� 0.76 days (P� .001); L acidophilus versus placebo,�2.17�
0.71 days (P� .0023); L acidophilus/B lactis versus L acidophilus,�1.06� 0.81 (P� .195).
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important benefits (eg, reduced ad-
verse reactions, costs, and risk for an-
timicrobial resistance development).

Regarding the potential mechanisms
through which the reductions in respi-
ratory symptoms and antibiotic usage
could be explained, an immune-
enhancing effect is a likely explana-
tion, because numerous studies with
various probiotic bacteria have dem-
onstrated their ability to modulate im-
mune responses through interactions
with toll-like receptors.15–17 Winkler et
al18 showed that a probiotic combina-
tion combined with vitamins and min-
erals reduced the duration and sever-
ity of common cold symptoms and also
enhanced cellular immunity. Impor-
tantly, some of the rationale for choos-
ing the strains in this study was based
on a demonstrated ability to stimulate
dendritic cell regulatory functions.19

An additional aim of the current study
was to establish whether a 1-strain
probiotic treatment would perform
differently from a 2-strain treatment.

Although treatment with the 1-strain
preparation alone was effective, the
2-strain combination produced a
more-pronounced effect, especially
in the area of rhinorrhea. The mech-
anism for this synergism is not clear.
Perhaps the presence of bifidobac-
teria in the mouth decreases adher-
ence of certain respiratory viruses
to the epithelium. Because this study
did not evaluate mucosal coloniza-
tion or mechanisms, the mechanism
for the observed synergism remains
speculative.

The potential utility of documented
probiotics as a prophylactic therapy
against the onset of cold and influenza
symptoms may help alleviate the need
for medicinal symptom relief. This is
especially relevant in light of the re-
cent US Food and Drug Administration
Public Health Advisory regarding the
use of cough and cold medicines for
children�2 years of age20 and the US
Food and Drug Administration support
of the Consumer Healthcare Products
Association voluntary modification of

product labels to state “do not use” for
children�4 years of age.21 The impact
of probiotics in an acute response to
signs of illness was not evaluated in
this study.

CONCLUSIONS

Daily probiotic dietary supplementa-
tion during the winter months was a
safe effective way to reduce episodes
of fever, rhinorrhea, and cough, the
cumulative duration of those symp-
toms, the incidence of antibiotic pre-
scriptions, and the number of missed
school days attributable to illness.
L acidophilus NCFM alone was effec-
tive. There was, however, a trend for a
broader protective effect with the
combination of L acidophilus NCFM
and B lactis Bi-07.
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Reducing the risk of infection in the elderly by dietary intake of yoghurt

fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1
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(Received 19 November 2009 – Revised 11 March 2010 – Accepted 1 April 2010 – First published online 21 May 2010)

Immune senescence potentially leads to an increased risk of infections. It is desirable to augment the immune system and protect against infections

by daily consumption of immunostimulatory food. The present study evaluated whether the intake of yoghurt fermented with Lactobacillus

delbrueckii ssp. bulgaricus (L. bulgaricus) OLL1073R-1 has an effect on resistance to the common cold. We conducted two independent studies,

in which fifty-seven (median age 74·5 years) and eighty-five healthy elderly individuals (median age 67·7 years) were participants. In each study,

the subjects were divided into two groups based on age and sex and instructed to eat 90 g yoghurt or drink 100 ml milk once per d over an 8- or

12-week period. A meta-analysis of the results of these two independent studies showed the risk of catching the common cold was about 2·6 times

lower (OR 0·39; P¼0·019) in the yoghurt group than in the milk group and the increase of natural killer cell activity was significantly higher in the

yoghurt group than in the milk group (P¼0·028). In addition, the quality of life score for the ‘eye/nose/throat’ system after intake was significantly

higher in the yoghurt group than in the milk group and the improvement of the score was correlated with the promotion of natural killer cell

activity. In conclusion, consumption of yoghurt fermented with L. bulgaricus OLL1073R-1 augmented natural killer cell activity and reduced

the risk of catching the common cold in elderly individuals.

Infection: Elderly: Yoghurt: Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1

The proportion and absolute number of individuals above the
age of 65 years are steadily increasing in most countries,
particularly in industrialised nations. It is recognised that
elderly individuals suffer from not only common age-related
illness, including atherosclerosis, Alzheimer’s dementia,
diabetes mellitus and osteoporosis, but more frequent and
more severe infections than younger individuals. The reasons
for this include epidemiological elements, immunosenescence
and malnutrition, as well as a large number of age-associated
physiological and anatomical alterations(1). Human immune
function undergoes adverse changes with ageing. This
immune senescence potentially leads to an increased risk
of infections and certain cancers in the elderly(2,3). It has
also been reported that decreases in immune function in the
elderly will increase morbidity in the future(4).

Recently, there have been a number of reports on the health-
promoting effects of lactic acid bacteria as probiotics. Among
them, reports on their potential to affect the immune system
have been notable. In a human study, the consumption of
some probiotics was shown to enhance cell-mediated
immune responses in the elderly(5,6) and to augment the
natural killer cell activity of peripheral blood mononuclear
cells in healthy individuals with low levels of natural killer
cell activity(7).

Lactobacillus delbrueckii ssp. bulgaricus (L. bulgaricus)
OLL1073R-1, a polysaccharide-producing lactic acid bacterial
strain, has been confirmed by studies using mice to exhibit
more marked effects on the immune system than other lactic
acid bacteria. The cell body of L. bulgaricus OLL1073R-1
exerted host-mediated anti-tumour activity in mice(8). It has
also been reported that the polysaccharides produced by this
strain exhibit mitogenic activity(9), macrophage activation(10)

and interferon-g-inducing activity(11). Moreover, the enhance-
ment of natural killer cell activity in mouse spleen cells was
confirmed after the oral administration of these polysacchar-
ides or yoghurt fermented with this strain(11).

From these reports, the daily intake of yoghurt fermented
with L. bulgaricus OLL1073R-1 including its cell body and
immunostimulatory polysaccharides is considered to induce
the activation of biological defence mechanisms including
natural killer cells and to exhibit infection-preventing effects
against pathogens such as viruses.

The aim of the present study is to evaluate whether the
intake of yoghurt fermented with L. bulgaricus OLL1073R-1
improves the values of immune system parameters that con-
tribute to biological defence in the elderly and if it has a
preventive effect against respiratory tract infections, such as
the common cold and influenza virus infection.

*Corresponding author: Seiya Makino, fax þ81 465 37 3619, email seiya_makino@meiji-milk.com

Abbreviations: Con A, concanavalin A; cpm, counts per min; QOL, quality of life.
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Materials and methods

Subjects

We conducted two independent studies, the Funagata study
and the Arita study. Subjects were screened by clinical exam-
inations and structured interviews to ensure that they were in
good health. Inclusion criteria were: residents of Funagata or
Arita town who are in good health with no previous history
of relevant physical or psychiatric illness. Exclusion criteria
were: any recent history of virus infection, cancer, or immuno-
logical disorders and abnormalities in haematological or
biochemical serum parameters. Some chronic diseases that
are found often in the elderly such as diabetes, vascular
disease and muscle–bone diseases were not excluded.

In the Funagata study, the subjects were healthy residents of
Funagata Town, Yamagata Prefecture, Japan aged 40 years or
over who had undergone regular health screening in Funagata.
In the Arita study, the subjects were healthy residents of
Arita Town, Saga Prefecture, Japan aged 60 years or over.

Before their participation in these studies, written consent
was obtained from all subjects after the physician-in-charge
had explained the study to the group. In addition, these studies
received the approval of the Ethics Committee of the Division
of Research and Development of Meiji Dairies Corporation,
and it was performed in accordance with the Declaration
of Helsinki.

Diets

The test food was yoghurt prepared using two lactic acid
bacterial strains, i.e. L. bulgaricus OLL1073R-1 and Streptococ-
cus thermophilus OLS3059 (1073R-1 yoghurt). These strains
were originally isolated from traditional Bulgarian yoghurt.
The cell counts of L. bulgaricus OLL1073R-1 and S. thermo-
philus OLS3059 in the yoghurts were 2·0–3·5 £ 108 colony-
forming units/g and 6·3–8·8 £ 108 colony-forming units/g,
respectively. The extracellular polysaccharides in the yoghurts
represented 36·5–68·0 mg/kg, as measured by the phenol–
sulfuric acid method(12). Milk was used as a reference food.
Both the test and reference foods were delivered to the residence
of each subject once per week under refrigeration and stored
in a refrigerator until intake.

Study design

The studies followed a simultaneous comparative design to
compare the yoghurt and milk groups. The subjects were
instructed to eat 90 g yoghurt or drink 100 ml milk once per
d over an 8-week (Funagata study; 13 March 2005–7 May
2005) or 12-week period (Arita study; 14 November 2006–5
February 2007).

During the period of intake, the subjects were requested
to avoid the intake of yoghurt other than the test food and
taking drugs including antibiotics except for any medication
they were receiving for current diseases. The intake of other
health-promoting foods was not restricted, but if dairy
products or fermented milk products were ingested, the
subjects were requested to record the instances in monitor
notebooks that were distributed in advance. The subjects
were also instructed to check the symptoms that they had

using a ‘cold symptoms checklist’ if they noted symptoms
of the common cold.

Interviews and blood sampling were performed twice,
before the beginning and after the end of the intake period.
In the Arita study, in addition to an interview, we performed
a quality of life (QOL) survey. At the first interview, questions
associated with lifestyle and health status were asked to com-
pare the risks of infection in the milk and the yoghurt groups.
The questions covered the following items: degree of usual
physical activity, current diseases, frequency of smoking,
drinking alcohol, physical exercises, and self-awareness of
susceptibility to catching the common cold.

Cold symptoms checklist

All subjects were instructed to track any symptoms they had
on a ‘cold symptoms checklist’ if they noted symptoms
of the common cold. The common cold symptoms in this
checklist contained the following items: cough, sneezing,
stuffy nose, runny nose, sore throat, red throat, swollen
throat, headache, temperature, ache, painful articulations, fati-
gue, loss of appetite. These symptoms are associated with the
common cold and influenza virus infection. Finally, after
checking this cold-symptoms checklist and their body
temperature records, a medical doctor confirmed whether
each subject had caught a common cold during the study.
The occurrence of influenza virus infection was confirmed
by checking whether the subject had received hospital treat-
ment for influenza virus infection during the study.

Diary (monitor notebook)

Monitor notebooks were distributed to all subjects in advance
for them to record the following items daily during the study:
(a) body temperature on awakening; (b) whether the test or
reference food was taken; (c) if yoghurt or fermented dairy
products other than the test food were eaten, the product
names and amount consumed (in g); (d) changes in physical
condition, etc. These monitor notebooks were used for judging
discontinuation of the study protocol and exclusion from the
data analysis. A frequency of intake of the test or reference
food, one serving of which was intended to be taken daily at
an appropriate time, ,80 % was deemed insufficient. Those
who ate yoghurt other than the test food with the test or
reference food and these who developed a disease and took
drugs including antibiotics under the instruction of a physician
during the study were excluded from analyses.

Interviews and quality of life survey questionnaires

Interviews were performed concerning general physical
condition, particularly the occurrence of the common cold
and influenza virus infection.

A QOL survey was performed using a forty-six-item
questionnaire during an interview concerning the physical
and mental condition of the subjects before the beginning
and after the end of the intake period (Table 1). The four
choices concerning each item were scored as follows: 4, no
symptoms; 3, unusual; 2, occasional; 1, frequent. According
to the topics of the questions, the forty-six items were
grouped into eight organ categories, i.e. respiration, skin,
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mental condition, eye/nose/throat/, kidney, digestive system,
musculoskeletal system, and others (Table 1). After the end of
intake, a survey concerning the occurrence of the common
cold and influenza during the intake period was performed.

Blood sampling and immune measurement

Tests of immune function (natural killer cell activity and
lymphocyte blastoid transformation by concanavalin A (Con A))
were performed before the beginning and after the end of
the intake period by sampling about 30 ml blood each time.
The subjects fasted (drinking of water was permitted) after
10.00 hours on the day before blood sampling, and blood
was sampled on the morning of the sampling day. These
blood tests were performed by Mitsubishi Chemical Corp.
(Funagata study) or SRL Inc. (Arita study).

Natural killer cell activity was assessed by specific target
lysis against 51Cr-labelled K562 cells at an effector:target
ratio of 20:1 (Funagata study) or 50:1 (Arita study). Peripheral
blood mononuclear cells were separated as target cells by
density gradient centrifugation and washed twice in PBS.
The cells were incubated with 51Cr-labelled K562 cells for
3·5 h (Funagata study) or 4 h (Arita study). Then, the super-
natant fraction was harvested, and the counts per min (cpm)
were counted in a gamma counter. Lytic activity was
expressed as percentage cytotoxicity as calculated by the
following formula:

Percentage cytotoxicity

¼ ððexperiment cpmÞ2 ðminimum cpmÞÞ=

ððmaximum cpmÞ2 ðminimum cpmÞÞ £ 100:

T lymphocyte blastoid transformation was evaluated by their
[3H]thymidine uptake after Con A stimulation. Peripheral
blood mononuclear cells were separated by density gradient

centrifugation and washed twice in PBS. The cells were
then adjusted to a concentration of 5 £ 105 cells/ml in Roswell
Park Memorial Institute (RPMI) 1640 medium with 10 % fetal
bovine serum and then stimulated with Con A. After being
cultured for 65·5 h (Funagata study) or 64 h (Arita study) at
378C in 5 % CO2, [3H]thymidine was added to each well,
and then the cells were cultured for a further 8 h at 378C in
5 % CO2. The contents of the wells were harvested onto a
glass filter using a cell harvester. [3H]thymidine uptake was
measured using a liquid scintillation counter.

Adverse events

Concerning severe adverse events that occurred during the
period of intake of yoghurt or milk, the symptoms, severity,
date of appearance, test or reference food intake, treatments,
and outcomes were recorded, and their relationships with the
test food were evaluated.

Statistical analyses

The characteristics of the subjects (sex, age, lifestyle, state of
health, immune function and QOL) were compared between
the yoghurt and milk groups. Categorical variables such as
sex, lifestyle and state of health were compared between the
two groups using the x2 test. Age, the results of laboratory
examinations, immune functions before the beginning of
intake (baseline) and total QOL score were compared between
the two groups using the Student’s t test and Mann–Whitney
U test.

Concerning natural killer cell activity, the baseline values
were categorised into low (lower than the lower limit of the
normal range), normal (within the normal range) and high
(higher than the upper limit of the normal range) according
to the standard values of Mitsubishi Chemical Corp. (Funagata
study) or SRL Inc. (Arita study). These ranges had been
defined by Mitsubishi Chemical Corp. or SRL Inc. as the
range covering 95 % of the natural killer cell activity of
healthy individuals. Changes in the values between before
and after intake in the low-, normal- and high-value groups
were analysed using the Student’s paired t test in both the
milk and yoghurt groups. Meta-analysis was also performed
by integrating the results of these two independent cohort
studies using the general variance-based method for mean
differences on the same scale(13,14).

Concerning QOL scores, the total score of the forty-six
items, the scores for each of the forty-six items, and the
total scores for each of the eight categories were compared
between before and after intake within each group and
between groups after intake. Comparisons within each
group were performed using Wilcoxon’s signed-rank test.
Comparisons between the groups were performed using the
Mann–Whitney U test.

The occurrence of the common cold and influenza during
the intake period was compared between groups using Fisher’s
exact test. Meta-analysis was also performed by integrating
the results of these two independent cohort studies using the
Mantel–Haenszel method(13,14).

Concerning the level of the promotion of immune functions,
the percentage changes in the values of each item relative
to their baseline values were divided into four quartiles, and

Table 1. Quality of life questionnaire items asked in the Arita study

Organ categories Items

Respiration Shortness of breath, phlegm or coughing
Skin Rash, dry skin, skin itching
Mental condition Lack of general motivation, irritation, stress,

depression, sleeplessness, waking at night,
waking early in morning, failure of memory,
sluggish feeling, awareness of health

Eye/nose/throat Dim eyes, eye fatigue, eye itching, dark
circles under eyes, runny nose or nasal
congestion, sore throat, thirstiness

Kidney Fatigued feeling in morning, leg swelling,
waking for urination more than twice
a night, urination at night, easily fatigued,
unrelieved feeling after urination

Digestive system Poor appetite, bloated feeling or stomach
ache, diarrhoea, tasteless feeling,
constipation, haemorrhoids

Musculoskeletal
system

Stiff neck or back pain, arthralgia,
muscular pain, numbed hands or feet

Others Headache, palpitations, instantaneous
orthostatic hypotension, buzzing in the
ears, hands and feet get cold easily,
sweating heavily, flushed feeling,
swelling or bleeding at gingivae, chapped lips
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the values in the first quartile were regarded as decreases,
those in the second and third quartiles as no change,
and those in the fourth quartile as increases. Changes in
QOL were categorised as ‘improved’ when the percentage
changes in the total score of the forty-six items and total
scores for each of the seven categories after intake relative
to those before intake were $ 10 %, as ‘no change’ when
they were 210 to 10 %, and as ‘declined’ when they were
#210 %. The correlation between the improvements in
immune functions and QOL was analysed using Spearman’s
rank correlation coefficient.

Statistical analyses were performed using the statistical
software package SPSS14.0J (SPSS Inc., Chicago, IL,

USA, 2005). Two-tailed tests were performed at a significance
level of 5 %.

Results

Characteristics of subjects

In the Funagata study, sixty subjects were selected and divided
randomly into two groups of thirty subjects that were
comparable in age and sex. As three dropped out during the
study, the number of subjects at the end of the study was
fifty-seven (median age 74·5 (range 69–80) years), of whom
twenty-eight were in the milk group, and twenty-nine were
in the yoghurt group.

In the Arita study, 112 subjects were selected. Since
seventeen subjects were selectively assigned to the milk or
yoghurt group, ninety-five subjects were randomised to the
two groups without unevenness in age, sex, or yoghurt
intake habit, resulting in the assignment of forty-six to the
milk group and forty-nine to the yoghurt group. Since nine
subjects were absent due to personal reasons on the first day
of the study, the number of subjects who participated in the
study decreased to 103 and randomised subjects were
eighty-seven (forty-three in the milk group and forty-four in
the yoghurt group). As two individuals dropped out during
the study, the number of subjects at the end of the study
was 101, of whom eighty-five were randomised subjects
(median age 67·7 (range 59–84) years), forty-two were in
the milk group, and forty-three were in the yoghurt group.

The compliance rate was 80 % or higher in all subjects, with
no significant difference between the two groups. Nobody ate

O
R

Funagata + Arita
(yoghurt group)

Control
(milk group)

Arita study
(yoghurt group)

Funagata study
(yoghurt group)

1·00

0·29

0·44 0·39
*

1·0

0·8

0·6

0·4

0·2

0

Fig. 1. Risk of catching the common cold in the milk and yoghurt (fermented

with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1) groups in two

independent studies. A meta-analysis was performed by integrating the

results of these two independent studies using the Mantel–Haenszel

method. * P,0·05.
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Fig. 2. Lymphocyte blastoid transformation in the milk (n 28) (a) and yoghurt (fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1) (n 29)

(b) groups and changes in the values between before and after intake (c) in the Funagata study. Values are means, with standard deviations represented by

vertical bars. *** Mean value was significantly different from that before the intervention (P,0·001). † Mean value was significantly different from that of the

milk group (P,0·05).
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yoghurt other than the test food with the test or reference food
or developed a disease requiring drugs including antibiotics
except for those who caught the common cold or were
infected with the influenza virus during the study.

The characteristics of the randomised subjects were
compared between the test and reference food groups with
regard to sex, age, lifestyle, health status including current
diseases, immune functions such as natural killer cell activity
and QOL. No significant difference was noted between the
two groups in either study (data not shown).

Occurrence of common colds and influenza

A questionnaire was performed to examine the susceptibility
of the subjects to infections in daily life. In the Funagata
study, the common cold or influenza virus infections were
observed in three subjects in the yoghurt group and eight
subjects in the milk group. The risk of catching the common
cold or influenza virus infection was about 3·4 times lower in
the yoghurt group (OR 0·29; P¼0·103) than in the milk group.

In the Arita study, no influenza virus infection was noted in
either group. The common cold was observed in seventeen
subjects in the yoghurt group and twenty-five subjects in the
milk group. The risk of catching the common cold was
about 2·3 times lower in the yoghurt group (OR 0·44;
P¼0·084) than in the milk group.

We performed meta-analysis by integrating the results of
these two studies. The results of meta-analysis showed
that the risk of catching the common cold or influenza virus
infection was about 2·6 times (significantly) lower in the

entire yoghurt group (OR 0·39; P¼0·019) than in the milk
group (Fig. 1).

Effects on immune parameters

In the Funagata study, the value of lymphocyte blastoid
transformation induced by Con A increased significantly
after intake in the yoghurt and milk groups, and this increase
was significantly greater in the yoghurt group than in the milk
group (Fig. 2). Natural killer cell activity also increased in the
yoghurt group, but these increases were not significant
(Fig. 3(b)). So, we analysed natural killer cell activity by
classifying the subjects into normal-, low- and high-activity
subject groups according to their natural killer cell activity
at the beginning of intake because low natural killer cell
activity has been shown to be associated with the development
of infections in healthy elderly subjects(15) and it has been
reported that natural killer cell activity in subjects who have
relatively low natural killer activity is enhanced by the
intake of a probiotic strain(7). As a result, in the yoghurt
group, the natural killer cell activity in the low-activity subject
group increased significantly after intake until it was within
the normal range (Fig. 3(d)). On the other hand, the natural
killer cell activity in the normal-activity subject group was
not affected as much and remained within the normal range
after intake (Fig. 3(d)). The natural killer cell activity of
the subjects in the high-activity group returned to within the
normal range after intake (Fig. 3(d)). In the milk group,
the natural killer activity showed similar changes to those in
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Fig. 3. Natural killer cell activity in the milk (n 28) (a, c) and yoghurt (fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1) (n 29) (b, d) groups in the

Funagata study. The subjects were categorised into low-activity (milk group, K, n 10; yoghurt group, O, n 9), normal-activity (milk group, W, n 17; yoghurt group, X,

n 19) and high-activity (milk group, S, n 1; yoghurt group, V, n 1) groups according to their natural killer cell activity before intake (c, d). Dashed lines represent

the range of normal activity that has been defined by Mitsubishi Chemical Corp. as the range covering 95 % of the natural killer cell activity of healthy individuals.

Values are means, with standard deviations represented by vertical bars. * Mean value was significantly different from that before the intervention (P,0·05).
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the yoghurt group, but no significant increase was detected
after intake in any subject group (Fig. 3(c)).

In the Arita study, lymphocyte blastoid transformation by
Con A (Fig. 4) and natural killer cell activity (Fig. 5(a) and
(b)) significantly increased after intake in both groups, but
these increases were not significantly different between
the groups. The natural killer cell activity in the low-activity
subject groups increased after intake, and the value was
within the normal range in both groups as in the Funagata
study (Fig. 5(c) and (d)). The increase in the yoghurt group
was significant, but in the milk group there were only two sub-
jects in the low-activity subject group. In the normal-activity
subjects, it also increased significantly in both groups but
stayed within the normal range (Fig. 5(c) and (d)). On the

other hand, in the high-activity subjects, no marked changes
were observed in either group, and the values remained
within the high range (Fig. 5(c) and (d)).

We performed a meta-analysis by integrating the results of
these two studies. The results of the meta-analysis showed that
the increase in natural killer cell activity was significantly
higher in the yoghurt group compared with the milk group
(P¼0·028).

Effects on quality of life in the Arita study

After intake, when compared with the values before the intake,
the total score of the forty-six items increased significantly in
both groups, and the scores of ten items showed significant
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Fig. 4. Lymphocyte blastoid transformation in the milk (n 42) (a) and yoghurt (fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1) (n 43)

(b) groups in the Arita study. Values are means, with standard deviations represented by vertical bars. Mean value was significantly different from that before the

intervention: ** P,0·01, *** P,0·001.
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Fig. 5. Natural killer cell activity in the milk (n 42) (a, c) and yoghurt (fermented with Lactobacillus delbrueckii ssp. bulgaricus OLL1073R-1) (n 43) (b, d) groups in

the Arita study. The subjects were categorised into low-activity (milk group, K, n 2; yoghurt group, O, n 6), normal-activity (milk group, W, n 23; yoghurt group, X,

n 28) and high-activity (milk group, S, n 17; yoghurt group, V, n 9) groups according to their natural killer cell activity before intake (c, d). Dashed lines represent

the range of normal activity that has been defined by SRL Inc. as the range covering 95 % of the natural killer cell activity of healthy individuals. Values are

means, with standard deviations represented by vertical bars. Mean value was significantly different from that before the intervention: * P,0·05, *** P,0·001.
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increases in the yoghurt or milk groups (Table 2). In the
yoghurt group, significant improvements were detected after
intake in the scores for ‘lacks general motivation’, ‘irritation’,
‘stress’, ‘waking at night’, ‘failure of memory’, ‘easily
fatigued’ and ‘leg swelling’. The scores for ‘irritation’, ‘failure
of memory’ and ‘easily fatigued’ also increased significantly
in the milk group. In addition, in the milk group only, the
scores for ‘waking early in morning’, ‘sluggish feeling’ and
‘urination at night’ increased significantly.

According to the topics of the questions, the forty-six items
were grouped into organ categories and others, i.e. respiration,
skin, mental condition, eye/nose/throat, kidney, digestive
system, musculoskeletal system, and others (Table 1). In both
groups, the ‘mental condition’ and ‘kidney’ organ category
scores increased significantly after intake. Concerning the
‘skin’ organ category scores, a significant increase was
detected in the milk group only (Table 3).

Moreover, the score for ‘eye/nose/throat’ after intake was
significantly higher in the yoghurt group than in the milk
group (P¼0·030) (Table 3). No significant difference was
observed in the other categories.

Correlation analysis

We analysed the correlations between the immune function
parameters and QOL scores. As a result, the promotion of
natural killer cell activity was found to be correlated with
the total score for the forty-six items (r 0·203; P¼0·066).
Moreover, a significant positive correlation was noted between
the promotion of natural killer cell activity and the total score
for ‘eye/nose/throat’ (r 0·255; P¼0·018).

Safety

In these studies, no adverse event that related to the intake
of the test or reference food was noted.

Discussion

In the present study, the intake of yoghurt fermented with
L. bulgaricus OLL1073R-1 (1073R-1 yoghurt) was found to
significantly reduce the risk of catching the common cold in
the elderly compared with reducing the risk with the intake

Table 2. Quality of life (QOL) scores before the beginning and after the end of milk or yoghurt (fermented with Lactobacillus
delbrueckii ssp. bulgaricus OLL1073R-1) intake in the Arita study*

(Mean values and standard deviations)

Milk group (n 42) 1073R-1 yoghurt group (n 43)

Before After Before After

Items Mean SD Mean SD P† Mean SD Mean SD P†

Lacks general motivation 3·7 0·6 3·7 0·7 0·745 3·4 0·9 3·8 0·6 0·006
Irritation 3·5 0·7 3·8 0·5 0·013 3·2 0·8 3·6 0·8 0·007
Stress 3·4 0·8 3·5 0·8 0·672 3·2 0·9 3·6 0·8 0·038
Waking at night 2·8 1·1 3·0 1·1 0·257 2·8 0·9 3·2 1·1 0·034
Waking early in morning 3·1 1·0 3·5 0·8 0·022 3·3 0·9 3·5 0·9 0·139
Failure of memory 2·8 0·9 3·5 0·7 0·001 3·2 0·9 3·5 0·8 0·007
Sluggish feeling 3·5 0·7 3·8 0·6 0·049 3·6 0·7 3·7 0·6 0·123
Easily fatigued 3·1 1·0 3·6 0·7 0·002 3·3 0·9 3·7 0·6 0·005
Leg swelling 3·6 0·8 3·8 0·6 0·132 3·6 0·9 3·7 0·6 0·033
Urination at night 3·1 1·2 3·5 1·0 0·009 2·9 1·2 3·2 1·2 0·079
Total score 159·9 12·7 164·7 11·6 0·002 160·7 15·8 166·6 12·6 0·002

* The four choices concerning each item were scored 4, 3, 2 and 1 in decreasing value in relation to QOL.
† Statistical differences were evaluated using Wilcoxon’s signed-rank test.

Table 3. Organ category scores before the beginning and after the end of milk or yoghurt (fermented with Lactobacillus delbrueckii ssp.
bulgaricus OLL1073R-1) intake in the Arita study*

(Mean values and standard deviations)

Milk group (n 42) 1073R-1 yoghurt group (n 43)

Before After Before After

Organ categories Mean SD Mean SD P† Mean SD Mean SD P† P‡

Respiration 7·3 0·9 7·5 0·8 0·316 7·3 1·2 7·5 0·9 0·206 0·553
Skin 10·3 1·8 10·9 1·7 0·021 10·9 1·4 11·1 1·5 0·405 0·465
Mental condition 33·0 4·0 35·1 3·7 0·001 32·8 5·0 35·6 4·1 ,0·001 0·340
Eye/nose/throat 23·6 3·5 23·8 3·0 0·671 24·9 2·4 25·2 2·6 0·438 0·030
Kidney 17·1 2·4 18·4 2·2 ,0·001 16·9 2·8 18·1 2·1 0·002 0·438
Digestive system 22·3 1·9 22·4 1·9 0·913 22·6 1·8 22·9 1·5 0·141 0·210
Musculoskeletal system 13·0 2·4 13·5 2·1 0·082 12·7 3·1 13·3 2·4 0·369 0·781

* The four choices concerning each item were scored 4, 3, 2 and 1 in decreasing value in relation to quality of life.
† Statistical differences were evaluated using Wilcoxon’s signed-rank test.
‡ Scores after intake were compared between the groups. Statistical differences were evaluated using the Mann–Whitney U test.
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of milk. It is generally accepted that yoghurt and milk are
beneficial foods for maintaining our health and some studies
have demonstrated that the consumption of yoghurt may
enhance the immune response, particularly in immunocompro-
mised populations, such as the elderly(16). Recently, immuno-
stimulatory effects of probiotics were also evaluated eagerly
and some of the probiotic strains were shown to be effective
in infections in randomised double-blind controlled
trials(17 – 19). In the elderly, L. johnsonii and L. casei were
shown to reduce the duration of infections including of the
airway and gastrointestinal tract(17,18). The intake of a tablet
containing L. gasseri, Bifidobacterium longum and B. bifidum
was reported to shorten common cold episodes and reduce the
severity of symptoms(19). However, these studies concluded
that the probiotics could reduce the duration of the infections
but not the occurrence. Concerning yoghurt, Van de Water
et al. demonstrated the role of yoghurt in the modulation of
the immune system in a randomised controlled trial. Of their
subjects, those who consumed 200 g yoghurt once per d for
a year, as compared with either the same product heat-treated
after fermentation or the exclusion of yoghurt products from
the diet during the length of the study, showed a significant
decrease in allergic symptoms but there were a large
number of respiratory infections in all groups during the
severe respiratory season(20). Therefore, this is the first
report that proves that the intake of yoghurt can reduce the
risk of respiratory infections.

We previously showed that 1073R-1 yoghurt and its
polysaccharides increased natural killer cell activity in
experiments using mice(11). Natural killer cells are believed
to provide a substantial defence against viral infection(21,22),
and low natural killer cell activity was shown to be associated
with the development of infections, for example, the common
cold, acute bronchitis, pneumonia, and death due to infection
in healthy elderly subjects(15). Therefore, we believe that the
effect of 1073R-1 yoghurt is mainly dependent on the immu-
nostimulatory polysaccharides produced from L. bulgaricus
OLL1073R-1. However, the cell body of L. bulgaricus
OLL1073R-1 may also contribute to the effect of this yoghurt
because the cell body has been reported to exert host-mediated
anti-tumour activity in mice(8) and some probiotics have
been shown to enhance natural killer cell activity in elderly
individuals(5,23,24).

With regard to natural killer cell activity, in the present
study, we found a significant positive correlation between
the promotion of natural killer cell activity and the total
score for the ‘eye/nose/throat’ system, and these two par-
ameters after intake were significantly higher in the 1073R-1
yoghurt group than in the milk group. As the higher scores
for QOL in the present study indicate a much better than
average QOL condition, 1073R-1 yoghurt was suggested to
improve the QOL of the elderly by augmenting natural
killer cell activity. However, the symptoms included in the
QOL items are supposed to be affected by various factors
other than immune functions. Further investigations will be
needed to show the relationship between the promotion of
natural killer cell activity and the improvement of the QOL.

In the milk group, T lymphocyte proliferation and
natural killer cell activity also increased after the intake
period. These changes were not considered to be basal
changes caused by seasonal alterations because the two

independent studies were conducted during different seasons
(Funagata study, 13 March 2005–7 May 2005; Arita study,
14 November 2006–5 February 2007). Therefore, we believe
that milk also exerts some immunostimulatory effects by
supplying important nutrients. It is generally accepted that
nutrition is an important determinant of immune function(25).
Cows’ milk contains proteins, Ca and an abundance of
vitamin B12. In particular, vitamin B12 has been reported to
augment the natural killer cell activity of patients with vitamin
B12-deficiency anaemia and to enhance the T cell proliferative
response to Con A(26,27). In addition, recently, a relationship
between vitamin B12 status and the risk of cognitive impair-
ment and dementia has been noted(28 – 30). It is very interesting
that the QOL score for ‘failure of memory’ increased signi-
ficantly after the intake in the both of 1073R-1 yoghurt and
milk in the present study. Furthermore, tryptophan contained
in milk proteins may also have contributed to increasing
the immune system parameters in the elderly. Tryptophan is
the precursor of melatonin which has been demonstrated to
enhance immune functions in many animal species including
human subjects(31,32). In addition, the melatonin concentration
in the blood exhibits a clear circadian rhythm, and its
level falls gradually with age. In many individuals beyond
65 years of age, a day–night rhythm is almost absent(33)

and chronic sleep disturbances caused by these changes
may be associated with mental health problems including
QOL(34). Therefore, the improvement in the ‘mental
condition’-associated scores in both the 1073R-1 yoghurt
and milk groups may be dependent on the tryptophan
supplementation from milk proteins.

In the 21st century, we will face a rapidly ageing society,
and, as seen from the calls for improved QOL rather than
simple longevity, there is now a strong desire to achieve long-
evity with both health and true wellbeing. In addition, age-
related immune changes put older adults at much greater
risk of impairment and death from infection, such as from
influenza viruses or pneumonia(35,36). In recent years, numer-
ous studies have been published on the health-promoting
effects of yoghurt and the bacterial cultures used in the pro-
duction of yoghurt. Some studies using yoghurt, individual
lactic acid bacteria species, or both showed promising health
benefits for certain gastrointestinal conditions, including
lactose intolerance, constipation, diarrhoeal diseases, colon
cancer, inflammatory bowel disease, Helicobacter pylori infec-
tion and allergies(37). In the present study, we have shown that
the intake of the yoghurt fermented with L. bulgaricus
OLL1073R-1 augmented natural killer cell activity and reduce
the risk of respiratory infections. We believe that yoghurt
fermented with L. bulgaricus OLL1073R-1 may be a new
beneficial food for the elderly.
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Background: Probiotics are currently under focus for their immune improvement function. Many studies have been 

performed to assess the potential efficacy of probiotics in allergic disease, viral disease, respiratory disease, as well 

as gastrointestinal disease. This study performed a systematic review to determine the effects of probiotics on the 

prevention of the common cold.

Methods: We searched MEDLINE (PubMed), EMBASE, CINAHL, and Cochrane CENTRAL for studies released through 

June 2011. Two authors independently extracted the data. To assess the risk of bias of included literatures, Cochrane 

Collaboration’s risk of bias tool was used.

Results: We identified 10 studies in 7 articles. A total 2,894 participants, 1,588 in the probiotics group and 1,306 in the 

control group, were included. The effect of probiotics on the prevention of the common cold had a relative risk (RR) of 0.92 

(95% CI, 0.85 to 1.00, I2 = 26%). In the subgroup analysis, the RR of administration of probiotics for 3 months or less was 

0.82 (95% CI, 0.70 to 0.97). The RR of administration of probiotics over 3 months was 1.00 (95% CI, 0.92 to 1.09). The RR of 

administration of probiotics without any active intervention (vitamin and mineral) was 0.87 (95% CI, 0.78 to 0.97).

Conclusion: In this meta-analysis, there was marginal effect of probiotics on the prevention of the common cold. The 

results implied that probiotics had a modest effect in common cold reduction. The balance of benefit and harms needs to 

be considered when using probiotics for common cold prevention.
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INTRODUCTION

The common cold is an upper respiratory tract infection and 

is one of the most common diseases occurring in all ages. Since 

the common cold cannot be cured, the best thing to do is to avoid 

catching the virus that causes the common cold. There have been 

many randomized controlled studies investigating whether taking 

vitamin C, garlic, or echinacea has an effect on preventing colds. 

According to a systematic review, there was no significant effect 

from these supplements in most cases.1-3)
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Probiotics can be defined as “living microorganisms that confer 

a health benefit when consumed in adequate amount.”4) Probiotics 

are used as dietary supplements or remedies for a variety of 

gastrointestinal disorders. Recently, it was discovered that 

probiotics may improve immune function. For this reason, there 

has been increased interest in prophylactic daily use of probiotics. 

According to the Cochrane review, the prophylactic use of 

probiotics reduces the incidence of necrotic enterocolitis (NEC) 

and risk of NEC related death in comparison to the control 

group,5) and probiotics lower the risk for antibiotic-associated 

diarrhea in children,6) Trials have been conducted on the efficacy 

of probiotics against a wide range of diseases, including allergic 

diseases, viral diseases, respiratory diseases, cancer, and digestive 

diseases.

Probiotics may have a positive preventative effect against 

the common cold because the cold is a viral disease. Some 

studies revealed that probiotics have preventive effect against 

colds, but there has been no systematic review of this subject. 

However, based on a systematic review targeting 14 studies on 

the preventive effect of probiotics against respiratory disease, 

four studies7) reported that the incidence of respiratory disease 

was reduced after taking probiotics and ten studies reported 

that there was no reduction. The purpose of this study is to 

investigate whether there is a cold-preventative effect of probiotic 

administration through a systematic review of the literature of 

randomized controlled trials.

METHODS

A systematic review of the literature for randomized 

controlled trials was performed to see whether there is a cold-

preventative effect of probiotic administration in the general 

population.

1. Inclusion Criteria
Randomized controlled trials were selected that compare 

the difference in the incidence of colds and cold symptoms, or 

rhinopharyngitis, between a study group with probiotics and a 

control group without probiotics or probiotic-containing drinks 

(placebo or non-treatment). Studies about upper respiratory 

tract diseases other than the common cold, such as sinusitis, 

tonsillitis, laryngitis, otitis media; studies about the prevention 

of lower respiratory tract disease, such as bronchitis, pneumonia; 

studies including a group likely to be influenced by other active 

medication, such as vitamine; and studies about the relief or 

improvement of cold symptoms were excluded.

2. Search Method
The last search was performed in June 2011. All searches 

were made by professional librarians and search terms were 

selected in consultation between the authors and professional 

librarians. There were no restrictions on the language of the 

papers published. Databases searched include: MEDLINE 

(PubMed), EMBASE, Cochrane Central Register of Controlled 

Trials (CENTRAL), and CINAHL. The following search terms 

were used.

1) COMMON COLD

#1 “Common Cold” [MH] OR “common cold*” [TW]

#2 coryza [TW]

#3 (“Respiratory Tract Infections” [MH] AND upper [TW]) 

OR “upper respiratory infection*” [TW] OR “upper 

respiratory tract infection*” [TW] OR URTI [TW]

#4 Rhinitis [MH] OR rhinit* [TW]

#5 Pharyngitis [MH] OR pharyngit* [TW] 

#6 sore throat* [TW]

#7 Nasopharyngitis [MH] OR nasopharyngit* [TW]

#8 Laryngitis [MH] OR laryngit* [TW]

#9 Cough [MH] OR cough* [TW]

#10 Nasal Obstruction [MH] OR “nasal obstruction*” [TW]

#11 Sneezing [MH] OR sneezing* [TW]

#12 Rhinovirus [MH] OR rhinovirus* [TW] 

#13 common cold virus* [TW] 

#14 coryza virus* [TW]

#15 OR #1-#15… (1)

2) PROBIOTICS

#1 Probiotics [MH] OR probiotics [TW]

#2 Lactobacillus [MH] OR lactobacill* [TW]

#3 Bifidobacterium [MH] OR bifidobact* [TW]

#4 Lactococcus [MH] OR lactococc* [TW]

#5 Enterococcus [MH] OR enterococc* [TW]

#6 OR #1-#5… (2)
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3) Randomized controlled trial

#1 randomized controlled trial [PT]

#2 controlled clinical trial [PT]

#3 randomized [TW] 

#4 placebo [TW] 

#5 drug therapy [subheading] 

#6 randomly [TW] 

#7 trial [TW] 

#8 groups [TW] 

#9 OR #1-#8… (3)

animals [mh] NOT humans [mh]… (4)

[(1) AND (2) AND (3)] NOT (4)

3. Study Selection
Two independent authors reviewed the results of the searches 

and the papers that met the inclusion criteria were selected. In 

the case of disagreement, the paper was reviewed again and the 

decision was made by discussion and consensus. If consensus was 

not possible, a final decision was made by the third author.

4. Assessment of Risk of Bias
The quality of studies for selected research was performed 

by using the Cochrane Collaboration’s tool for assessing risk of 

bias.8) Each criteria was assessed as one of: yes, no, and unclear, 

with ‘yes’ indicating a low risk of bias, ‘no’ indicating a high risk of 

bias, and ‘unclear’ indicating a lack of information. The evaluation 

was done by two independent authors, and discrepancies were 

resolved by discussion and consensus.

5. Data Extraction
Relevant data, such as the study design, subject and 

characteristics, type and amount of probiotics and intake method, 

control group, the follow-up period, and outcome variables were 

abstracted independently by two review authors. Discrepancies 

were resolved by discussion and consensus.

6. Statistical Analysis
The 95% confidence intervals (CI) for the relative risk are 

presented as follows. Review Manager ver. 5.1 (RevMan)9) 

Figure 1. Flow sheet of study 

selection.
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software was used for statistical analysis. As a data analysis 

method, a fixed effect model was applied when the homogeneity 

between studies was verified. The results were displayed in a 

forest plot. An I2 test was applied to determine between-study 

heterogeneity. A subgroup analysis was conducted to investigate 

age, probiotics treatment duration, and treatment variables. A 

funnel plot was designed to check the existence of publication 

bias.

RESULTS

Based on the electronic search, 538 abstracts from Cochrane, 

1,447 from MEDLINE, 144 from EMBASE, and 29 from 

CINAHL, for a total of 2,126 abstracts were found. Out of these, 

a total of seven randomized controlled trials were selected and 

included in the analysis (Figure 1).10-16) The characteristics of the 

included studies are shown in Table 1.

A total of 2,894 participants were included: 1,580 participants 

were in the probiotic group and 1,296 were in the control group. 

The randomized controlled trials13) were analyzed as two separate 

studies, and another study consisting of three randomized 

controlled trials was included in the analysis individually as 

well. The number of subjects in these studies was selected by 

the intention-to treat (ITT) principle, with the exception of 

one study16) which used a modified ITT analysis including only 

subjects who received at least one dose of the study medication. 

If results of a study were only described by odds ratios12) instead 

of the number of patients, then the number of patients was 

calculated and analyzed using the available information. The 

risk of bias for the included studies was evaluated by using 

Cochrane Collaboration’s tool for assessing risk of bias.5) It was 

evaluated that items for appropriate random sequence generation 

were performed properly in four studies.10,12,14,16) Allocation 

concealment was adequately described in five studies11,12,14-16) 

but in one study, milk was used instead of yogurt as a control, 

which was considered to be inadequate. Blinding of intervention 

and outcome was adequately described except in one study.13) 

Incomplete outcome data were adequately addressed in all 

studies. Also, in one study11) the ages of the control group were 

much higher than the probiotic groups, and in another study15) 

it was not clear whether or not the study participants received 

a flu vaccine. There was a possibility of potential bias in these 

two studies. In addition, one study14) which used vitamins and 

minerals both in the probiotics group and in the control group 

was assessed to be at a high risk of bias. All except one study13) 

were assessed as relatively higher quality studies (Figure 2). The 

investigators of five studies10-12,14,16) out of the seven were funded 

by a commercial company. The funding of one study15) was not 

disclosed. Only one study13) was done without any funding. 

Based on ten studies extracted from seven papers, the relative risk 

of the common cold in probiotics groups compared to the control 

group was 0.92 (95% CI, 0.84 to 1.00; I2 = 27%) (Figure 3).

Using the results of seven papers encompassing a total of 

Figure 2. Risk of bias graph.
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Figure 4. Subgroup analysis: duration of probiotics administration.

Figure 3. Meta-analysis of studies probiotics in common cold prevention.
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ten studies, subgroup analysis was performed based on study 

characteristics. First, a subgroup analysis was done based on 

the probiotics administration period. When the probiotics 

administration period was less than three months, the relative risk 

was 0.82 (95% CI, 0.70 to 0.97; I2 = 0%), and when it was longer 

than three months, the relative risk was 1.00 (95% CI, 0.92 to 

1.09; I2 = 33%) (Figure 4). Based on the result of the comparison 

between probiotic administration with vitamins and minerals 

and just probiotic administration, the relative risk excluding one 

study14) was 0.87 (95% CI, 0.78 to 0.97; I2 = 22%). Excluding 

a pediatric research study,11) the relative risk was 0.91 (95% CI, 

0.82 to 1.021; I2 = 34%). Excluding one low quality study,13) the 

relative risk was 0.93 (95% CI, 0.85 to 1.01; I2 = 19%). Excluding 

two studies10,13) in which it is uncertain whether a placebo was 

used, the relative risk was 0.97 (95% CI, 0.88 to 1.06; I2 = 26%). 

A subgroup analysis in relation to gender, types of probiotics 

and daily dose, and underlying disease was not performed since 

each study was very different or because these factors were not 

properly reported in the papers.

None of the included studies reported significant differences 

in adverse effects between the two groups in relation to changes 

in bowel movements, musculoskeletal symptoms, gastrointestinal 

symptoms, infection, or neurological or psychiatric symptoms. 

Any such effects were not severe. A distinct asymmetry in the 

Funnel plot was not observed (Figure 5).

DISCUSSION

Cold is generally a mild illness and is usually overcome 

naturally. Therefore, in order to be clinically useful, a cold 

prevention method should be simple, low cost, and without 

adverse reactions. In this systematic review of whether there is a 

cold-preventative effect in probiotic administration, there was no 

statistically significant evidence overall, but probiotics seemed 

to have borderline preventive effects. The preventive effect was 

mainly observable with probiotics administration periods of less 

than three months.

Despite a comprehensive search, only ten studies met the 

inclusion criteria. Studies about upper respiratory tract diseases 

other than the common cold and studies including a group likely 

to be influenced by other active medication, such as vitamins were 

excluded. Generally, the overall quality of studies was relatively 

high.

In summary, there is the possibility that probiotics have a cold 

preventive effect, but such a preventive effect is not conclusively 

demonstrated. Since there were no previous systematic reviews 

concerning the use of probiotics for the prevention of the 

common cold, comparison of results was not possible.

Therefore, when taking probiotics constantly, it is difficult 

to exclude the possibility of a somewhat lower risk of developing 

a cold. There are no reported serious side effects of the use of 

probiotics in the current literature. However, the use of probiotic 

administration for cold prevention must be determined by 

considering the severity of colds, and the cost and inconvenience 

of administering probiotics.

A subgroup analysis was performed based on the length of 

the probiotics administration period. When the period was less 

than three months, the occurrence of the common cold decreased 

by 18%, but if it was longer than three months, it had no effect on 

cold prevention. Typically, more people suffer from colds during a 

change in season.17) Therefore after three months, the probability 

of the occurrence of a common cold can be increased, which 

may be an explanation of our results. It should be considered 

whether medication period occurred during a change in season; 

without doing so it is hard to make the conclusion that short-term 

administration of probiotics has a preventive effect.

Based on the other subgroup analysis, results of the 

Figure 5. Funnel plot. RR: relative risk.
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comparison between administration of probiotics with vitamins 

and minerals and just probiotic administration showed that 

incidence of the common cold decreased by 13%. The cold-

preventive effects of probiotics may have been diminished due to 

the use of vitamins, but it is difficult to draw any clear conclusions 

because only one study was analyzed. Whether cold prevention 

effects might be different between adults and young children is 

hard to determine because there was only one pediatric study 

investigated. In addition, subgroup analyses concerning gender, 

types of probiotics, daily dose, and underlying disease were not 

performed since each study is very different or such factors were 

not properly reported in the papers.

This study has several limitations: first, since the common 

cold cannot be diagnosed from clinical symptoms alone and 

objective diagnostic indicators for the common cold do not 

exist, occurrence of the common cold can be missed or mis-

diagnosed. This can influence the outcome of the research. Four 

studies included in this systematic review chose to diagnose 

based on clinical symptoms determined by questionnaires. 

However, these methods do not distinguish clearly between the 

common cold and other respiratory diseases including lower 

respiratory diseases. It may be necessary to conduct a large scale 

study in which experts differentiate colds from other respiratory 

infections. Second, differences in cold prevention effects can 

exist depending on the kinds and the amount of probiotics used. 

There are differences between probiotic strains in their ability 

to clean the intestine, and the there is evidence that viability 

of Streptococcus themophilus and Lactobacillus delbrueckii ssp. 
bulgaricus in the intestine is weak.18,19) Since each type of probiotic 

might have a different effect on cold prevention, future research 

on effectiveness will be required taking into account the type and 

number of strains, methods of mixing strains, and process.

In conclusion, the cold preventive effects of probiotics 

administration was investigated through a systematic review 

of randomized controlled trials, and the results showed that 

there was no statistically significant cold prevention overall, 

but there may be a borderline preventive effect. A preventive 

effect was found mainly in the case of a study period of less than 

three months and it appeared when a placebo group was used 

as the control group. However, the decision as to whether to 

take a probiotic for prevention of the common cold should be 

made by considering the severity of the cold and the cost and 

inconvenience of probiotics administration.
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