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Forum on Drug Discovery, Development, and Translation 

Forum on Neuroscience and Nervous System Disorders 

National Cancer Policy Forum 

Roundtable on Genomics and Precision Health 

The National Academies of Sciences, Engineering, and Medicine are private, nonprofit institutions that provide expert advice on some of the most pressing 

challenges facing the nation and the world. Our work helps shape sound policies, inform public opinion, and advance the pursuit of science, engineering, and 

medicine. For more information about this workshop, please contact Amanda Wagner Gee (agee@nas.edu). 

Enhancing Scientific Reproducibility through Transparent Reporting 

 A Workshop 

September 25–26 2019 ▪ Washington, DC 

 

Statement of Task 

An ad hoc committee of the National Academies of Sciences, Engineering, and Medicine (National Academies) 

will plan and conduct a public workshop to discuss the current state of transparency in reporting biomedical research 

(e.g. disclosure of the availability and location of data, materials, analysis, and methodology) and to explore the 

possibility of improving the harmonization of guidelines across journals and funding agencies so that biomedical 

researchers propose and report data in a consistent manner. This workshop is sponsored by the National Institutes 

of Health, Cell Press, The Lancet, and Nature Research.  

Workshop objectives: 

 Highlight current efforts by researchers, institutions, funders, and journals to increase transparency in 

proposing and reporting pre-clinical biomedical research; 

 Discuss journal and funder assessments of researchers’ adherence to reporting guidelines, including a 

discussion of the effectiveness of checklists; 

 Consider lessons learned from field-specific best practices for increased transparency in reporting rigor 

elements (i.e., research design, methodology, analysis, interpretation and reporting of results) that are 

generalizable across biomedical research domains; 

 Discuss opportunities for improving the consistency of reporting guidelines and requirements for rigor and 

transparency by journals, funders, and institutions across the biomedical research lifecycle; and 

 Consider approaches to compare reporting of rigor elements proposed in grant applications to those 

included in publications. 

The committee will plan and organize the workshop, develop the agenda, select and invite speakers and discussants, 

and moderate or identify moderators for the discussions. The agenda will include a panel discussion on facilitating 

the development of consistent guidelines (e.g. a common set of minimal reporting standards) that could be applied 

across journals and funders to increase transparency in proposing and reporting biomedical research. 

A proceedings of the presentations and discussions at the workshop will be prepared by a designated rapporteur in 

accordance with institutional guidelines. 
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Enhancing Scientific Reproducibility through Transparent Reporting 

A Workshop  
September 25 – 26, 2019 

National Academy of Sciences Building, Lecture Room 
2101 Constitution Ave. NW, Washington, DC 20418 

 

An ad hoc committee of the National Academies of Sciences, Engineering, and Medicine is convening a public 
workshop to discuss the current state of transparency in reporting pre-clinical biomedical research (e.g., disclosure 
of the availability and location of data, materials, analysis, and methodology) and to explore the possibility of 
improving the harmonization of guidelines across journals and funding agencies so that biomedical researchers 
propose and report data in a consistent manner. This workshop is sponsored by the National Institutes of Health, Cell 
Press, The Lancet, and Nature Research.  

WORKSHOP OBJECTIVES: 

• Highlight current efforts by researchers, institutions, funders, and journals to increase transparency in 
proposing and reporting pre-clinical biomedical research; 

• Consider lessons learned from field-specific best practices for increased transparency in reporting rigor 
elements (i.e., research design, methodology, analysis, interpretation and reporting of results) that are 
generalizable across biomedical research domains; 

• Discuss journal and funder assessments of researchers’ adherence to transparent reporting guidelines, 
including a discussion of the effectiveness of checklists; 

• Discuss opportunities for improving the consistency of reporting guidelines and requirements for rigor and 
transparency by journals, funders, and institutions across the biomedical research lifecycle; and 

• Consider approaches to compare reporting of rigor elements proposed in grant applications to those included 
in publications. 

DAY 1: September 25, 2019 
 
8:00 a.m. Breakfast available outside the Lecture Room 
 
8:30 a.m. Welcome and opening remarks 

HARVEY FINEBERG, Workshop Chair 
President 
Gordon and Betty Moore Foundation 

 
Highlights and related recommendations from the National Academies report on  
Reproducibility and Replicability in Science 
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9:15 a.m. Q&A with audience 
 

SESSION I CULTIVATING TRANSPARENT REPORTING IN BIOMEDICAL 
RESEARCH 

Session Objectives: 

• Highlight current efforts by researchers, institutions, funders, and journals to increase transparency 
in proposing and reporting pre-clinical biomedical research 

• Discuss the incentives, disincentives, challenges, and opportunities for researchers when it comes 
to transparent reporting of pre-clinical biomedical research (e.g., pressure to publish, institutional 
resources, training, funding). 

• Discuss experience with implementation of policies to encourage transparent reporting across the 
biomedical research life cycle. 

• Consider the role of stakeholders in supporting a cultural shift towards transparent reporting in 
preclinical biomedical research. 
For more information on cultural barriers as sources of non-reproducibility, see p. 58, p. 97, and 
p. 104 of the National Academies’ Reproducibility and Replicability in Science report.  

 
9:30 a.m. Opening remarks by session moderator 

ALEXA MCCRAY  
Professor of Medicine 
Harvard Medical School 

 
9:40 a.m. A researcher (early career) perspective 

YARIMAR CARRASQUILLO  
Investigator 
National Center for Complementary and Integrative Health, National Institutes of Health 
 

9:55 a.m.  A researcher/researcher support perspective 
BRIAN NOSEK  
Co-founder 
Center for Open Science  

 
10:10 a.m. A researcher (later career)/society publisher perspective 

ARTURO CASADEVALL  
Professor, Molecular Microbiology and Immunology, Johns Hopkins University  
Editor-in-chief, mBio 

 
10:25 a.m. An NIH perspective 

CARRIE WOLINETZ 
Acting Chief of Staff and Associate Director for Science Policy 
Office of the Director, National Institutes of Health (NIH) 
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10:40 a.m. Audience Q&A with the panel 
 

Discussion Questions: 
• What forces are influencing the culture of biomedical research, and how is it 

changing? 
• What actions could influence practice and support a cultural shift towards more 

transparent reporting? 
• What influence might transparent reporting or required reporting of rigor elements 

have on grant applications? Is there a role for pre-registration of pre-clinical 
studies? 

 
11:10 a.m.  BREAK 
 

SESSION II ANSWERING THE CALL FOR CHANGE: LESSONS LEARNED AND 
BEST PRACTICES  

Session Objectives: 

• Consider lessons learned from institutional and/or field-specific best practices for increased 
transparency in reporting rigor elements (i.e. research design, methodology, analysis, 
interpretation and reporting of results) that are generalizable across biomedical research domains. 

• Consider available tools and best practices for increased transparent reporting that support 
researchers and are generalizable across biomedical research domains. 

• Discuss the roles of educational institutions, professional societies, researchers, and funders in 
improving computational reproducibility (Reproducibility and Replicability in Science Report 
Recommendation 6-6). 

• Discuss how funding agencies and organizations could invest in research and development of 
open-source, usable tools and infrastructure that support reproducibility for a broad range of 
studies across different domains in a seamless fashion, as well as in outreach to inform and train 
researchers on best practices (Reproducibility and Replicability in Science Report 
Recommendation 6-1). 

 
11:30 a.m. Opening remarks by session moderator 

VERONIQUE KIERMER  
Executive Editor 
PLOS 

 
11:40 a.m.  A clinical researcher perspective: Lessons from the SPIRIT initiative 

AN-WEN CHAN  
Phelan Scientist, Women’s College Research Institute 
Associate Professor, University of Toronto 

 
11:50 a.m.  An institution perspective 

GEETA SWAMY  
Vice Dean for Scientific Integrity 
Associate Vice President for Research 
Duke University 
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12:00 p.m.. A funder perspective 
MAGALI HAAS  
Chief Executive Officer and President 
Cohen Veterans Bioscience 

 
12:10 p.m.  Moderated panel discussion among speakers 
 
12:30 p.m. Audience Q&A with the panel 
 

Discussion Questions: 
• How can challenges with pre-registration, image analysis, cell line authentication, 

statistical analysis, or other rigor elements be addressed? 
• What actions can institutions or professional societies take to educate and support 

their constituents on best practices? How could this information be best provided? 
• How might funding agencies and organizations invest in development of open-

source reusable tools and infrastructure to support transparent reporting 
seamlessly across different domains? 

• What actions could funding agencies and organizations take to inform, train, and 
support researchers on best practices in transparent reporting? 

• What has been learned from open access mandates and from implementing policies 
around sharing data in preclinical research? How could those lessons inform 
transparent reporting guidance and adoption? 

 
1:00 p.m. BREAK (Lunch available Outside the Lecture Room) 
 

SESSION III   STAKEHOLDER PERSPECTIVES ON CHECKLISTS AND GUIDELINES  

Session Objectives: 

• Discuss journal and funder assessments of researchers’ adherence to transparent reporting 
guidelines, including discussion of the effectiveness of checklists.  

o Highlight empirical assessments of checklist application from funders, journals, and 
researchers; and 

o Consider practical application and effectiveness of checklists and guidelines to encourage 
or require transparent reporting of pre-clinical biomedical research. 

• Discuss how funders could require thoughtful discussion in grant applications of how uncertainties 
will be evaluated, along with any relevant issues regarding replicability and computational 
reproducibility (Reproducibility and Replicability in Science Report Recommendation 6-9) 

• Discuss how journals and scientific societies could disclose their policies relevant to achieving 
reproducibility and replicability; and how journals could be encouraged to set and implement 
desired standards of reproducibility and replicability and adopt policies to reduce the likelihood of 
non-replicability (Reproducibility and Replicability in Science Report Recommendation 6-7)  

 
2:00 p.m. Opening remarks by session moderator 

BARRY COLLER  
Physician-in-Chief, Vice President for Medical Affairs, and David Rockefeller Professor 
The Rockefeller University 
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2:10 p.m.  The checklist approach at life science journals – challenges and opportunities 
SOWMYA SWAMINATHAN  
Head of Editorial Policy 
Nature Research  
 
MALCOLM MACLEOD  
Professor 
University of Edinburgh 
 

2:30 p.m.  An NIH funder perspective 
SHAI SILBERBERG  
Director Research Quality 
National Institute of Neurological Disorders and Stroke, National Institutes of Health 

 
2:40 p.m.  Moderated panel discussion among speakers 
 
3:10 p.m. Audience Q&A with the panel 
 

Discussion Questions: 
• How valuable are checklists? How valuable is guidance such as the CONSORT 

statement? What are observed challenges to adherence, and how could they be 
addressed? 

• How could checklists be improved and/or complemented to further encourage 
transparent reporting? 

• What resources do researchers need to be able to submit proposals, publish, or 
otherwise report on specific rigor elements? 

• How might funders require thoughtful discussion in grant applications of how 
uncertainties (such as in measurement, computation, knowledge, modeling, or 
methods of analysis) will be evaluated by researchers? 

• Should scientific societies be encouraged to develop policies relevant to 
transparent reporting? 

 
SESSION IV 
PART 1 

TOWARDS MINIMAL REPORTING STANDARDS FOR 
PRECLINICAL BIOMEDICAL RESEARCH 

Session Objectives: 

• Discuss opportunities for improving the consistency of reporting guidelines and requirements for 
rigor and transparency by journals, funders, and institutions across the biomedical research 
lifecycle. 

 
4:00 p.m.  Discussion with audience on potential steps stakeholders could take to support 

harmonizing reporting guidelines 
 

HARVEY FINEBERG, Workshop Chair and session moderator 
President 
Gordon and Betty Moore Foundation 
 
BENEDICT KOLBER  
Associate Professor 
Duquesne University 
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RICHARD NAKAMURA  
Former Director (Retired) 
Center for Scientific Review, National Institutes of Health 
 
FRANKLIN SAYRE  
STEM Librarian 
Thompson Rivers University 
 
VALDA VINSON  
Editor, Research 
Science 

 
 
5:00 p.m. ADJOURN WORKSHOP DAY 1 
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DAY 2: September 26, 2019 
 
8:00 a.m. Breakfast Available Outside the Lecture Room 
 
8:30 a.m. Welcome and overview of Day 1  

HARVEY FINEBERG, Workshop Chair 
President 
Gordon and Betty Moore Foundation 
 

9:00 a.m. Keynote Address 
MARCIA MCNUTT  
President 
National Academy of Sciences 

 
9:20 a.m.  Q&A Session 

 
9:30 a.m. BREAK 
 
SESSION IV 
PART 2 

TOWARDS MINIMAL REPORTING STANDARDS FOR 
PRECLINICAL BIOMEDICAL RESEARCH 

Session Objectives: 

• Consider approaches to compare reporting of rigor elements proposed in grant applications to 
those included in publications. 

• Suggest stakeholder actions to encourage transparent reporting and practical next steps towards 
establishing minimal reporting standards for pre-clinical biomedical research. 

 
10:00 a.m. Opening remarks by session moderator 

HARVEY FINEBERG, Workshop Chair 
President 
Gordon and Betty Moore Foundation 

 
10:10 a.m. An early career researcher perspective  

MICHAEL KEISER  
Assistant Professor 
University of California, San Francisco 

 
10:20 a.m.  An institution perspective 

MELISSA RETHLEFSEN  
Associate Dean, George A. Smathers Libraries 
Fackler Director, Health Science Center Libraries 
University of Florida 

 
10:30 a.m.  A research educator perspective 

STEVEN GOODMAN  
Professor of Medicine and Health Research and Policy 
Co-director, Meta-Research Innovation Center at Stanford 
Stanford University 
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10:40 a.m.  Moderated panel discussion among speakers 
 
11:10 a.m. Small group table discussion and reporting  
 

Discussion Questions: 
• What actions should funders, researchers, institutions, and journals take to drive 

widespread adoption of minimal reporting standards? 
• Are reporting categories in guidelines for publishing (such as materials, design, 

analysis, and reporting) relevant for funders? For institutions? For small 
publishers/professional societies? 

• What other information or reporting categories would be relevant? 
• How should funders instruct reviewers of grant applications to reinforce 

transparent reporting? How much information should funders request, that is, to 
what level of detail, in grant applications)? Is it possible to obtain sufficient 
information about transparent reporting in grant applications without dramatic 
expansion of the application? 

 
12:25 p.m.  Workshop wrap up and concluding discussion with audience 
 
12:30 p.m. ADJOURN WORKSHOP DAY 2 
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	 The Forum on Drug Discovery, Development, and Trans-
lation of the National Academies of Sciences, Engineering, 
and Medicine was created in 2005 by the Board on Health 
Sciences Policy to provide a unique platform for dialogue 
and collaboration among thought leaders and stakeholders 
in government, academia, industry, foundations, and patient 
advocacy with an interest in improving the system of drug 
discovery, development, and translation. The Forum brings 
together leaders from private sector sponsors of biomedical 
and clinical research, federal agencies sponsoring and regu-
lating biomedical and clinical research, the academic commu-
nity, and patients, and in doing so serves to educate the policy 
community about issues where science and policy intersect. 
The Forum convenes several times each year to identify, dis-
cuss, and act on key problems and strategies in the discovery, 
development, and translation of drugs. To supplement the 
perspectives and expertise of its members, the Forum also 
holds public workshops to engage a wide range of experts, 
members of the public, and the policy community. The Forum 
also fosters collaborations among its members and constit-
uencies. The activities of the Forum are determined by its 
members, focusing on the major themes outlined below.

INNOVATION AND THE DRUG DEVELOPMENT  
ENTERPRISE
	 Despite exciting scientific advances, the pathway from 
basic science to new therapeutics faces challenges on many 
fronts. New paradigms for discovering and developing drugs 
are being sought to bridge the ever-widening gap between 
scientific discoveries and translation of those discoveries 
into life-changing medications. There is also increasing rec-
ognition of the need for new models and methods for drug 
development and translational science, and “precompetitive 
collaborations” and other partnerships, including public–
private partnerships, are proliferating. The Forum offers a  
venue to discuss effective collaboration in the drug discov-
ery and development enterprise and also hosts discussions 
that could help chart a course through the turbulent forces of 
disruptive innovation in the drug discovery and development 
“ecosystem.”
	 Key gaps remain in our knowledge about science, tech-
nology, and methods needed to support drug discovery and 
development. Recent rapid advances in innovative drug 
development science present opportunity for revolution-
ary developments of new scientific techniques, therapeu-
tic products, and applications. The Forum provides a venue 

to focus ongoing attention and visibility to these important 
drug development needs and facilitates exploration of new 
approaches across the drug development lifecycle. The Forum 
has held workshops that have contributed to the defining and 
establishment of regulatory science and have helped inform 
aspects of drug regulatory evaluation.

CLINICAL TRIALS AND CLINICAL PRODUCT  
DEVELOPMENT
	 Clinical research is the critical link between bench and 
bedside in developing new therapeutics. Significant infra-
structural, cultural, and regulatory impediments challenge 
efforts to integrate clinical trials into the health care delivery 
system. Collaborative, cross-sector approaches can help artic-
ulate and address these key challenges and foster systemic 
responses. The Forum has convened a multiyear initiative 
to examine the state of clinical trials in the United States, 
identify areas of strength and weakness in our current clin-
ical trial enterprise, and consider transformative strategies 
for enhancing the ways in which clinical trials are organized 
and conducted. In addition to sponsoring multiple symposia 
and workshops, under this initiative, the Forum is fostering 
innovative, collaborative efforts to facilitate needed change in 
areas such as improvement of clinical trial site performance.

INFRASTRUCTURE AND WORKFORCE FOR DRUG 
DISCOVERY, DEVELOPMENT, AND TRANSLATION
	 Considerable opportunities remain for enhancement and 
improvement of the infrastructure that supports the drug 
development enterprise. That infrastructure, which includes 
the organizational structure, framework, systems, and 
resources that facilitate the conduct of biomedical science for 
drug development, faces significant challenges. The science 
of drug discovery and development, and its translation into 
clinical practice, is cross-cutting and multidisciplinary. Career 
paths can be opaque or lack incentives such as recognition, 
career advancement, or financial security. The Forum has 
considered workforce needs as foundational to the advance-
ment of drug discovery, development, and translation. It 
has convened workshops examining these issues, including 
consideration of strategies for developing a discipline of 
innovative regulatory science through the development of a 
robust workforce. The Forum will also host an initiative that 
will address needs for a workforce across the translational  
science lifecycle.

ABOUT THE FORUM
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Forum on Drug Discovery, Development, and Translation

Robert Califf (Co-Chair) 
Duke University and  
Verily Life Sciences

Gregory Simon (Co-Chair) 
Kaiser Permanente Washington 
Health Research Institute and  
University of Washington 

Christopher Austin
National Center for Advancing 
Translational Sciences, NIH

Linda Brady
National Institute of Mental Health, 
NIH

Tanisha Carino
Milken Institute

Barry Coller 
The Rockefeller University

Thomas Curran 
Children’s Mercy, Kansas City

Richard Davey
National Institute of Allergy and 
Infectious Diseases, NIH 

James Doroshow
National Cancer Institute, NIH

Jeffrey Drazen 
New England Journal of Medicine

Steven Galson
Amgen Inc.

Carlos Garner
Eli Lilly and Company

Julie Gerberding 
Merck & Co., Inc. 

Deborah Hung 
Harvard Medical School

Lynn Hudson
Critical Path Institute

Ross McKinney
Association of American Medical 
Colleges

Joseph Menetski 
Foundation for the NIH

Bernard Munos
InnoThink Center for Research in 
Biomedical Innovation

Kelly Rose 

Burroughs Wellcome Fund

Rob Scott                                       
AbbVie, Inc.

Anantha Shekhar 
Indiana University School of 
Medicine

Ellen Sigal
Friends of Cancer Research

Lana Skirboll
Sanofi

Amir Tamiz 

National Institute of Neurological 
Disorders and Stroke, NIH 

Ann Taylor 
AstraZeneca

Pamela Tenaerts 
Clinical Trials Transformation 
Initiative

Joanne Waldstreicher
Johnson & Johnson

Carrie Wolinetz
National Institutes of Health, Office 
of Science Policy

Alastair Wood 
Vanderbilt University

Janet Woodcock
Center for Drug Evaluation and 
Research, U.S. FDA

Carolyn Shore, Ph.D.
Forum Director 
cshore@nas.edu 
202-334-2669 
 
 
 

 
 

Jennifer Hinners, M.D., M.P.H.
Program Officer

Amanda Wagner Gee, M.S.
Program Officer

Sylvia Ncha, M.P.H. 
Associate Program Officer

Eeshan Khandekar, M.Sc.
Associate Program Officer

Melvin Joppy
Senior Program Assistant

For more information, please visit:
NATIONALACADEMIES.ORG/DRUGFORUM

Health and Medicine Division 
Board on Health Sciences Policy

Project Staff
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The Forum on Neuroscience and Nervous System Disorders was established in 2006 to provide a venue for building partnerships, 
addressing challenges, and highlighting emerging issues related to brain disorders, which are common, major causes of premature 
mortality, and, in aggregate, the largest cause of disability worldwide. The Forum’s meetings bring together leaders from 
government, industry, academia, disease advocacy organizations, and other interested parties to examine significant—and 
sometimes contentious—issues concerning scientific opportunities, priority setting, and policies related to research on 
neuroscience and brain disorders; the development, regulation, and use of interventions for the nervous system; and related 
ethical, legal, and social implications. 

Forum members meet several times a year to exchange information, ideas, and differing perspectives. The Forum also 
sponsors workshops (symposia), workshop proceedings, and commissioned papers as additional mechanisms for informing its 
membership, other stakeholders, and the public about emerging issues and matters deserving scrutiny. Additional information is 
available at www.nas.edu/NeuroForum. 

Members 

Frances Jensen (Co-Chair), University of Pennsylvania 

John Krystal (Co-Chair), Yale University School of Medicine 

Susan Amara, Society for Neuroscience 

Rita Balice-Gordon, Sanofi 

Katja Brose, Chan Zuckerberg Initiative  

Emery Brown, Harvard and MIT 

Daniel Burch, PPD 

Joseph Buxbaum, Icahn School of Medicine at Mount Sinai 

Sarah Caddick, Gatsby Charitable Foundation 

Rosa Canet-Aviles, Foundation for the NIH 

Maria Carrillo, Alzheimer’s Association 

Timothy Coetzee, National Multiple Sclerosis Society 

Jonathan Cohen, Princeton University 

Robert Conley, Eli Lilly and Company 

James Deshler, National Science Foundation 

Billy Dunn, Food and Drug Administration 

Michael Egan, Merck Research Laboratories 

Joshua Gordon, National Institute of Mental Health 

Raquel Gur, University of Pennsylvania 

Magali Haas, Cohen Veterans Bioscience 

Ramona Hicks, One Mind  

Richard Hodes, National Institute on Aging 

Stuart Hoffman, U.S. Department of Veterans Affairs 

Steven Hyman, The Broad Institute of MIT and Harvard 

George Koob, National Institute on Alcohol Abuse and Alcoholism 

Walter Koroshetz, National Institute of Neurological Disorders and 
Stroke 
Story Landis, National Institute of Neurological Disorders and Stroke 
(Former Director) 

Alan Leshner, American Association for the Advancement of Science 
(CEO Emeritus) 

Husseini Manji, Janssen Research & Development, LLC 

Caroline Montojo, The Kavli Foundation 

Steven Paul, Karuna Pharmaceuticals Inc. 

Emiliangelo Ratti, Takeda Pharmaceuticals International 

Douglas Sheeley, National Institute of Dental and Craniofacial 
Research 

Todd Sherer, Michael J. Fox Foundation for Parkinson’s Research 

David Shurtleff, National Center for Complementary and Integrative 
Health 

Paul Sieving, National Eye Institute 

Andrew Welchman, Wellcome Trust 

Doug Williamson, Lundbeck 

Nora Volkow, National Institute on Drug Abuse 

Stevin Zorn, University of Rhode Island and MindImmune 
Therapeutics 

Staff 

Clare Stroud, Forum Director 
Sheena Posey Norris, Program Officer 
Phoenix Wilson, Senior Program Assistant 
Andrew Pope, Director, Board on Health Sciences Policy 

_________________________________________________________________________________________________________ 

The National Academies of Sciences, Engineering, and Medicine are private, nonprofit institutions that provide independent, objective analysis and advice to the 
nation and conduct other activities to solve complex problems and inform public policy decisions related to science, technology, and medicine. The National 
Academies operate under an 1863 congressional charter to the National Academy of Sciences, signed by President Lincoln. For additional information on the 
Forum on Neuroscience and Nervous System Disorders, visit www.nas.edu/NeuroForum or contact Clare Stroud (cstroud@nas.edu, 202-334-1847). 

Recent Workshops 

Biomarkers of Neuroinflammation (2017) 

Enabling Novel Treatments for Nervous System Disorders by Improving Methods for 
Traversing the Blood-Brain Barrier (2017) 

Accelerating Therapeutic Development for Pain and Opioid Use Disorders through 
Public-Private Partnerships (2017) 

Neuroforensics: Exploring the Legal Implications of Emerging Neurotechnologies (2018) 

Harnessing Digital Technology for Brain Disorders (2018) 

Transgenic and Chimeric Neuroscience Research: Exploring the Scientific Opportunities 
Afforded by New Nonhuman Primate Models (2018) 

The Role of Nonpharmacological Approaches to Pain Management (2018) 

Advancing Gene-Targeted Therapies for Nervous System Disorders (2019) 

Upcoming Workshop 

Neuroscience Data in the Cloud (Sept 24, 2019) 

Enhancing Scientific Reproducibility through Transparent Reporting (Sept 25-26, 2019)* 

Challenges and a Way Forward in Sharing Clinical Trial Data (Nov 18-19, 2019)* 

*Co-hosted with the Forum on Drug Discovery, Development, and Translation; National 
Cancer Policy Forum; and Roundtable on Genomics and Precision Health 
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500 Fifth Street, NW, Washington, DC 20001 

Phone 202.334.2217   E-mail sbeachy@nas.edu   nationalacademies.org/GenomicsRT 

 

 

The sequencing of the human genome is rapidly 

opening new doors to research and progress in 

biology, medicine, and health care. At the same time, 

these developments have produced a diversity of new 
issues to be addressed.   

 

The National Academies of Sciences, Engineering,  

and Medicine has convened a Roundtable on 

Genomics and Precision Health (previously the 

Roundtable on Translating Genomic-Based Research 
for Health) that brings together leaders from academia, 

industry, government, foundations and associations, 

and representatives of patient and consumer interests 

who have a mutual concern and interest in addressing 

the issues surrounding the translation of genome-
based research for use in maintaining and improving 

health. The mission of the Roundtable is to advance 

the field of genomics and improve the translation of 

research findings to health care, education, and policy. 

The Roundtable will discuss the translation process, 
identify challenges at various points in the process, 

and discuss approaches to address those challenges. 

 

The field of genomics and its translation involves 

many disciplines, and takes place within different 

economic, social, and cultural contexts, necessitating 
a need for increased communication and 

understanding across these fields. As a convening 

mechanism for interested parties from diverse 

perspectives to meet and discuss complex issues of 

mutual concern in a neutral setting, the Roundtable: 
fosters dialogue across sectors and institutions; 

illuminates issues, but does not necessarily resolve 

them; and fosters collaboration among stakeholders. 

 

To achieve its objectives, the Roundtable conducts 
structured discussions, workshops, and symposia. 

Workshop summaries will be published and 

collaborative efforts among members are encouraged  

 

 

 

(e.g., journal articles). Specific issues and agenda 

topics are determined by the Roundtable membership, 

and span a broad range of issues relevant to the 

translation process.  
 

Issues may include the integration and coordination of 

genomic information into health care and public health 

including encompassing standards for genetic 

screening and testing, improving information 

technology for use in clinical decision making, 
ensuring access while protecting privacy, and using 

genomic information to reduce health disparities.  The 

patient and family perspective on the use of genomic 

information for translation includes social and 

behavioral issues for target populations.  There are 
evolving requirements for the health professional 

community, and the need to be able to understand and 

responsibly apply genomics to medicine and public 

health.   

 
Of increasing importance is the need to identify the 

economic implications of using genome-based 

research for health.  Such issues include incentives, 

cost-effectiveness, and sustainability. 

 

Issues related to the developing science base are also 
important in the translation process. Such issues could 

include studies of gene-environment interactions, as 

well as the implications of genomics for complex 

disorders such as addiction, mental illness, and chronic 

diseases. 
 

Roundtable sponsors include federal agencies, 

pharmaceutical companies, medical and scientific 

associations, foundations, and patient/public 

representatives. For more information about the 
Roundtable on Genomics and Precision Health, please 

visit our website at nationalacademies.org/GenomicsRT 

or contact Sarah Beachy at 202-334-2217, or by e-mail 

at sbeachy@nas.edu. 
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Planning Committee Biographies 
CHAIR   

 

HARVEY FINEBERG, M.D. PH.D., is president of the Gordon and Betty Moore Foundation. He previously 
served as president of the U.S. Institute of Medicine (now National Academy of Medicine), as provost of 
Harvard University, and as dean of the Harvard Chan School of Public Health. Prior to joining a philanthropic 
foundation, he devoted most of his academic career to the fields of health policy and medical decision-making. 
His past research has focused on global health, assessment of medical technology, evaluation and use of 
vaccines, and dissemination of medical innovations. Dr. Fineberg is a trustee of the Carnegie Endowment for 
International Peace and the China Medical Board. He previously served on the boards of the William and Flora 
Hewlett Foundation, the Josiah Macy, Jr. Foundation, and the Association François-Xavier Bagnoud (FXB) 
U.S.A. He is past chair of the boards of the Carnegie Endowment and the Hewlett Foundation. He helped found 
and served as president of the Society for Medical Decision Making. Dr. Fineberg serves on the editorial board 
of the New England Journal of Medicine and in a number of advisory capacities, including the foresight 
committee of the Veolia Environment Institute and the advisory board of the Peterson Center on Healthcare. 
Dr. Fineberg is co-author of the books Clinical Decision Analysis, Innovators in Physician Education, and The 
Epidemic That Never Was, an analysis of the controversial U.S. immunization program against swine flu in 
1976. He has co-edited books on such diverse topics as AIDS prevention, vaccine safety, understanding risk in 
society, and global health and has authored numerous articles published in professional journals. Dr. Fineberg 
is the recipient of several honorary degrees, the Frank A. Calderone Prize in Public Health, the Henry G. Friesen 
International Prize in Health Research, and the Harvard Medal, awarded by the alumni association of the 
university from which he earned his bachelor’s and doctoral degrees. 
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MEMBERS   
 

OTIS BRAWLEY, M.D., M.A.C.P., F.A.S.C.O., F.A.C.E., is the Bloomberg Distinguished Professor of 
Oncology and Epidemiology at Johns Hopkins University. He is an authority on cancer screening and 
prevention and leads a broad research effort of cancer health disparities in the School of Medicine, the 
Bloomberg School of Public Health and the Sidney Kimmel Comprehensive Cancer Center, focusing on 
how to close racial, economic, and social disparities in the prevention, detection, and treatment of cancer. 
He is a member of the National Cancer Institute Board of Scientific Advisors and the National Academy 
of Medicine. Dr. Brawley is a graduate of University of Chicago, Pritzker School of Medicine. He 
completed an internal medicine residency at University Hospitals of Cleveland, Case-Western Reserve 
University, and a fellowship in medical oncology at the National Cancer Institute. He is board certified in 
internal medicine and medical oncology. 

BARRY COLLER, M.D. serves as Physician–in–Chief, Vice President for Medical Affairs, and the David 
Rockefeller Professor at The Rockefeller University. An authority on the cardiovascular biology of 
integrins and transforming growth factor (TGF)-beta, Dr. Coller is a member of the Institute of Medicine 
(now National Academy of Medicine), the National Academy of Sciences, and was founding president of 
the Society for Clinical and Translational Science. Dr. Coller is a pioneer in the discovery and development 
of monoclonal antibodies for use as human therapeutics. He played the central role in discovering the active 
component and mechanism of abciximab (ReoPro(R)), and he was a leader in its subsequent clinical 
development resulting in one of the first FDA approvals of an antibody medicine. He has been a Member 
of Scientific Advisory Board at Scholar Rock, Inc. since September 2014. 

STUART HOFFMAN, PH.D., is the point of contact for the Veterans Affairs (VA) Rehabilitation Research 
and Development Service (RR&D) program on traumatic brain injury (TBI). In this role, Dr. Hoffman has 
oversight for two VA TBI Research Centers and is the Co-chair of the Government Steering Committee for 
the VA/Department of Defense (DoD) Chronic Effects of Neurotrauma Consortium, as well as a the VA 
TBI subject matter expert for the National Research Action Plan for Improving Access to Mental Health 
Services for Veterans, Service Members, and Military Families. Dr. Hoffman also serves on several intra- 
and interagency advisory committees for VA and DoD, including the Congressionally-mandated Traumatic 
Brain Injury Advisory Committee for the Veterans Health Administration. Dr. Hoffman received his 
doctoral degree in behavioral and molecular neuroscience at Rutgers University in 1995 and completed his 
postdoctoral training in pharmacology at Virginia Commonwealth University in 1997. Dr. Hoffman’s 
professional career began at Emory University as a Research Assistant Professor in the Department of 
Neurology in 1998 and was an Assistant Professor of Emergency Medicine from 2000 to 2006. Immediately 
prior to joining the VA in 2010, Dr. Hoffman was the Research Director for the Defense and Veterans Brain 
Injury Center in Johnstown, Pennsylvania. Dr. Hoffman has more than 30 years of translational 
neuroscience research experience that focus on neuroprotection and methods to promote recovery of 
function after brain injury. 
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VERONIQUE KIERMER, PH.D., is Executive Editor at PLOS, where she works closely with the editorial 
teams of the seven PLOS journals to continually improve the communication of research. Before joining 
PLOS in 2015, she was Executive Editor and Director of Author and Reviewer Services for Nature 
Publishing Group. In that capacity she oversaw editorial and research integrity policies across the Nature 
journals. She started her career in publishing as the founding Chief Editor of Nature Methods and 
subsequently took on publishing responsibility for the title and other online products. Dr. Kiermer has a 
Ph.D. in molecular biology from the Université Libre de Bruxelles, Belgium. Her postdoctoral work was 
in the laboratory of Dr. Eric Verdin at the Gladstone Institute, University of California, San Francisco, 
studying the transcriptional regulation of HIV. She worked on gene therapy projects at the biotechnology 
company Cell Genesys before moving into publishing in 2004. Since February 2017, she has served as 
Chair of the ORCID Board. 
 
BENEDICT KOLBER, PH.D., serves as an Associate Professor in the Department of Biological Sciences and   
the Research and Education Coordinator for the Chronic Pain Research Consortium at Duquesne 
University. Dr. Kolber came to Duquesne in 2011 from Washington University in St. Louis. Dr. Kolber has 
over 15 years experience doing neuroscience research. His graduate work with Louis Muglia, M.D., Ph.D., 
looked at the role of the endocrine stress response in the modulation of stress adaptation, depression, and 
anxiety. His post-doctoral work with Robert Gereau IV, Ph.D., focused on understanding the role of the 
amygdala in the modulation of acute and chronic pain. Dr. Kolber also has extensive experience teaching 
at the undergraduate and graduate level. His teaching interests focus on teaching neuroscience, 
endocrinology, physiology, and in utilizing innovative teaching techniques in the classroom. 
 
ALEXA MCCRAY, PH.D., is a Professor of Medicine at Harvard Medical School and the Department of 
Medicine, Beth Israel Deaconess Medical Center. She conducts research on knowledge representation and 
discovery, with a special focus on the significant problems that persist in the curation, dissemination, and 
exchange of scientific and clinical information in biomedicine and health. Dr. McCray is the former director 
of the Lister Hill National Center for Biomedical Communications, a research division of the National 
Library of Medicine at the National Institutes of Health. While at the NIH, she directed the design and 
development of a number of national information resources, including ClinicalTrials.gov. Before joining 
the NIH she was on the research staff of IBM’s T.J. Watson Research Center. She received the PhD from 
Georgetown University, and for three years was on the faculty there. She conducted pre-doctoral research 
at the Massachusetts Institute of Technology. Dr. McCray joined Harvard Medical School in 2005, where 
she was founding co-director of the Center for Biomedical Informatics and associate director of the Francis 
A. Countway Library of Medicine. Dr. McCray was elected to the National Academy of Medicine in 2001. 
She is chair of the National Research Council’s Board on Research Data and Information. She is a fellow 
of the American Association for the Advancement of Science, a fellow of the American College of Medical 
Informatics (ACMI), an honorary fellow of the International Medical Informatics Association, and a 
founding fellow of the International Academy of Health Sciences Informatics. She is a past president of 
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ACMI and a past member of the board of both the American Medical Informatics Association and the 
International Medical Informatics Association. She is a former editor-in-chief of Methods of Information 
in Medicine, and she is a past member of the editorial board of the Journal of the American Medical 
Informatics Association. She chaired the 2018 National Academies of Sciences, Engineering, and Medicine 
consensus study entitled Open Science by Design: Realizing a Vision for 21st Century Research. 

JILL MESIROV, PH.D., is responsible for the overarching strategy for data science and research computing 
for health sciences at University of California (UC) San Diego School of Medicine. She is also a professor 
in the Department of Medicine. Dr. Mesirov is a computational scientist who has spent many years working 
in the area of high-performance computing on problems that arise in science, engineering, and business 
applications. Her research focuses on cancer genomics applying machine-learning methods to functional 
data derived from patient tumors. The lab analyzes this molecular data to determine the underlying 
biological mechanisms of specific tumor subtypes, to stratify patients according to their relative risks of 
relapse, and to identify candidate compounds for new treatments. In addition, Dr. Mesirov is committed to 
the development of practical, accessible software tools to bring these methods to the general biomedical 
research community. Her tools support almost 500,000 users worldwide. Before joining UC San Diego in 
2015, Dr. Mesirov was associate director and chief informatics officer at the Broad Institute of MIT and 
Harvard, where she directed the Computational Biology and Bioinformatics Program. She previously 
served as manager of computational biology and bioinformatics in the Healthcare/Pharmaceutical Solutions 
Organization, director of research at Thinking Machines Corporation, and has also held positions in the 
mathematics department at the University of California, Berkeley and served as associate executive director 
of the American Mathematical Society. Dr. Mesirov received her B.A. in mathematics from the University 
of Pennsylvania and earned her M.A. and Ph.D. in mathematics from Brandeis University. She is a fellow 
of the American Association for the Advancement of Science (AAAS), the American Mathematical Society 
(AMS), the Association for Women in Mathematics, and the International Society for Computational 
Biology (ISCB). 

 
MARTIN MURPHY, D.MED.SC, PH.D., F.A.S.C.O., is a member of the National Cancer Policy Forum of      
the National Academy of Medicine of the National Academy of Sciences; a Director of the Foundation for    
the National Institutes of Health. He is a Fellow of the American Society of Clinical Oncology (ASCO),   
and founding Executive Editor of the peer-reviewed biomedical journal: The Oncologist, Stem Cells and    
Stem Cells Translational Medicine. A co-founder of the Society for Translational Oncology; a member of      
the Scientific Advisory Board of Hatteras Venture Partners; a charter member of the International Advisory    
Board of the VU University Medical Imaging Center; a charter member of Queen’s University Belfast 
School of Medicine International Review Board; Dr. Murphy is also Chairman Emeritus of the Conquer 
Cancer Foundation of ASCO; convener of ACT-China; and a steering committee member and senior 
consultant to the Chinese Society of Clinical Oncology. Dr. Murphy is founding Chief Executive Office of 
Project Data Sphere®, LLC, a non-profit enterprise devoted to cancer clinical trial data-transparency, data- 
sharing and data-analysis founded by the CEO Roundtable on Cancer’s Life Sciences Consortium. 
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RICHARD NAKAMURA, PH.D. In 2013, Dr. Nakamura was named Director of the Center for Scientific 
Review (CSR) at the National Institutes of Health (NIH). He leads CSR’s 450 scientists and administrative 
staff, overseeing their efforts to manage 80,000 incoming NIH grant applications a year and review the 
majority of them in CSR peer review groups. CSR holds about 1,500 review meetings a year, involving 
about 16,000 reviewers from the scientific community. Dr. Nakamura has had a 32-year tenure at the 
National Institute of Mental Health (NIMH), where he has served as both Scientific Director and Deputy 
Director of the institute, and he served as Acting Director from 2001 to 2002. During his time at NIMH, he 
received a number of leadership awards, including the Presidential Rank Award for outstanding leadership. 
He came to NIMH in 1976 as a postdoctoral fellow. In the mid-80’s he coordinated NIMH’s Biobehavioral 
Program and later was Chief of its Integrative Neuroscience Research Branch. Between 1997 and 2007, he 
served as the institute’s Deputy Director. From 2007 to 2011 he was institute Scientific Director. While at 
NIMH, he also has held other positions, including Associate Director for Science Policy and Program 
Planning; Chief, Behavioral and Integrative Neuroscience Research Branch; and Coordinator, Alcohol, 
Drug Abuse, and Mental Health Administration (ADAMHA) Office of Animal Research Issues. Dr. 
Nakamura attended the Bronx High School of Science and earned his B.A. in psychology from Earlham 
College in Richmond, Indiana. He received his Ph.D. in psychology from the State University of New York 
in Stony Brook. Dr. Nakamura has expertise in a number of areas, including cognitive and comparative 
neuroscience, science policy/funding and ethics in science. He has published 30 peer reviewed scientific 
journal articles, most related to neurocognition in primates. 

FRANKLIN SAYRE, M.L.I.S., currently serves as the STEM Librarian at Thompson Rivers University in 
British Columbia, Canada. Previously he served as a Health Sciences Librarian at the University of British 
Columbia and the University of Minnesota. Mr. Sayre has published and presented extensively on how 
academic librarians can support rigorous and reproducible research and has led initiatives supporting 
research commercialization and introductory computational research methods workshops for graduate 
students and faculty. 

 
IDA SIM, PH.D., M.D., is a primary care physician, informatics researcher, and entrepreneur. She is a    
Professor of Medicine at the University of California, San Francisco, where she co-directs Biomedical 
Informatics at UCSF's Clinical and Translational Sciences Institute. Her current research focuses on the use 
of mobile apps and sensors to improve health and manage disease for populations and individuals, and to 
make clinical research faster and less expensive. She is a co-founder of Open mHealth, a non-profit 
organization that is breaking down barriers to mobile health app and data integration through an open 
software architecture. Open mHealth is an official working group of the Institute of Electrical and 
Electronics Engineers (IEEE) Standards Association and is on track to becoming a global IEEE standard. 
In 2005, Dr. Sim was the founding Project Coordinator of the World Health Organization's International 
Clinical Trials Registry Platform, where she led the establishment of the first global policy on clinical trial 
registration and defined the common 20-item Trial Registration Data Set that all registers worldwide adhere 
to. She served on the Institute of Medicine's committee on Strategies of Responsible Sharing of Clinical 
Trial Data and is a co-founder of Vivli, a non-profit organization that is building a global data sharing 
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platform for participant-level clinical trial data. Dr. Sim has served on multiple advisory committees on 
health information infrastructure for clinical care and research, including committees of the National 
Research Council and Institute of Medicine. She is a recipient of the United States Presidential Early Career 
Award for Scientists and Engineers (PECASE), a Fellow of the American College of Medical Informatics, 
and a member of the American Society for Clinical Investigation. 

VALDA VINSON, PH.D., started her career in publishing when she joined the Science staff in 1999. Since 
then, she has handled research papers in the areas of structural biology, biochemistry, and biophysics as an 
Associate, Senior Editor, and Deputy Editor. She has also edited Perspectives and served as a team leader. 
As Editor, Dr. Vinson oversees research content in the areas of biological, life, and social sciences, working 
with these editors to attract and select exciting research papers and reviews, while maintaining high editorial 
standards. She earned an M.Sc. in Chemistry from Durban University in 1987 and a Ph.D. from Johns 
Hopkins University in 1992. Her postdoctoral studies were also undertaken at Johns Hopkins University, 
where she focused on structural and biochemical studies of cytoskeletal proteins. Before joining Science, 
she spent two years as a Senior Lecturer at the University of the Western Cape, South Africa. 
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Speaker Biographies 
KEYNOTE SPEAKER 

MARCIA MCNUTT, PH.D., is a geophysicist and president of the National Academy of Sciences. From 
2013 to 2016, she served as editor-in-chief of the Science family of journals. Prior to joining Science, she 
was director of the U.S. Geological Survey (USGS) from 2009 to 2013. During her tenure, the USGS 
responded to a number of major disasters, including earthquakes in Haiti, Chile, and Japan, and the 
Deepwater Horizon oil spill. Dr. McNutt led a team of government scientists and engineers at BP 
headquarters in Houston who helped contain the oil and cap the well. She directed the flow rate technical 
group that estimated the rate of oil discharge during the spill’s active phase. For her contributions, she was 
awarded the U.S. Coast Guard’s Meritorious Service Medal. 

Before joining the USGS, Dr. McNutt served as president and chief executive officer of the Monterey Bay 
Aquarium Research Institute (MBARI), in Moss Landing, California. During her time at MBARI, the 
institution became a leader in developing biological and chemical sensors for remote ocean deployment, 
installed the first deep-sea cabled observatory in U.S. waters, and advanced the integration of artificial 
intelligence into autonomous underwater vehicles for complex undersea missions. Dr. McNutt began her 
academic career at the Massachusetts Institute of Technology (MIT), where she was the E.A. Griswold 
Professor of Geophysics and directed the Joint Program in Oceanography/Applied Ocean Science & 
Engineering, jointly offered by MIT and the Woods Hole Oceanographic Institution. Her research area is 
the dynamics of the upper mantle and lithosphere on geologic time scales, work that has taken her to distant 
continents and oceans for field observations. She is a veteran of more than a dozen deep-sea expeditions, 
on most of which she was chief or co-chief scientist. Dr. McNutt received a B.A. in physics from Colorado 
College and her Ph.D. in Earth sciences at the Scripps Institution of Oceanography. Her honors include 
membership in the American Philosophical Society and the American Academy of Arts and Sciences. She 
holds honorary doctoral degrees from the Colorado College, the University of Minnesota, Monmouth 
University, and the Colorado School of Mines. In 1988, she was awarded the American Geophysical 
Union’s Macelwane Medal for research accomplishments by a young scientist, and she received the 
Maurice Ewing Medal in 2007 for her contributions to deep-sea exploration. Dr. McNutt served as president 
of the American Geophysical Union (AGU) from 2000 to 2002. She was chair of the Board of Governors 
for Joint Oceanographic Institutions, responsible for operating the International Ocean Discovery 
Program’s vessel JOIDES Resolution and associated research programs. She is a fellow of AGU, the 
Geological Society of America, American Association for the Advancement of Science, and International 
Association of Geodesy. 
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YARIMAR CARRASQUILLO, PH.D., joined the Pain and Integrative Neuroscience Branch of the National 
Center for Complementary and Integrative Health (NCCIH) at the National Institutes of Health (NIH) as 
an Investigator in 2014. In her lab, Dr. Carrasquillo directs a multifaceted, multidisciplinary research 
program focused on delineating the anatomical, molecular and cellular mechanisms that underlie pain 
perception and modulation. Dr. Carrasquillo received her B.S. in Biology from the University of Puerto 
Rico, Rio Piedras and her Ph.D. in Neuroscience from Baylor College of Medicine. She started her scientific 
career by studying the molecular basis of learning and memory as a Minority Biomedical Research Support 
Program (MBRS) Undergraduate Trainee in the lab of Dr. Sandra Peña de Ortiz. She continued studying 
the neural mechanisms underlying behavior during her graduate training in the lab of Dr. Robert W. Gereau 
at Baylor College of Medicine. Her graduate work revealed critical roles for the amygdala in the modulation 
of persistent pain and also demonstrated that the extracellular signal regulated kinase (ERK) plays a role in 
this process. Her postdoctoral studies in the lab of Dr. Jeanne Nerbonne at Washington University School 
of Medicine revealed previously unappreciated molecular and functional diversity of repolarizing voltage-
gated K+ currents in central neurons. 

ARTURO CASADEVALL M.D., PH.D., is a Bloomberg Distinguished Professor and Chair of the Molecular 
Microbiology and Immunology at Johns Hopkins School of Public Health. Previously, he served as 
Director, Division of Infectious Diseases at Montefiore Medical Center and Chair of the Department of 
Microbiology and Immunology at the Albert Einstein College of Medicine. He received his M.D. and Ph.D. 
degrees from New York University and completed his internship/residency in internal medicine at Bellevue 
Hospital. His infectious diseases training was at Montefiore and Einstein. The author of over 780 papers, 
numerous books and chapters, his major research interests are in fungal pathogenesis and the mechanisms 
of antibody action. He is also interested in the problems with scientific enterprise and with collaborators 
showed that misconduct accounts for the majority of retracted publications. He is editor-in-chief of mBio, 
Deputy Editor of the Journal of Clinical Investigation and serves on several numerous editorial boards. He 
has served on several NIH committees including the National Institute of Allergy and Infectious Diseases 
(NIAID) Strategic Plan, the Blue Ribbon Panel on Biodefense Research, the National Academy of Sciences 
panel that reviewed the FBI investigation on anthrax attacks, the NAS Federal Regulations and Reporting 
committee and the National Science Advisory Board for Biosecurity. He was a Commissioner in the 
National Commission on Forensic Science and previously served as President of the Medical Mycology 
Society of the Americas. He is currently the Chair the Board of Governors of the American Academy of 
Microbiology. He has received numerous honors including election to the American Society for Clinical 
Investigation, American Academy of Physicians, American Academy of Microbiology, Fellow of the 
American Academy for the Advancement of Science, American Academy of Arts and Sciences and the 
National Academy of Medicine. 
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AN-WEN CHAN, M.D., is a clinical epidemiologist and Mohs skin cancer surgeon at Women’s College 
Hospital in Toronto, Canada. He is the Phelan Scientist at Women’s College Research Institute, Associate 
Professor of Medicine at University of Toronto, and Director of Transplant Dermatology at University 
Health Network. After obtaining his doctorate as a Rhodes Scholar at University of Oxford, Dr. Chan served 
as Special Advisor to the Canadian Institutes of Health Research and helped coordinate the World Health 
Organization’s International Clinical Trials Registry Platform. His research interests include the 
epidemiology and management of high-risk skin cancer in solid organ transplant recipients, as well as 
addressing issues of transparency and biases in clinical trials. He currently chairs the international Standard 
Protocol Items: Recommendations for Interventional Trials (SPIRIT) initiative to improve the quality of 
clinical trial protocols. 

STEVEN GOODMAN, M.D., PH.D., is an Associate Dean of Clinical and Translational Research and 
Professor of Medicine and of Health Research & Policy, directing Stanford's Clinical and Translational 
Science Award (CTSA)/Spectrum training programs in medical research methods and serving as chief of 
the Division of Epidemiology in Health Research and Policy (HRP). He is co-founder and co-director of 
the Meta-research innovation Center at Stanford (METRICS), a group dedicated to examining and 
improving the reproducibility and efficiency of biomedical research. Dr. Goodman's own research concerns 
the proper measurement, conceptualization and synthesis of research evidence, with particular emphasis on 
Bayesian approaches to quantitation, and qualitative approaches arising from the philosophy of science. He 
is also interested in developing methods to use shared data to confirm and extend published science, as well 
as to explore new hypotheses. He also has worked on the connections between ethics and scientific methods, 
particularly in the domain of interventional research, and policy making. Finally, he has a strong interest in 
developing curricula and new models for teaching the foundations of good scientific practice, from question 
development to proper study design, conduct, analysis and inference. He has been a senior statistical editor 
of Annals of Internal Medicine since 1987 and was Editor of Clinical Trials: Journal of the Society for 
Clinical Trials from 2004-2013. He is Vice-chair of the Methodology Committee of the Patient Centered 
Outcomes Research Institute (PCORI), where he leads their open science and data sharing efforts, and is 
scientific advisor for the national Blue Cross–Blue Shield Technology Assessment Program. He has served 
on numerous Institute of Medicine committees since the mid 1990's, including chairing a 2012 committee 
on drug safety, and as a committee member on sharing data from clinical trials, whose report was released 
in January, 2015. Most recently, he served on an advisory group to the NIH director on the future of the 
National Library of Medicine, and was awarded the 2016 Spinoza Chair in Medicine from the University 
of Amsterdam. From 1989-2011, Steve served on the faculties of the Johns Hopkins Schools of Medicine 
and Public Health, where he was co-director of the doctoral program in Epidemiology and member (1989-
2011) and then director (2007-2011) of the Johns Hopkins cancer center’s Division of Biostatistics and 
Bioinformatics. At Hopkins, he taught courses on Systematic reviews and Meta-analysis, Diagnostic and 
prognostic testing, and several courses on epidemiologic, clinical research and inferential methods. He 
received an A.B. from Harvard University, majoring in Biochemistry and Applied Math, an M.D. from 
New York University, trained in pediatrics at Washington University in St. Louis, and received a master’s 
degree in Biostatistics and Ph.D. in Epidemiology from Johns Hopkins University. 
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MAGALI HAAS, M.D., PH.D., founded Orion Bionetworks in July 2012 and serves as its Chief Executive 
Officer and President. Orion Bionetworks was transformed to Cohen Veterans Bioscience in 2015 to 
specifically dedicate research to improving the detection and treatment of post-traumatic stress (PTS) and 
traumatic brain injury (TBI) and related co-morbidities so that the burden of these conditions may be 
lessened on service members, veterans, and their families. Dr. Haas has over 15 years of pharmaceutical 
executive and clinical research experience, predominantly at Johnson & Johnson, where she assumed broad 
end-to-end development leadership roles in medical marketing, full clinical development, early 
development, and translational and biomarker sciences in psychiatry and neurology. She successfully filed 
new drug applications in the U.S. and Europe for risperidone indications in Autism, Adolescent 
Schizophrenia, Juvenile Bipolar Disorder, and Conduct Disorders. She also led Development Teams 
evaluating compounds for Depression, Neuropathic Pain, Epilepsy, and Migraine Disorder. She served 3 
years as Chief Science and Technology Officer for One Mind for Research, a nonprofit organization 
launched in May 2012 by Patrick J. Kennedy. She orchestrated the launch of One Mind’s seminal programs, 
Apollo, an informatics research portal, and Gemini, an international TBI/PTSD research program. As an 
“intrapreneur” at Johnson & Johnson, she established the first Neuroscience Translational Medicine & 
Integrative Solutions department, and co-founded the first Companion Diagnostics Center of Excellence as 
well as J&J’s Healthcare Innovation team. She serves on several advisory boards including Brain Canada, 
Prophase, Pear Therapeutics, Partnership for Assessment and Accreditation of Scientific Practice (PAASP), 
and IMEC for nanoelectronics. Dr. Haas earned her B.S. in bioengineering from the University of 
Pennsylvania, an M.S. in biomedical engineering from Rutgers University, New Jersey, and her M.D., 
Ph.D. with distinction in neuroscience from Albert Einstein College of Medicine, New York. 

MICHAEL KEISER, PH.D., is a Chan Zuckerberg Initiative Ben Barres Investigator and an Allen Frontiers 
Group Distinguished Investigator. He is an Assistant Professor at University of California San Francisco 
(UCSF) in the Dept. of Pharmaceutical Chemistry and the Institute for Neurodegenerative Diseases, with 
appointments in the Dept. of Bioengineering & Therapeutic Sciences and the Bakar Computational Health 
Sciences Institute. Before this, Dr. Keiser co-founded a startup bringing systems pharmacology methods he 
developed to the pharmaceutical industry and the U.S. Food and Drug Administration (FDA), where they 
are in use today. He holds multiple degrees from Stanford, including a B.Sc. in Computer Science. The 
Keiser lab combines machine learning and chemical biology methods to investigate how drug-like small 
molecules perturb protein networks to achieve their therapeutic effects. 

MALCOLM MACLEOD, M.B. Ch.B., Ph.D., F.R.C.P. Ed. is a Professor in Neurology and Translational 
Neuroscience at the Centre for Clinical Brain Sciences, University of Edinburgh. After training in Internal 
Medicine, his Ph.D. concerned the neuroprotective actions of tacrolimus (FK506) and post-doctoral work 
in the Seckl lab defined a neuroprotective role for increased expression of the mineralocorticoid receptor. 
During a pivotal sabbatical year with Dr. Geoffrey Donnan at the National Stroke Research Institute in 
Melbourne, he began an involvement with stroke clinical trials, and it was in an effort to identify suitable 
drugs for such clinical trials that he began to develop techniques to allow the systematic review and meta-
analysis of data from animal studies. In 2004 he founded, with Dr. David Howells, the Collaborative 
Approach to Meta-analysis and Review of Animal Data from Experimental Studies (CAMARADES, 
www.camarades.info). This approach has proved fruitful both in highlighting problems with in vivo 
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research and in providing evidence for clinical trial design. He was an author in The Lancet series on 
increasing value and reducing waste in biomedical research, and current work focusses on developing and 
evaluating strategies for research improvement. This includes evaluation of the impact of different 
strategies used by publishers to improve reporting. More recently he is a member of the recently formed 
U.K. Reproducibility Network; and Academic Coordinator of the European Quality In Preclinical Data 
(EQIPD) Innovative Medicines Initiative project. He chairs the Program Committee for the 2020 
REWARD-EQUATOR conference hosted by QUEST Centre Berlin. 

BRIAN NOSEK. PH.D., is co-Founder and Executive Director of the Center for Open Science (COS) 
(http://cos.io/) that operates the Open Science Framework (OSF) (http://osf.io/)--a collaborative 
management service for registering studies and archiving and sharing research materials and data. COS is 
enabling open and reproducible research practices worldwide. Dr. Nosek is also a Professor in the 
Department of Psychology at the University of Virginia. He received his Ph.D. from Yale University in 
2002. He co-founded Project Implicit (http://projectimplicit.net/), a multi-university collaboration for 
research and education investigating implicit cognition--thoughts and feelings that occur outside of 
awareness or control. Dr. Nosek investigates the gap between values and practices, such as when behavior 
is influenced by factors other than one's intentions and goals. Research applications of this interest include 
implicit bias, decision-making, attitudes, ideology, morality, innovation, barriers to change, open science, 
and reproducibility. In 2015, he was named one of Nature's 10 and to the Chronicle for Higher Education 
Influence list. 

MELISSA L. RETHLEFSEN, M.S.L.S., A.H.I.P., joined the University of Florida George A. Smathers 
Libraries as a tenured University Librarian, Associate Dean, and Fackler Director, Health Science Center 
Libraries in 2018. Prior to coming to the University of Florida, Ms. Rethlefsen was the Executive Director 
(Interim) of the Spencer S. Eccles Health Sciences Library at the University of Utah, where she also was 
the Section Director for the Center for Clinical and Translational Sciences' Systematic Review Core and 
the Director of the MidContinental Region of the National Network of Libraries of Medicine. Ms. 
Rethlefsen's recent work focuses on the reproducibility of systematic review search strategies. She is 
currently leading an international effort to create the Preferred Reporting Items for Systematic reviews and 
Meta-Analysis Search extension (PRISMA-S), a reporting guideline extension for search strategies. At the 
University of Utah, Ms. Rethlefsen spearheaded an institutional effort to enhance the reproducibility of 
research. This effort included two national conferences, Research Reproducibility 2016 and Research 
Reproducibility 2018: Building Research Integrity through Reproducibility. She also led the development 
of a year-long weekly interdisciplinary seminar series and formed a campus-wide Reproducibility Coalition 
to help influence change at the institutional level. She continues these efforts at the University of Florida, 
where she is planning to host the third Research Reproducibility conference, Educating for Reproducibility, 
in March 2020. She completed her undergraduate degree in History and English at the University of 
Minnesota, and her master's degree from the University of North Texas. She has also held positions at the 
Mayo Clinic Libraries, Minnesota Department of Health RN Barr Library, and the University of Minnesota 
Bio-Medical Library. She was a 2016/2017 Association of Academic Health Sciences Libraries/National 
Library of Medicine Leadership Fellow. For her work, Ms. Rethlefsen was named Estelle Brodman 
Academic Medical Librarian of the Year in 2015 by the Medical Library Association. 
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SHAI SILBERBERG, PH.D., is the Director of Research Quality at the NIH National Institute of Neurological 
Disorders and Stroke (NINDS) leading the Institute efforts to increase the excellence of science and the 
completeness of research reporting. In addition, Dr. Silberberg is a Program Director at NINDS overseeing 
basic research related to ion channels and transporters. Prior to joining NINDS, Dr. Silberberg was an 
Associate Professor at Ben-Gurion University of the Negev in Israel, investigating the biophysical functions 
and physiological roles of various ion channels 

SOWMYA SWAMINATHAN, PH.D., is Head of Editorial Policy & Research Integrity for the Nature Research 
journals at Springer Nature where she is responsible for editorial policy development including in areas of 
research integrity and reproducibility. Prior to current position, Dr. Swaminathan was Chief Editor at Nature 
Cell Biology where she was responsible for developing content strategy, evolving and establishing editorial 
policy and peer review processes. She is committed to advancing transparency, quality, and integrity in 
scholarly publishing. 

GEETA SWAMY, M.D., is an associate professor of Obstetrics & Gynecology, Division of Maternal-Fetal 
Medicine at Duke University and serves as associate vice provost and vice dean for scientific integrity for 
Duke University and the School of Medicine, respectively. Dr. Swamy works with leaders across campus 
to provide a consistent University vision for scientific integrity standards and expectations and drives efforts 
to ensure the advancement of a culture of integrity in research. She oversees the Duke Office of Scientific 
Integrity, which includes the Advancing Scientific Integrity, Services, & Training (ASIST) initiative, 
financial conflict of interest, clinical quality management program, misconduct in research, and the 
institutional research incident response committee. A highly accomplished clinician-scientist, Dr. Swamy 
specializes in perinatal infection and maternal immunization. She is the principal investigator on numerous 
grants from the NIH, CDC, and industry sponsors and has published more than 100 articles. She received 
her medical degree from the University of North Carolina at Chapel Hill and completed residency training 
in obstetrics and gynecology at the University of Pittsburgh and a fellowship in Maternal-Fetal Medicine 
at Duke University. 

CARRIE WOLINETZ, PH.D., is Acting Chief of Staff and Associate Director for Science Policy at the Office 
of the Director (OD) at NIH. She advises the NIH Director on science policy matters of significance to the 
agency, the research community, and the public, on a wide range of issues including human subjects 
protections, biosecurity, biosafety, genomic data sharing, regenerative medicine, the organization and 
management of NIH, and the outputs and values of NIH-funded research. Prior to joining NIH, Dr. Wolinetz 
worked on biomedical research policy issues as the Deputy Director for Federal Affairs at the Association 
of American Universities (AAU) and the Director of Scientific Affairs and Public Relations at the 
Federation of American Societies for Experimental Biology (FASEB). She also served as the President of 
United for Medical Research, a leading NIH advocacy coalition. Outside of NIH, Dr. Wolinetz teaches as 
an Adjunct Assistant Professor at Georgetown University in the School of Foreign Service’s program on 
Science, Technology & International Affairs. She has a B.S. in animal science from Cornell University, 
and she received her Ph.D. in animal science from The Pennsylvania State University, where her area of 
research was reproductive physiology. 
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Selected Guidelines for Transparent Reporting 
The purpose of this document is to help inform workshop discussions on improving the harmonization of guidelines for transparent reporting across 

journals and funding agencies so that biomedical researchers propose and report data in a consistent manner. This discussion document was compiled 

based on criteria described in the Transparency and Openness Promotion (TOP) guidelines (see https://cos.io/top/), the National Academies report on 

Reproducibility and Replicability in Science (see https://www.nap.edu/catalog/25303/reproducibility-and-replicability-in-science), and the NIH policy 

on Enhancing Reproducibility through Rigor and Transparency (see https://grants.nih.gov/policy/reproducibility/index.htm). Each of the guidelines 

summarized below has a different scope and purpose.  

Rather than a comprehensive comparison of the several guidelines, this document indicates the criteria related to transparent reporting that are 

covered by the various guidelines. It is intended as a background for the workshop discussion. 

Brief Description of Guidelines Summarized 
 The Animal Research: Reporting In Vivo Experiments (ARRIVE) guidelines recommend criteria for the reporting of primary research using 

animals. The guidelines were based on the CONSORT guidelines, but cover diverse study types. They were developed by the National Centre 

for the Replacement, Refinement and Reduction of Animals in Research (NC3Rs); and were first published in PLOS Biology in 2010. The 

ARRIVE guidelines are currently being revised; a preprint of the revised ARRIVE guidelines and the accompanying Explanation and 

Elaboration document are available on BioRxiv, respectively at https://www.biorxiv.org/content/10.1101/703181v1 and at  

https://www.biorxiv.org/content/10.1101/703355v1. 

 The Consolidated Standards of Reporting Trials (CONSORT) statement recommends information to include when reporting a randomized trial, 

was developed by an international group of trialists, methodologists, and medical journal editors; and was first published in JAMA in 1996 and 

last revised in 2010 and published in multiple journals. For more information, see http://www.consort-statement.org/. 

 The DRAFT Materials, Design, Analysis, Reporting (MDAR) checklist for authors represents a generic set of minimum requirements applicable 

to all reporting studies in the life sciences for the explicit purpose of increasing transparent reporting and reproducibility, developed by the 

MDAR working group specifically seeking common reporting points from across multiple journals. The checklist is being pilot tested by 

volunteer journals, and therefore has not been published, at the time of this writing. The statement of task is available at 

https://osf.io/preprints/metaarxiv/9sm4x/.  

 National Institutes of Health (NIH) policies: 

o “Data Sharing” policy, developed by the NIH, to encourage data generated with NIH funding be shared as widely and freely available 

as possible while still safeguarding participant privacy and confidential/proprietary data. The policy requires a data sharing plan for final 
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research data generated on grants of $500,000 or more, and was implemented in 2003. For more information, see 

https://grants.nih.gov/grants/policy/data_sharing/. 

o “Dissemination of NIH-Funded Clinical Trial Information” policy, developed by the NIH and implemented in 2017, mandates that all 

clinical trials funded in part or in whole by NIH must be registered at ClinicalTrials.gov. The policy also requires that summary results 

be posted to ClinicalTrials.gov. For more information, see https://grants.nih.gov/grants/guide/notice-files/not-od-16-149.html. 

o “Enhancing Reproducibility through Rigor and Transparency” policy, developed by the NIH, to clarify expectations for grantees and 

reviewers in describing or assessing proposed studies in applications and progress reports, announced in 2015 and implemented in 2016. 

For more information, see https://grants.nih.gov/policy/reproducibility/index.htm. 

 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement recommends an evidence-based minimum set 

of reporting elements for systematic reviews and meta-analyses; was developed by an international group, and was first published in 2009 in 

multiple journals (PLOS Medicine, Annals of Internal Medicine, BMJ, Journal of Clinical Epidemiology, and Open Medicine). For more 

information, see http://www.prisma-statement.org/.  

 The Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) statement, developed by an international collaboration of 

trialists, methodologists, journal editors, and ethicists, recommends minimum content to include in clinical trial protocols, from study enrollment 

through closeout, first published in the Annals of Internal Medicine and BMJ in 2013. For more information, see: https://www.spirit-

statement.org/ 

 The Transparency and Openness Promotion (TOP) guidelines describe eight modular standards of transparency that journals can select from to 

introduce policy and best practices at their publication; was developed by the Center for Open Science with input from journals, funders, and 

professional societies; and was first published in Science in 2015. See https://cos.io/top for information about TOP, including a summary table 

and links to complete policy language.   
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Legend 

Criterion Covered 

Criterion Partially Covered 

Criterion Not Covered 

ARRIVE  

primary 

research in 

animals 

CONSORT  

randomized 

trials 

DRAFT 
MDAR 

compilation 

of multiple 

life science 

journals 

NIH policies1 

pre-clinical 

& clinical 

research 

PRISMA  

meta-

analyses 

SPIRIT  

clinical trial 

protocols 

TOP 

Guidelines 

modular 

publishing 

standards 

 

STUDY CHARACTERISTICS 

Code availability2        

Data availability2,3        

Data citation2,3        

STUDY METHODS 

Analytical methods: attrition, statistical 

precision, statistical power2,3 
       

Plan for analytical decisions/pre-

registration2,3 
       

Animal use/sex as a biologic variable4        

Details of in-laboratory study replication3        

Details of study methods, computation, and 

associated parameters2,3 
       

Ethics2, 5        

Information on computational environment 

(e.g., operating system, library 

dependencies)3 

       

Materials availability discussed2,3        

Material authentication required4        

Methods and protocols2,3,4        

Sample definition2        
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RESULTS & DISCUSSION 

Adherence to community standards2        

Discussion of uncertainty3        

Discussion on generality constraints3        

Discuss/assess rigor of prior research4        

Dual Use Research of Concern*        

 

1. NIH policies represented include: Data Sharing Policy, Dissemination of NIH-Funded Clinical Trial Information, and Rigor and Transparency 

2. Based on criteria described in the Transparency and Openness Promotion (TOP) guidelines, https://cos.io/top 

3. Based on criteria described in the National Academies report, Reproducibility and Replicability in Science 

4. Based on criteria described in the NIH policy on Enhancing Reproducibility through Rigor and Transparency 

5. Covered by multiple NIH policies and offices, including Human Subjects Research policies and the NIH Office of Laboratory Animal Welfare 

 Covered by US Government Policy for Institutional Oversight of Life Sciences Dual Use Research of Concern 
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Consensus Study Report
HIGHLIGHTSMay 2019

Reproducibility and Replicability in Science

One of the pathways by which the scientific community confirms the validity of 
a new scientific discovery is by repeating the research that produced it. When a 
scientific effort fails to independently confirm the computations or results of a 
previous study, some fear that it may be a symptom of a lack of rigor in science, 
while others argue that such an observed inconsistency can be an important 
precursor to new discovery. 

Concerns about reproducibility and replicability have been expressed in both sci-
entific and popular media. As these concerns came to light, Congress requested 
that the National Academies of Sciences, Engineering, and Medicine conduct 
a study to assess the extent of issues related to reproducibility and replicability 
and to offer recommendations for improving rigor and transparency in scientific 
research.

The National Academies’ study resulted in a report, Reproducibility and Replicability 
in Science (2019), that offers definitions of reproducibility and replicability and 
examines the factors that may lead to non-reproducibility and non-replicability 
in research. While reproducibility is straightforward and should generally be 
expected, the report says, replicability is more nuanced, and in some cases a lack 
of replicability can aid the process of scientific discovery. The report provides recommendations to researchers, 
academic institutions, journals, and funders on steps they can take to improve reproducibility and replicability 
in science.

DEFINING REPRODUCIBILITY AND REPLICABILITY  

The terms “reproducibility” and “replicability” are often used interchangeably, but the report uses each term 
to refer to a separate concept. 

Reproducibility means computational reproducibility—obtaining consistent computational results using the 
same input data, computational steps, methods, code, and conditions of analysis. 
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Replicability means obtaining consistent results across studies aimed at answering the same scientific question, 
each of which has obtained its own data.    

In short, reproducing research involves using the original data and code, while replicating research involves 
new data collection and similar methods used by previous studies. These two processes also differ in the type 
of results that should be expected. In general, when a researcher transparently reports a study and makes avail-
able the underlying digital artifacts, such as data and code, the results should be computationally reproducible. 
In contrast, even when a study was rigorously conducted according to best practices, correctly analyzed, and 
transparently reported, it may fail to be replicated.  

REPRODUCIBILITY 

The committee’s definition of reproducibility focuses on computation because most scientific and engineering 
research disciplines use computation as a tool, and the abundance of data and widespread use of computation 
have transformed many disciplines. However, this revolution is not yet uniformly reflected in how scientists use 
software and how scientific results are published and shared. These shortfalls have implications for reproducibil-
ity, because scientists who wish to reproduce research may lack the information or training they need to do so. 

When results are produced by complex computational processes using large volumes of data, the traditional 
methods section of a scientific paper is insufficient to convey the necessary information for others to reproduce 
the results. Additional information related to data, code, models, and computational analysis is needed. 

To help ensure the reproducibility of computational results, researchers should convey clear, specific, and com-
plete information about any computational methods and data products that support their published results in 
order to enable other researchers to repeat the analysis. 

If sufficient data, code, and description of methods are available and a second researcher follows the methods 
described by the first researcher, one expects in many cases full bitwise reproduction of the original results— 
obtaining the same exact numeric values. For some research questions, bitwise reproduction may not be attain-
able and reproducible results could be obtained within an accepted range of variation. 

How common is non-reproducibility in research? The evidence base is incomplete, and determining the extent of 
issues related to computational reproducibility across or within fields of science would be a massive undertaking 
with a low probability of success. However, a number of systematic efforts to reproduce computational results 
across a variety of fields have failed in more than half of the attempts made—mainly due to insufficient detail on 
digital artifacts such as data, code, and computational workflow. 

REPLICABILITY 

One important way to confirm or build on previous results is to follow the same methods, obtain new data, and 
see if the results are consistent with the original. A successful replication does not guarantee that the original 
scientific results of a study were correct, however, nor does a single failed replication conclusively refute the 
original claims.  

Non-replicability can arise from a number of sources. The committee classified sources of non-replicability into 
those that are potentially helpful to gaining knowledge, and those that are unhelpful. 

Potentially helpful sources of non-replicability include inherent but uncharacterized uncertainties in the system 
being studied. These sources of non-replicability are a normal part of the scientific process, due to the intrinsic 
variation or complexity in nature, the scope of current scientific knowledge, and the limits of our current tech-
nologies. In such cases, a failure to replicate may lead to the discovery of new phenomena or new insights about 
variability in the system being studied. 

In other cases, non-replicability is due to shortcomings in the design, conduct, and communication of a study. 
Whether arising from lack of knowledge, perverse incentives, sloppiness, or bias, these unhelpful sources of 
non-replicability reduce the efficiency of scientific progress. 

Unhelpful sources of non-replicability can be minimized through initiatives and practices aimed at improving 
research design and methodology through training and mentoring, repeating experiments before publication, 
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rigorous peer review, utilizing tools for checking analysis and results, and better transparency in reporting. Efforts 
to minimize avoidable and unhelpful sources of non-replicability warrant continued attention.

Researchers who knowingly use questionable research practices with the intent to deceive are committing mis-
conduct or fraud. It can be difficult in practice to differentiate between honest mistakes and deliberate miscon-
duct, because the underlying action may be the same while the intent is not. Scientific misconduct in the form 
of misrepresentation and fraud is a continuing concern for all of science, even though it accounts for a very small 
percentage of published scientific papers. 

IMPROVING REPRODUCIBILITY AND REPLICABILITY IN RESEARCH

The report recommends a range of steps that stakeholders in the research enterprise should take to improve 
reproducibility and replicability, including:

•	 All researchers should include a clear, specific, and complete description of how the reported results were 
reached. Reports should include details appropriate for the type of research, including: 

◊	 a clear description of all methods, instruments, materials, procedures, measurements, and other variables 
involved in the study;

◊	 a clear description of the analysis of data and decisions for exclusion of some data or inclusion of other;

◊	 for results that depend on statistical inference, a description of the analytic decisions and when these 
decisions were made and whether the study is exploratory or confirmatory;

◊	 a discussion of the expected constraints on generality, such as which methodological features the authors 
think could be varied without affecting the result and which must remain constant;

◊	 reporting of precision or statistical power; and

◊	 discussion of the uncertainty of the measurements, results, and inferences.

•	 Funding agencies and organizations should consider investing in research and development of open-source, 
usable tools and infrastructure that support reproducibility for a broad range of studies across different 
domains in a seamless fashion. Concurrently, investments would be helpful in outreach to inform and train 
researchers on best practices and how to use these tools. 

•	 Journals should consider ways to ensure computational reproducibility for publications that make claims 
based on computations, to the extent ethically and legally possible. 

•	 The National Science Foundation should take steps to facilitate the transparent sharing and availability of 
digital artifacts, such as data and code, for NSF-funded studies—including developing a set of criteria for 
trusted open repositories to be used by the scientific community for objects of the scholarly record, and 
endorsing or considering the creation of code and data repositories for long-term archiving and preservation 
of digital artifacts that support claims made in the scholarly record based on NSF-funded research, among 
other actions.

Additional recommendations, along with detail on those included above, can be found in the report.

CONFIDENCE IN SCIENCE

Replicability and reproducibility, useful as they are in building confidence in scientific knowledge, are not the 
only ways to gain confidence in scientific results. Multiple channels of evidence from a variety of studies provide 
a robust means for gaining confidence in scientific knowledge over time. Research synthesis and meta-analysis, 
for example, are valuable methods for assessing the reliability and validity of bodies of research. A goal of science 
is to understand the overall effect from a set of scientific studies, not to strictly determine whether any one study 
has replicated any other.  

The committee was asked to consider if lack of replication and reproducibility impacts the public’s perception 
of science. The committee was not aware of data that would directly answer that question, and coverage of the 
issue in public media remains low. Regardless, the report notes that scientists and journalists bear responsibility 
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For More Information . . . This Consensus Study Report Highlights was prepared by the Board on Behavioral, 
Cognitive, and Sensory Sciences based on the Consensus Study Report Reproducibility and Replicability in Science 
(2019). The study was sponsored by the Alfred P. Sloan Foundation and the National Science Foundation. Any 
opinions, findings, conclusions, or recommendations expressed in this publication do not necessarily reflect the 
views of any organization or agency that provided support for the project. Copies of the Consensus Study Report 
are available from the National Academies Press, (800) 624-6242; http://www.nas.edu/ReproducibilityinScience.

for misrepresentation in the public’s eye when they overstate or otherwise misrepresent the implications of sci-
entific research. The report offers the following recommendations:

•	 Scientists should take care to avoid overstating the implications of their research, exercised also in their 
review of press releases, especially when the results bear directly on matters of keen public interest and 
possible action.

•	 Journalists should report on scientific results with as much context and nuance as the medium allows. In 
covering issues related to replicability and reproducibility, journalists should help their audiences understand 
the differences between non-reproducibility and non-replicability due to fraudulent conduct of science, and 
instances in which the failure to reproduce or replicate may be due to evolving best practices in methods 
or inherent uncertainty in science. 
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10 Things to Know About 
Reproducibility and Replicability 

One of the pathways by which the scientific community confirms the validity of a new scientific 
discovery is by repeating the research that produced it. When a scientific effort fails to independently 
confirm the computations or results of a previous study, some argue that such an observed inconsistency 
can be an important precursor to new discovery while others fear it may be a symptom of a lack of rigor in 
science. When a newly reported scientific study has far-reaching implications for science or a major, potential 
impact on the public, the question of its reliability takes on heightened importance. 

 

1 The terms reproducibility and replicability take on 
a range of meanings in contemporary usage. The report 
distinguishes and defines the terms as follows: Reproducibility 
means obtaining consistent results using the same input data, 
computational steps, methods, and conditions of analysis; it is 
synonymous with computational reproducibility. Replicability 
means obtaining consistent results across studies aimed at 
answering the same scientific question, each of which has 
obtained its own data. 

 

2 Reproducibility and replicability matter. Reproducibility 
and replicability are often cited as hallmarks of good science. Being 
able to reproduce the computational results of another researcher 
starting with the same data and replicating a previous study to test 
its results facilitate the self-correcting nature of science. 

6 Not all studies can be replicated. While scientists are 
able to test for replicability of most studies, it is impossible to do 
so for studies of ephemeral phenomena. 

 

7 One type of scientific research tool, statistical 
inference, has an outsized role in replicability discussions 
due to the frequent misuse of statistics and the use of a 
p-value threshold for determining “statistical significance.” 
Biases in published research can occur due to the excess reliance 
on and misunderstanding of statistical significance. 

 

8 Examining replicability becomes especially important 
when new findings have strong implications for individual 
health and well-being, policy choices, or the future course 
of scientific research. 

3 Computational reproducibility is more prominent now 
than ever because of the growth in reliance on computing 
across all of science. When a researcher reports a study and 
makes the underlying data and code available, those results 
should be computationally reproducible by another researcher. 

 

9 Beyond reproducibility and replicability, systematic 
reviews and syntheses of scientific evidence are among the 
important ways to gain confidence in scientific results. 

 
 
4 A successful replication does not guarantee that the 
original scientific results of a study were correct, nor 
does a single failed replication conclusively refute the 
original claims. Unlike the typical expectation of reproducibility 
between two computations, expectations about replicability are 
more nuanced. 

10 Academic institutions, journals, conference 
organizers, funding organizations, and policy makers can 
all play a role in improving the reproducibility and 
replicability of research. Responsibility begins with 
researchers, who should take care to estimate and explain 
the uncertainty inherent in their results and inferences, 
make proper use of statistical methods, and describe their 
methods and data in a clear, accurate, and complete way. 

5 Occasionally, non-replicability may be caused by 
helpful sources that advance scientific knowledge, such 
as discovering previously unknown effects or sources of 
variability. At other times, a study cannot be replicated 
due to unhelpful sources, ranging from simple mistakes to 
methodological errors to bias and fraud. 

 
Reproducibility and Replicability in Science 

is available at www.nap.edu/25303. 
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In the last decade the number of

bioscience journals has increased enor-

mously, with many filling specialised niches

reflecting new disciplines and technologies.

The emergence of open-access journals has

revolutionised the publication process,

maximising the availability of research

data. Nevertheless, a wealth of evidence

shows that across many areas, the reporting

of biomedical research is often inadequate,

leading to the view that even if the science is

sound, in many cases the publications

themselves are not ‘‘fit for purpose,’’

meaning that incomplete reporting of

relevant information effectively renders

many publications of limited value as

instruments to inform policy or clinical

and scientific practice [1–21]. A recent

review of clinical research showed that

there is considerable cumulative waste of

financial resources at all stages of the

research process, including as a result of

publications that are unusable due to poor

reporting [22]. It is unlikely that this issue is

confined to clinical research [2–14,16–20].

Failure to describe research methods

and to report results appropriately there-

fore has potential scientific, ethical, and

economic implications for the entire re-

search process and the reputation of those

involved in it. This is particularly true for

animal research, one of the most contro-

versial areas of science. The largest and

most comprehensive review of published

animal research undertaken to date, to our

knowledge, has highlighted serious omis-

sions in the way research using animals is

reported [5]. The survey, commissioned

by the National Centre for the Replace-

ment, Refinement and Reduction of

Animals in Research (NC3Rs), a UK

Government-sponsored scientific organi-

sation, found that only 59% of the 271

randomly chosen articles assessed stated

the hypothesis or objective of the study,

and the number and characteristics of the

animals used (i.e., species/strain, sex, and

age/weight). Most of the papers surveyed

did not report using randomisation (87%)

or blinding (86%) to reduce bias in animal

selection and outcome assessment. Only

70% of the publications that used statisti-

cal methods fully described them and

presented the results with a measure of

precision or variability [5]. These findings

are a cause for concern and are consistent

with reviews of many research areas,

including clinical studies, published in

recent years [2–22].

Good Reporting Is Essential for
Peer Review and to Inform
Future Research

Scrutiny by scientific peers has long

been the mainstay of ‘‘quality control’’ for

the publication process. The way that

experiments are reported, in terms of the

level of detail of methods and the presen-

tation of key results, is crucial to the peer

review process and, indeed, the subse-

quent utility and validity of the knowledge

base that is used to inform future research.

The onus is therefore on the research

community to ensure that their research

articles include all relevant information to

allow in-depth critique, and to avoiding

duplicating studies and performing redun-

dant experiments. Ideally scientific publi-

cations should present sufficient informa-

tion to allow a knowledgeable reader to

understand what was done, why, and how,

and to assess the biological relevance of

the study and the reliability and validity of

the findings. There should also be enough

information to allow the experiment to be

repeated [23]. The problem therefore is

how to ensure that all relevant information

is included in research publications.

Using Reporting Guidelines
Measurably Improves the
Quality of Reporting

Evidence provided by reviews of pub-

lished research suggests that many re-

searchers and peer reviewers would benefit

from guidance about what information

should be provided in a research article.

The CONSORT Statement for rando-

mised controlled clinical trials was one of

the first guidelines developed in response

to this need [24,25]. Since publication, an

increasing number of leading journals

have supported CONSORT as part of

their instructions to authors [26,27]. As a

result, convincing evidence is emerging

that CONSORT improves the quality and

transparency of reports of clinical trials

[28,29].

Following CONSORT, many other

guidelines have been developed—there

are currently more than 90 available for

reporting different types of health re-

search, most of which have been published

in the last ten years (see http://www.

equator-network.org and references

[30,31]). Guidelines have also been devel-

oped to improve the reporting of other

specific bioscience research areas includ-
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ing metabolomics and gene expression

studies [32–37]. Several organisations

support the case for improved reporting

and recommend the use of reporting

guidelines, including the International

Committee of Medical Journal Editors,

the Council of Science Editors, the

Committee on Publication Ethics, and

the Nuffield Council for Bioethics [38–41].

Improving the Reporting of
Animal Experiments—The
ARRIVE Guidelines

Most bioscience journals currently pro-

vide little or no guidance on what

information to report when describing

animal research [42–50]. Our review

found that 4% of the 271 journal articles

assessed did not report the number of

animals used anywhere in the methods or

the results sections [5]. Reporting animal

numbers is essential so that the biological

and statistical significance of the experi-

mental results can be assessed or the data

reanalysed, and is also necessary if the

experimental methods are to be repeated.

Improved reporting of these and other

details will maximise the availability and

utility of the information gained from

every animal and every experiment, pre-

venting unnecessary animal use in the

future. To address this, we led an initiative

to produce guidelines for reporting animal

research. The guidelines, referred to as

ARRIVE (Animals in Research: Report-

ing In Vivo Experiments), have been

developed using the CONSORT State-

ment as their foundation [24,25].

The ARRIVE guidelines consist of a

checklist of 20 items describing the

minimum information that all scientific

publications reporting research using ani-

mals should include, such as the number

and specific characteristics of animals used

(including species, strain, sex, and genetic

background); details of housing and hus-

bandry; and the experimental, statistical,

and analytical methods (including details

of methods used to reduce bias such as

randomisation and blinding). All the items

in the checklist have been included to

promote high-quality, comprehensive re-

porting to allow an accurate critical review

of what was done and what was found.

Consensus and consultation are the

corner-stones of the guideline development

process [51]. To maximise their utility, the

ARRIVE guidelines have been prepared in

consultation with scientists, statisticians,

journal editors, and research funders. We

convened an expert working group, com-

prising researchers and statisticians from a

range of disciplines, and journal editors

from Nature Cell Biology, Science, Laboratory

Animals, and the British Journal of Pharmacol-

ogy (see Acknowledgments). At a one-day

meeting in June 2009, the working group

agreed the scope and broad content of a

draft set of guidelines that were then used as

the basis for a wider consultation with the

scientific community, involving research-

ers, and grant holders and representatives

of the major bioscience funding bodies

including the Medical Research Council,

Wellcome Trust, Biotechnology and Bio-

logical Sciences Research Council, and

The Royal Society (see Table 1). Feedback

on the content and wording of the items

was incorporated into the final version of

the checklist. Further feedback on the

content utility of the guidelines is encour-

aged and sought.

The ARRIVE guidelines (see Table 2)

can be applied to any area of bioscience

research using laboratory animals, and the

inherent principles apply not only to

reporting comparative experiments but

also to other study designs. Laboratory

animal refers to any species of animal

undergoing an experimental procedure in

a research laboratory or formal test

setting. The guidelines are not intended

to be mandatory or absolutely prescriptive,

nor to standardise or formalise the struc-

ture of reporting. Rather they provide a

checklist that can be used to guide authors

preparing manuscripts for publication,

and by those involved in peer review for

quality assurance, to ensure completeness

and transparency.

Improved Reporting Will
Maximise the Output of
Published Research

These guidelines were developed to

maximise the output from research using

animals by optimising the information that

is provided in publications on the design,

conduct, and analysis of the experiments.

The need for such guidelines is further

illustrated by the systematic reviews of

animal research that have been carried out

to assess the efficacy of various drugs and

interventions in animal models [8,9,13,52–

55]. Well-designed and -reported animal

studies are the essential building blocks

from which such a systematic review is

constructed. The reviews have found that,

in many cases, reporting omissions, in

addition to the limitations of the animal

models used in the individual studies

assessed in the review, are a barrier to

reaching any useful conclusion about the

efficacy of the drugs and interventions

being compared [2,3].

Driving improvements in reporting

research using animals will require the

collective efforts of authors, journal edi-

tors, peer reviewers, and funding bodies.

There is no single simple or rapid solution,

but the ARRIVE guidelines provide a

practical resource to aid these improve-

ments. The guidelines will be published in

several leading bioscience research jour-

nals simultaneously [56–60], and publish-

ers have already endorsed the guidelines

by including them in their journal Instruc-

tions to Authors subsequent to publication.

The NC3Rs will continue to work with

journal editors to extend the range of

journals adopting the guidelines, and with

the scientific community to disseminate

the guidelines as widely as possible

(http://www.nc3rs.org.uk/ARRIVE).
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Table 2. Animal Research: Reporting In Vivo experiments: The ARRIVE guidelines.

ITEM RECOMMENDATION

TITLE 1 Provide as accurate and concise a description of the content of the article as possible.

ABSTRACT 2 Provide an accurate summary of the background, research objectives (including details of the species or
strain of animal used), key methods, principal findings, and conclusions of the study.

INTRODUCTION

Background 3 a. Include sufficient scientific background (including relevant references to previous work) to understand
the motivation and context for the study, and explain the experimental approach and rationale.
b. Explain how and why the animal species and model being used can address the scientific objectives
and, where appropriate, the study’s relevance to human biology.

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or specific hypotheses being
tested.

METHODS

Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.g. Animal [Scientific Procedures]
Act 1986), and national or institutional guidelines for the care and use of animals, that cover the research.

Study design 6 For each experiment, give brief details of the study design, including:
a. The number of experimental and control groups.
b. Any steps taken to minimise the effects of subjective bias when allocating animals to treatment (e.g.,
randomisation procedure) and when assessing results (e.g., if done, describe who was blinded and when).
c. The experimental unit (e.g. a single animal, group, or cage of animals).
A time-line diagram or flow chart can be useful to illustrate how complex study designs were carried out.

Experimental procedures 7 For each experiment and each experimental group, including controls, provide precise details of all
procedures carried out. For example:
a. How (e.g., drug formulation and dose, site and route of administration, anaesthesia and analgesia
used [including monitoring], surgical procedure, method of euthanasia). Provide details of any specialist
equipment used, including supplier(s).
b. When (e.g., time of day).
c. Where (e.g., home cage, laboratory, water maze).
d. Why (e.g., rationale for choice of specific anaesthetic, route of administration, drug dose used).

Experimental animals 8 a. Provide details of the animals used, including species, strain, sex, developmental stage (e.g., mean or
median age plus age range), and weight (e.g., mean or median weight plus weight range).
b. Provide further relevant information such as the source of animals, international strain nomenclature,
genetic modification status (e.g. knock-out or transgenic), genotype, health/immune status, drug- or test-
naı̈ve, previous procedures, etc.

Housing and husbandry 9 Provide details of:
a. Housing (e.g., type of facility, e.g., specific pathogen free (SPF); type of cage or housing; bedding
material; number of cage companions; tank shape and material etc. for fish).
b. Husbandry conditions (e.g., breeding programme, light/dark cycle, temperature, quality of water etc.
for fish, type of food, access to food and water, environmental enrichment).
c. Welfare-related assessments and interventions that were carried out before, during, or after the
experiment.

Sample size 10 a. Specify the total number of animals used in each experiment and the number of animals in each
experimental group.
b. Explain how the number of animals was decided. Provide details of any sample size calculation used.
c. Indicate the number of independent replications of each experiment, if relevant.

Allocating animals to
experimental groups

11 a. Give full details of how animals were allocated to experimental groups, including randomisation or
matching if done.
b. Describe the order in which the animals in the different experimental groups were treated and
assessed.

Experimental outcomes 12 Clearly define the primary and secondary experimental outcomes assessed (e.g., cell death, molecular
markers, behavioural changes).

Statistical methods 13 a. Provide details of the statistical methods used for each analysis.
b. Specify the unit of analysis for each dataset (e.g. single animal, group of animals, single neuron).
c. Describe any methods used to assess whether the data met the assumptions of the statistical
approach.

RESULTS

Baseline data 14 For each experimental group, report relevant characteristics and health status of animals (e.g., weight,
microbiological status, and drug- or test-naı̈ve) before treatment or testing (this information can often be
tabulated).

Numbers analysed 15 a. Report the number of animals in each group included in each analysis. Report absolute numbers (e.g.
10/20, not 50%a).
b. If any animals or data were not included in the analysis, explain why.

Outcomes and estimation 16 Report the results for each analysis carried out, with a measure of precision (e.g., standard error or
confidence interval).

Adverse events 17 a. Give details of all important adverse events in each experimental group.
b. Describe any modifications to the experimental protocols made to reduce adverse events.
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Abstract 
Reproducible science requires transparent reporting. The ARRIVE guidelines were originally 
developed in 2010 to improve the reporting of animal research. They consist of a checklist of 
information to include in publications describing in vivo experiments to enable others to scrutinise the 
work adequately, evaluate its methodological rigour, and reproduce the methods and results. Despite 
considerable levels of endorsement by funders and journals over the years, adherence to the 
guidelines has been inconsistent, and the anticipated improvements in the quality of reporting in 
animal research publications have not been achieved.  

Here we introduce ARRIVE 2019. The guidelines have been updated and information reorganised to 
facilitate their use in practice. We used a Delphi exercise to prioritise the items and split the guidelines 
into two sets, the ARRIVE Essential 10, which constitute the minimum requirement, and the 
Recommended Set, which describes the research context. This division facilitates improved reporting 
of animal research by supporting a stepwise approach to implementation. This helps journal editors 
and reviewers to verify that the most important items are being reported in manuscripts. We have also 
developed the accompanying Explanation and Elaboration document that serves 1) to explain the 
rationale behind each item in the guidelines, 2) to clarify key concepts and 3) to provide illustrative 
examples. We aim through these changes to help ensure that researchers, reviewers and journal 
editors are better equipped to improve the rigour and transparency of the scientific process and thus 
reproducibility. 
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Why good reporting is important 
In recent years issues about the reproducibility of research findings have raised considerable concern 
among scientists, funders, research users and policy makers [1-3]. Important contributing factors 
identified include flawed study design and analysis, variability and inadequate validation of reagents 
and other biological materials, insufficient reporting of methodology and results, and barriers to access 
data [4]. A number of initiatives have been developed to improve the reproducibility of scientific 
research, from funders’ open access policies [5], through to alternative peer review models [6], and the 
development of infrastructure to promote study preregistration and data sharing [7].  

Transparent reporting is an essential first step for any initiative focusing on reproducibility. Without 
this, the methodological rigour of the studies cannot be adequately scrutinised, the reliability of the 
findings cannot be assessed, and the work cannot be repeated or built upon by others. Despite the 
development of specific reporting guidelines for preclinical and clinical research, evidence suggests 
that scientific publications often lack key information and that there continues to be considerable 
scope for improvement [8-14]. Animal research is a good case in point, where poor reporting impacts 
on the development of therapeutics and irreproducible publications can spawn an entire field of 
research, or trigger clinical studies, subjecting patients to interventions unlikely to be effective [2, 15, 
16].  

In an attempt to improve the reporting of animal research, the ARRIVE guidelines were published in 
2010. The guidelines consist of a checklist of the information that should be included in any 
manuscript describing animal-based research, to ensure that the research is described in a 
comprehensive and transparent manner [17-27]. In the nine years since publication, the ARRIVE 
guidelines have been endorsed by more than a thousand journals from across the life sciences. 
Endorsement typically includes advocating their use in guidance to authors and reviewers. However, 
only a small number of journals actively enforce compliance; recent studies have shown that important 
information as set out in the ARRIVE guidelines is still missing from most publications sampled. This 
includes randomisation (reported in only 30-40% of publications), blinding (reported in only 
approximately 20% of publications), sample size justification (reported in less than 10% of 
publications) and animal characteristics (all basic characteristics reported in less than 10% of 
publications) [28-30].  

Evidence suggests two main factors limit the impact of the guidelines. The first is the extent to which 
editorial and journal staff are involved in enforcing reporting standards. A randomised controlled trial at 
PLOS ONE, for example, demonstrated that a request by journal staff to include a completed ARRIVE 
checklist in the manuscript submission process did not improve the disclosure of information in 
published papers [31]. In contrast, other studies using reporting checklists with more editorial follow up 
have shown a marked improvement in the nature and detail of the information included in publications 
[32-34]. Providing the level of journal or editorial input required to ensure compliance with all the items 
of the ARRIVE guidelines is unlikely to be sustainable for most journals because of the resources 
needed. Requesting adherence with all items at once, with no consideration of their relative 
importance might also be perceived as too prescriptive and further complicate the task. 

The second issue is that researchers and other individuals and organisations responsible for the 
integrity of the research process are not sufficiently aware of the consequences of incomplete 
reporting. There is some evidence that awareness of ARRIVE is linked to the use of more rigorous 
experimental design standards [35], but there is also evidence that researchers are unaware of the 
much larger systemic bias in the publication of research and in the reliability of certain findings and 
even of entire fields [31, 36-38]. This lack of understanding affects how experiments are designed and 
grant proposals prepared, how animals are handled and data recorded in the laboratory, and how 
manuscripts are written by authors or assessed by journal staff, editors and reviewers. 

Approval for experiments involving animals is generally based on a harm-benefit analysis, weighing 
the harms to the animals involved against the benefits of the research to society. If the research is not 
reported in enough detail, even when conducted rigorously, the benefits may not be realised, and the 
harm-benefit analysis and public trust in the research are undermined [39]. As a community, we must 
do better to ensure that where animals are used the research is well designed and analysed, and 
transparently reported. Here we introduce the revised ARRIVE guidelines, referred to as ARRIVE 
2019. The information included has been updated, extended and reorganised to facilitate the use of 

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
The copyright holder for this preprint. http://dx.doi.org/10.1101/703181doi: bioRxiv preprint first posted online Jul. 15, 2019; 

44



 
3 

the guidelines, helping to ensure that researchers, editors and reviewers, as well as other relevant 
journal staff, are better equipped to improve the rigour and reproducibility of animal research. 

 

Introducing ARRIVE 2019 
The revision of the ARRIVE guidelines has been undertaken by a new international working group – 
the authors of this publication. Our expertise comes from across the life sciences community, including 
funders, journal editors, statisticians, methodologists and researchers from academia and industry. We 
have improved the clarity of the guidelines, prioritised the items, added new information and generated 
the accompanying Explanation and Elaboration document to provide context and rationale for each 
item [40]. New additions comprise inclusion and exclusion criteria, which are a key aspect of data 
handling and prevent the ad hoc exclusion of data [41]; protocol registration, a recently emerged 
approach which promotes scientific rigour and encourages researchers to carefully consider the 
experimental design and analysis plan before any data are collected [42]; and data access, in line with 
the FAIR Data Principles [43]. Table S1 summarises the changes. 

The most significant departure from the original guidelines is the classification of items into two 
prioritised groups, as shown in Tables 1 and 2. There is no ranking within each group. The first group 
is the “ARRIVE Essential 10” which describes information that is the basic minimum to include in a 
manuscript, as without this information reviewers and readers cannot confidently assess the reliability 
of the findings presented. It includes the study design, sample size, measures to reduce subjective 
bias such as randomisation and blinding, outcome measures, statistical methods, experimental 
animals used, experimental procedures and results. The second group, referred to as the 
“Recommended Set” adds context to the study described. This includes the ethical statement, 

declaration of interest, protocol registration and data access, as well as more detailed information on 
the methodology such as animal housing, husbandry, care and monitoring. Items on abstract, 
background, objectives, interpretation and generalisability also describe what to include in the more 
narrative parts of a manuscript. The prioritisation was derived from a Delphi exercise [44] to rank items 
according to their relative importance for assessing the reliability of research findings. The Delphi 
panel included the working group in addition to external stakeholders, to ensure maximum diversity in 
fields of expertise and geographical location. Demographics of the Delphi panel and full methods and 
results are presented in Supporting Information S2 and S3.  

The classification of the items into two groups is intended to facilitate the improved reporting of animal 
research by allowing an initial focus on the most critical issues. This better allows journal staff, editors 
and reviewers to verify that the items have been adequately reported in manuscripts. The first step 
should be to ensure compliance with the ARRIVE Essential 10 as a minimum requirement. Items from 
the Recommended Set can then be added over time and in line with specific editorial policies until all 
the items are routinely reported in all manuscripts.  

Although the guidelines are written with researchers and journal editorial policies in mind, it is 
important to stress that researchers alone should not have to carry the burden of responsibility for 
transparent reporting. Funders, institutions and publishers all have a responsibility to ensure that the 
appropriate training, workflows and practices are in place to support researchers in their different 
roles. In particular, institutions and other research performing organisations, both public and private, 
as well as publishers, have a key role to play in building capacity and championing the behavioural 
changes required to improve reporting practices. 

 

 

 

 

 

 

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
The copyright holder for this preprint. http://dx.doi.org/10.1101/703181doi: bioRxiv preprint first posted online Jul. 15, 2019; 

45



 
4 

ARRIVE Essential 10 

Study design 1 For each experiment, provide brief details of study design including: 
a. The groups being compared, including control groups. If no control group has been used, 
the rationale should be stated. 
b. The experimental unit (e.g. a single animal, litter, or cage of animals). 

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the total 
number in each experiment. Also indicate the total number of animals used. 
b. Explain how the sample size was decided. Provide details of any a priori sample size 
calculation, if done. 

Inclusion and 
exclusion criteria 

3 a. Describe any criteria established a priori for including and excluding animals (or 
experimental units) during the experiment, and data points during the analysis. 
b. For each experimental group, report any animals, experimental units or data points not 
included in the analysis and explain why. 
c. For each analysis, report the exact value of N in each experimental group. 

Randomisation 4 Describe the methods used:  
a. To allocate experimental units to control and treatment groups. If randomisation was used, 
provide the method of randomisation.  
b. To minimise potential confounding factors such as the order of treatments and 
measurements, or animal/cage location. 

Blinding 5 Describe who was aware of the group allocation at the different stages of the experiment 
(during the allocation, the conduct of the experiment, the outcome assessment, and the data 
analysis). 

Outcome 
measures 

6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, or 
behavioural changes).  
b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the outcome 
measure that was used to determine the sample size. 

Statistical 
methods 

7 a. Provide details of the statistical methods used for each analysis. 
b. Specify the experimental unit that was used for each statistical test.   
c. Describe any methods used to assess whether the data met the assumptions of the 
statistical approach. 

Experimental 
animals 

8 a. Provide details of the animals used, including species, strain and substrain, sex, age or 
developmental stage, and weight. 
b. Provide further relevant information on the provenance of animals, health/immune status, 
genetic modification status, genotype, and any previous procedures. 

Experimental 
procedures  

9 For each experimental group, including controls, describe the procedures in enough detail to 
allow others to replicate them, including:  
a. What was done, how it was done and what was used. 
b. When and how often. 
c. Where (including detail of any acclimation periods). 
d. Why (provide rationale for procedures). 

Results 
 

10 For each experiment conducted, including independent replications, report: 
a. Summary/descriptive statistics for each experimental group, with a measure of variability 
where applicable. 
b. If applicable, the effect size with a confidence interval. 

 
Table 1. ARRIVE Essential 10 
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Recommended Set 

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain and sex, key 
methods, principal findings, and study conclusions. 

Background 
 

12 a. Include sufficient scientific background to understand the rationale and context for the 
study, and explain the experimental approach. 
b. Explain how the animal species and model used address the scientific objectives and, 
where appropriate, the relevance to human biology. 

Objectives 13 Clearly describe the research question, research objectives and, where appropriate, specific 
hypotheses being tested. 

Ethical statement 14 Provide the name of the ethical review committee or equivalent that has approved the use of 
animals in this study and any relevant licence or protocol numbers (if applicable). If ethical 
approval was not sought or granted, provide a justification. 

Housing and 
husbandry 

15 Provide details of housing and husbandry conditions, including any environmental enrichment. 

Animal care and 
monitoring 
 

16 a. Describe any interventions or steps taken in the experimental protocols to reduce pain, 
suffering and distress. 
b. Report any expected or unexpected adverse events. 
c. Describe the humane endpoints established for the study and the frequency of monitoring. 

Interpretation 
/scientific 
implications 

17 a. Interpret the results, taking into account the study objectives and hypotheses, current theory 
and other relevant studies in the literature. 
b. Comment on the study limitations including potential sources of bias, limitations of the 
animal model, and imprecision associated with the results. 

Generalisability 
/translation 

18 Comment on whether, and how, the findings of this study are likely to generalise to other 
species or experimental conditions, including any relevance to human biology (where 
appropriate). 

Protocol 
registration 

19 Provide a statement indicating whether a protocol (including the research question, key design 
features, and analysis plan) was prepared before the study, and if and where this protocol was 
registered. 

Data access 20 Provide a statement describing if and where study data are available.  

Declaration of 
interests 

21 a. Declare any potential conflicts of interest, including financial and non-financial. If none exist, 
this should be stated. 
b. List all funding sources (including grant identifier) and the role of the funder(s) in the design, 
analysis and reporting of the study. 

 
Table 2. ARRIVE Recommended Set 

 

Conclusion 
Transparent reporting is clearly essential if animal studies are to add to the knowledge base and 
inform future research, policy and clinical practice. ARRIVE 2019 prioritises the reporting of 
information related to study reliability. This enables research users to assess how much weight to 
ascribe to the findings, and in parallel promotes the use of rigorous methodology in the planning and 
conduct of in vivo experiments [35], thus increasing the likelihood that the findings are reliable, and 
ultimately, reproducible.  

The intention of ARRIVE 2019 is not to supersede individual journal requirements but to promote a 
harmonised approach across journals to ensure that all manuscripts contain essential information 
needed to appraise the research. The step-by-step approach is in line with current practice by a 
number of journals who recommend that authors not only refer to the ARRIVE guidelines while 
preparing their manuscript, but also implement a checklist with a core set of items. Journals usually 
share a common objective of improving the methodological rigour and reproducibility of the research 
they publish, but different journals emphasise different pieces of information [45-47]. Here we propose 
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an expert consensus on information to prioritise. This will provide clarity for authors, facilitate transfer 
of manuscripts between journals, and accelerate an improvement of reporting standards. 

Concentrating the efforts of the research and publishing communities on the ARRIVE Essential 10 
items provides a manageable approach to evaluate reporting quality efficiently and assess the effect 
of interventions and policies designed to improve the reporting of animal experiments. It also provides 
a starting point for the development of automated or semi-automated artificial intelligence tools that 
can detect missing information rapidly [48].  

Improving reporting is a collaborative endeavour and concerted effort from the biomedical research 
community is required to ensure maximum impact. We welcome collaboration with other groups 
operating in this area, and feedback on ARRIVE 2019 and our implementation strategy.  

 

Supporting information 
S1 Table: Noteworthy changes in ARRIVE 2019, compared to ARRIVE 2010 

S2 Delphi methods and results 

S3 Delphi data 
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S1 Table: Noteworthy changes in ARRIVE 2019, compared to ARRIVE 2010 

ARRIVE 2019 ARRIVE 2010 Reason for change 

All items All items We reordered items and split them in two sets based on their importance to assess the reliability of the study. There is no 
ranking within each set, items are ordered logically. 

ARRIVE Essential 10 

Item 1 – Study design Item 6 – Study design We removed the reference to steps taken to minimise the effects of bias (formerly subitem 6b). All information about 
randomisation is now in item 4 and all information about blinding is now in item 5. 

Item 2 – Sample size Item 10 – Sample size We clarified that the number of experimental units might be different from the number of animals. Independent replications 
are now mentioned with the results (item 10) to prevent any confusion with biological replicates. 

Item 3 – Inclusion and 
exclusion criteria 

Item 15 – Numbers 
analysed 

We added a new subitem on a priori inclusion and exclusion criteria, evidence shows that ad hoc exclusion of data can lead 
to false positive results [1]. We clarified that the N number in each analysis might be different from the number of animals. 
We renamed the item to better reflect content. 

Item 4 – 
Randomisation  

Item 11 – Allocating 
animals to 
experimental groups 

All references to randomisation were consolidated in this item for clarity. We reworded the text to include the randomisation 
procedure which was covered separately in the study design (formerly item 6). We clarified that experimental units are 
allocated to group, rather than animals.  

Item 5 – Blinding  Item 6 – Study design Blinding was included in the original guidelines as part of the study design (formerly subitem 6b), we have added more text 
in a new item to highlight its importance and encourage greater specificity. 

Item 6 – Outcome 
measures 

Item 12 – 
Experimental 
outcomes 

We clarified that all outcome measures should be reported, and added a subitem to highlight the need to identify a primary 
outcome measure for hypothesis-testing studies. 
We changed the item name to 'outcome measures' because of concerns within the group that the term 'experimental 
outcomes' could be ambiguous. 

Item 7 – Statistical 
methods 

Item 13 – Statistical 
methods 

We removed a reference to unit of analysis, which is often poorly understood and used the term experimental unit for 
consistency throughout the guidelines. 

Item 8 – experimental 
animals 

Item 8 – experimental 
animals 

We clarified the wording and removed examples to streamline the guidelines, further details are discussed in the supporting 
E&E document [2]. 

Item 9 – Experimental 
procedures 

Item 7 – Experimental 
procedures 

We encouraged greater specificity by stating that procedures should be described in enough detail to allow others to 
replicate them. We removed examples to streamline the guidelines, further details are discussed in the supporting E&E 
document [2]. 

Item 10 – Results  Item 16 – outcomes 
and estimation 

We expanded this item to provide more explicit guidance on reporting results. The name of the item was changed from 
'outcomes and estimations' to 'results' for clarity and prevent confusion with item 6 – outcome measures. 

Item removed Item 14 – Baseline 
data 

This item overlapped with item 8 – Experimental animals and the two items where combined, with further details provided in 
the supporting E&E document [2]. 
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ARRIVE Recommended Set 

Item 11 – Abstract  Item 2 – Abstract We specified that the sex of animals used should be included the abstract, empirical evidence suggests an endemic male 
bias in biomedical research [3]. 

Item 12 – Background  Item 3 – Background  We clarified the wording and removed examples to streamline the guidelines, further details are discussed in the supporting 
E&E document [2]. 

Item 13 – Objectives Item 4 – Objectives We removed a reference to primary and secondary objectives as it would not apply to exploratory studies, and added a 
requirement to describe the research question, which is relevant to all study types. 

Item 14 – Ethical 
statement 

Item 5 – Ethical 
statement 

We removed reference to UK legislation to make this item relevant for an international audience. We added specification of 
the relevant licence or protocol numbers to provide accountability and promote transparency. 

Item 15 – Housing 
and husbandry 

Item 9 – Housing and 
husbandry 

We moved the subitem on welfare-related assessments and interventions to item 16 – Animal care and monitoring. We 
removed examples to streamline the guidelines, further details are discussed in the supporting E&E document [2]. 

Item 16 – Animal care 
and monitoring 

Item 17 – Adverse 
events 

We added a new subitem to encourage the reporting of humane endpoints and monitoring, and changed the name of the 
item to animal care and monitoring to better reflect content. 

Item 17 – 
Interpretation/scientific 
implications 

Item 18 – 
Interpretation/scientific 
implications 

We removed subitem c “Describe any implications of your experimental methods or findings for the replacement, 
refinement or reduction (3Rs) of the use of animals in research”. This item is not relevant to all animal studies and further 
details have been provided in the supporting E&E document [2]. 

Item 18 – 
Generalisability/ 
translation 

Item 19 – 
Generalisability/ 
translation 

We simplified and clarified the wording. 

Item 19 – Protocol 
registration 

New item We added a new item on registering key aspects of the protocol. Empirical studies have shown up to 50% of outcomes 
which are measured are not reported [4]. This selective outcome reporting bias leads to an overstatement of biological 
effects. 

Item 20 – Data access New item We added a new item on data access to encourage authors to provide a data sharing statement describing how others can 
gain access to the data on which the paper is based. 

Item 21 – Declaration 
of interests 

Item 20 – Funding We added a new sub-item on declaring potential conflicts of interest. We added the specification of the role of the funder(s) 
in the ‘design, analysis and reporting of the study’. This information allows the reader to assess any competing interests, 
and any potential sources of bias. 

We renamed the item to better reflect content. 

Item removed Item 1 – Title  We removed this item as it provided no specific guidance on what to include in the title. 
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S2 – Delphi methods and results 
 

1 Methods 

1.1 Development of the revised checklist 

For each subitem of ARRIVE 2010, the NC3Rs summarised the evidence justifying its inclusion in the guidelines 
and any indication of a need for revision. The working group then met for a two-day meeting in November 2017 in 
London, to review this information, discuss the addition of new items and agree on the strategy to go forward. We 
agreed to update the guidelines, develop an explanation and elaboration (E&E) document for ARRIVE 2019 [1] and 
prioritise the items to facilitate the uptake of the revised guidelines [2]. After the meeting, each item was allocated 
to at least two members of the working group to develop the item’s explanation in more detail and refine the item’s 
wording. Further iterations of the checklist were achieved by email discussion within the whole group.  

The Delphi exercise was designed to achieve consensus on prioritising items of the ARRIVE guidelines. 

The objective was to allocate the 22 items into two or three shortlists with different levels of priority, and relatively 
even distribution within each set.  

1.2 Recruitment of the Delphi expert panel 

Ethical approval for this study was obtained from the University of Bristol, Faculty of Science Research Ethics 
Committee (ID 66625). 

The panel consisted of the ARRIVE Working Group and external stakeholders nominated by the Working Group, 
with suitable expertise on the quality of animal research or its reporting. We aimed to gather a diverse panel of 
experts, both in terms of field of expertise and geographical location. 

Panel members consented to take part by following a link in the invitation email to the first round. 

1.3 The Delphi process 

There were three iterations of the questionnaire in total [3], and these were managed using the Comet Initiative 
DelphiManager platform (http://www.comet-initiative.org/DelphiManager/). Data collection took place June to 
November 2018. Panel members received an email invitation at the start of each round with a link to the online 
questionnaire. They were allowed three weeks to complete the questionnaire, with email reminders at day 7 and 
day 14. If they did not respond within the time frame they were excluded from that round, however they were 
invited to take part in the subsequent rounds of the Delphi. 

Each of the 22 items of the revised ARRIVE guidelines was evaluated against the statement: 

“How important is this piece of information for assessing the reliability of results in an animal research 
paper?” 

Panel members scored each item on a scale of 1 – 9, where 1 was least important and 9 was most important.  

The questionnaire presented in round 1 included free-text fields to provide reasoning for the score given to each 
item. Individual justifications were collated, summarised and presented to the whole panel in round 2. 

In round 2, panel members were asked to provide a justification if their score for a particular item had changed 
between round 1 and round 2. Similarly, this information was summarised and presented to the whole panel in 
round 3. 

Following rounds 1 and 2, the scores for each item were analysed and a structured summary consisting of a 
histogram showing the dispersal of the scores in the entire panel was prepared. This summary was presented with 
a new iteration of the questionnaire at the next round, where panel members were asked to re-score the items. In 
round 2 and 3, panel members’ own scores from the previous round were also displayed for each item. 

To encourage a wider dispersal of scores, in the final round (round 3) panel members were asked to follow two 
rules while scoring items: 
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 to score no more than ten items in the top range (7 – 9) 
 to score no fewer than six items in the bottom range (1 – 3)  

In the final dataset we excluded data entries which had not followed these rules, allowing for a deviation of ±1 item 
in each range. 

1.4 Addition of new ARRIVE items 

In the first round of the Delphi, we asked the panel to suggest new items that they believed should be included in 
the revised guidelines. The threshold for inclusion was defined a priori; for a new item to be considered, it would 
have to be suggested by at least 10% of the panel. The panel also had the opportunity to provide general feedback 
at the end of the survey. 

1.5 Criteria for allocating items to sets 

The plan to achieve consensus was defined a priori and two options were considered. The first option was to 
allocate the items in three sets, based on each item’s median score and a minimum of 70% of the panel scoring the 
item within the same range. Score ranges were defined as follows: 

 top range (7 – 9) 
 middle range (4 – 6) 
 bottom range (1 – 3) 

 
Should the panel fail to reach agreement using the first option, the second option was to allocate the items in two 
sets and allocate items with a median score of 7 or above and an agreement level greater than 70% to the first set, 
and all other items to the second set.  

Once data collection was completed, the ARRIVE working group met via videoconference to review the results and 
discuss the allocation of items into sets. As only 10 of 22 items reached the predefined agreement consensus of 
70% (see supplementary information S3 – Delphi results), the second option was used to allocate items into two 
sets. 

 

2 Results  

2.1 Composition of the Delphi expert panel 

One hundred experts were invited to participate in the Delphi exercise, 73 accepted the invitation and 71 
participated in the final round (see Figure 1). Ten data entries, which did not follow data dispersal rules were 
excluded, 61 data entries were therefore included in the final score analysis. 

 

Figure 1. Delphi panel included at each stage of the Delphi exercise. 

Demographics of the panel are presented in Table 2. 
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2.2 Suggestions for new items and feedback on existing items 

18 panel members suggested a total of 31 new items (see supplementary information S3 – Delphi data). No new 
item suggestion met the 10% threshold for inclusion in the revised guidelines.  

Feedback on the wording of existing items was considered by the working group in the drafting of the revised items 
and the drafting of the accompanying E&E document.  

Feedback from the Delphi panel indicated that the item on number analysed was misunderstood and confused with 
the item on sample size. For clarity, the item on number analysed was incorporated to the item on inclusion and 
exclusion criteria in further iterations of the guidelines. This reduced the number of items to 21. 

 

2.3 Scores for each Delphi round 

The scores assigned to each item in rounds 1, 2 and 3 are shown in Figure 2. 

 

Figure 2. Item scores for each of the three Delphi rounds. Box and whisker plots of the panel members’ scores for 

the 22 items. Round 1: n=71-73, round 2: n=70-71, round 3: n=61, the exact sample size for each item in each 
round is provided in supplementary information S3 – Delphi data. Data plotted as median, interquartile range, 
minimum, maximum and outliers using https://www.displayr.com/. Raw data available at https://osf.io/8xjdr/. 
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2.4. Allocation of items to sets 

The allocation of items into sets is presented in Table 1. Eight items were shortlisted based on the a priori criterion 
(score in the top range and over 70% agreement within the panel). Three further items scoring in the top range 
were added to the shortlist following discussion within the working group. 

Note that 11 items were allocated to set 1 but the combination of inclusion and exclusion criteria and numbers 
analysed in subsequent iterations of the guidelines reduced that number to 10 shortlisted items. 

Set Item Score % scores in the top range Reasoning 

Set 1 

Study design 9 (9-9) 95  

All items met pre-
defined threshold 
(70%) for Set 1. 

Sample size 9 (9-9) 92 

Experimental procedures 9 (9-9) 87 

Outcome measures 9 (8-9) 85 

Experimental animals 9 (8-9) 84 

Blinding 9 (7-9) 77 

Randomisation 9 (6-9) 70 

Statistical methods 8 (6-9) 72 

Numbers analysed 8 (6-9) 69 
Median score in the 
top range. Inclusion and exclusion criteria 8 (6-9) 66 

Results 8 (6-9) 59 

Set 2 

 

Objectives  6 (4-8) 33 

Median score outside 
the top range. 

Housing and husbandry 6 (3-6) 21 

Animal care and monitoring 5 (3-6) 10 

Ethical statement 3 (3-6) 20 

Abstract 3 (2-6) 16 

Data Access 3 (3-6) 11 

Background 3 (3-6) 8 

Protocol registration 3 (3-4) 7 

Interpretation/Scientific 
implications 3 (3-5) 2 

Declaration of interests 3 (3-6) 2 

Generalisability/Translation 3 (2-3) 0 
Table 1. Allocation of the 22 items into two sets. Scores are displayed as median and interquartile range (IQR), 
n=61.
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Primary country of work  Years of relevant experience  Professional role 
UK 27 1   - 10 13 In vivo researcher 32 
USA 11 11 - 20 27 Journal editor 20 
Canada 7 21 - 30 22 Statistician 6 
Brazil 5 31 - 40 8 Professor 5 
Australia 3 41 - 50 3 Systematic review/ meta-researcher 4 
China 2  Veterinarian/ assistant veterinarian 4 
Germany 2 Career level Director of a lab animal facility 3 
Hong Kong 2 Principle Investigator 32 Former in vivo researcher 3 
Switzerland 2 Senior Staff 5 Educator 2 
The Netherlands 2 Associate Professor 4 Project manager 2 
Argentina 1 Director 4 Publisher 2 
Belgium 1 Staff Scientist 3 Reviewer of in vivo research 2 
India 1 Editor 2 Associate editorial director 1 
Japan 1 Executive Editor 2 Clinician 1 
Korea 1 Postdoctoral scientist 2 Director of research policy for a research funder 1 
Nigeria 1 Senior Editor 2 Director of research quality for a research funder 1 
Norway 1 Associate Director 1 Director of standards 1 
South Africa 1 Associate Editorial Director 1 Evidence synthesis specialist 1 
South Korea 1 Editorial Director 1 Head of experimental design for a research funder 1 
Sri Lanka 1 Head of Department 1 Mathematical biologist 1 
  Head of Laboratory and Research 1 Op-ed editor 1 
Sector of work Head of Policy 1 Policy analyst for a research funder 1 
Academia 45 Lab Animal Facility Director 1 Preclinical bioresearch quality & compliance  1 
Not-for-profit 7 Manager of Clinical Phenotyping Core 1 Researcher using in vitro methods and human subjects 1 
Industry 6 Managing Editor 1 Science administrator 1 
Publishing 6 Masters/PhD student 1 Scientific director 1 
Government 5 Mid-management 1 Scientist/manager 1 
Funding body 1 Policy analyst  1 Secretary of a 3Rs centre 1 
Media 1 Science Administrator 1 Senior program officer (science policy) 1 
Educator 1 Senior Manager 1  
Contract research company 1 No answer 3 

Table 2. Demographics of Delphi respondents (n = 73). Note that the total number of professional roles exceeds the number of panel members as they 
could select more than one role.
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Abstract 
Improving the reproducibility of biomedical research is a major challenge. Transparent and accurate reporting are 
vital to this process; it allows readers to assess the reliability of the findings, and repeat or build upon the work of 
other researchers. The NC3Rs developed the ARRIVE guidelines in 2010 to help authors and journals identify the 
minimum information necessary to report in publications describing in vivo experiments.  

Despite widespread endorsement by the scientific community, the impact of the ARRIVE guidelines on the 
transparency of reporting in animal research publications has been limited. We have revised the ARRIVE 
guidelines to update them and facilitate their use in practice. The revised guidelines are published alongside this 
paper. This Explanation and Elaboration document was developed as part of the revision. It provides further 
information about each of the 21 items in ARRIVE 2019, including the rationale and supporting evidence for their 
inclusion in the guidelines, elaboration of details to report, and examples of good reporting from the published 
literature.  

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
The copyright holder for this preprint. http://dx.doi.org/10.1101/703355doi: bioRxiv preprint first posted online Jul. 15, 2019; 

62



 

2 

Introduction 
Transparent and accurate reporting is essential to improve the reproducibility of scientific research; it enables 
others to scrutinise the methodological rigour of the studies, assess how reliable the findings are, and repeat or 
build upon the work. 

However, evidence shows that the majority of publications fail to include key information and there is significant 
scope to improve the reporting of studies involving animal research [1-4]. To that end, the NC3Rs published the 
ARRIVE guidelines in 2010. The guidelines are a checklist of information to include in a manuscript to ensure that 
publications contain enough information to add to the knowledge base [5]. The guidelines have received 
widespread endorsement from the scientific community and are currently recommended by more than a thousand 
journals, with further endorsement from research funders, universities and learned societies worldwide. 

Studies measuring the impact of ARRIVE on the quality of reporting have produced mixed results [6-11] and there 
is evidence that in vivo scientists are not sufficiently aware of the importance of reporting the information covered in 
the guidelines, and fail to appreciate the relevance to their work or their research field [12].  

As a new international working group – the authors of this publication, we have revised the guidelines to update 
them and facilitate their uptake; the ARRIVE guidelines 2019 are published alongside this paper [13]. We have 
updated the recommendations in line with current best practice, reorganised the information and classified the 
items into two sets. The ARRIVE Essential 10 constitute the minimum reporting requirement and the 
Recommended Set provides further context to the study described. The two sets help authors, journal staff, editors 
and reviewers use the guidelines in practice, and allow a pragmatic implementation with an initial focus on the most 
critical issues. Once the Essential 10 are consistently reported in manuscripts, items from the Recommended Set 
can be added to journal requirements over time until all 21 items are routinely reported in all manuscripts. Full 
methodology for the revision and the allocation of items into sets is described in the accompanying publication [13]. 

A key aspect of the revision was to develop this Explanation and Elaboration document to provide background and 
rationale for each of the 21 items of ARRIVE 2019. Here we present additional guidance for each item and 
subitem, explain the importance of reporting this information in manuscripts that describe animal research, 
elaborate on what to report, and provide supporting evidence. Each subitem is also illustrated with examples of 
good reporting from the published literature.  

 

Box 1: Glossary 

Bias: Introduction of a systematic error in the estimated effect of an intervention, caused by inadequacies in the 
design, conduct, or analysis of an experiment. 

Effect size: Quantitative measure that estimates the magnitude of differences between groups, or relationships 
between variables. 

Experimental unit: Biological entity subjected to an intervention independently of all other units, such that it is 
possible to assign any two experimental units to different treatment groups. 

External validity: Extent to which the results of an animal experiment provide a correct basis for generalisations 
to other populations of animals (including humans) and/or other environmental conditions. 

False positive: Statistically significant result obtained by chance when the effect being investigated does not 
exist. 

False negative: Non-statistically significant result obtained when the effect being investigated genuinely exists. 

Independent variable of interest: Factor that a researcher manipulates within a controlled environment in order 
to test its impact on the outcome measured. Also known as: predictor variable, factor of interest. 

Internal validity: Refers to the rigour of the study design and statistical analysis to isolate cause and effect, and 
attribute the effect observed to manipulation of the independent variable of interest. In an experiment with high 
internal validity, sources of bias and chance observations are minimised. In an experiment with low internal 
validity, the effect may be caused by bias, chance and other nuisance variables rather than the independent 
variable(s) of interest. 
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Null and alternative hypotheses: The null hypothesis (H0) refers to the postulate that the response being 
measured is unaffected by the experimental manipulation being tested. The alternative hypothesis (H1) refers to 
the postulate that manipulating the independent variable of interest has an effect on the response measured. 

Nuisance variable: Sources of variability or conditions that could potentially bias results. Also known as: 
confounding factor, confounding variable 

Outcome measure: Any variable recorded during a study to assess the effects of a treatment or experimental 
intervention. Also known as: dependent variable, response variable 

Power: Probability that a test of significance will detect an effect (i.e. a deviation from the null hypothesis), if an 
effect exists (i.e. true positive result). 

Sample size: Number of experimental units per group, also referred to as N number. 

Definitions adapted from [14, 15] and placed in the context of animal research. 

 

1. ARRIVE Essential 10 
The ARRIVE Essential 10 (Box 2) constitute the minimum reporting requirement, to ensure that reviewers and 
readers can assess the reliability of the findings presented. There is no ranking within the set, items are presented 
in a logical order. 

Box 2: ARRIVE Essential 10 

1. Study design 

2. Sample size 

3. Inclusion and exclusion criteria 

4. Randomisation 

5. Blinding 

6. Outcome measures 

7. Statistical methods 

8. Experimental animals 

9. Experimental procedures  

10. Results 

 

Item 1. Study design 

For each experiment, provide brief details of study design including: 

1a. The groups being compared, including control groups. If no control group has been used, the 
rationale should be stated. 

Explanation  

The choice of control or comparator group is dependent on the experimental objective. Negative controls are used 
to determine if a difference between groups is caused by the intervention (e.g. wild-type animals vs genetically 
modified animals, placebo vs active treatment, sham surgery vs surgical intervention). Positive controls can be 
used to support the interpretation of negative results or determine if an expected effect is detectable.  

It may not be necessary to include a separate control with no active treatment if, for example, the experiment aims 
to compare a treatment administered by different methods (e.g. intraperitoneal administration vs. oral gavage), or 
animals that are used as their own control in a longitudinal study. A pilot study, such as one designed to test the 
feasibility of a procedure might also not require a control group.  
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For complex study designs, a visual representation is more easily interpreted than a text description, so a timeline 
diagram or flow chart is recommended. Diagrams facilitate the identification of which treatments and procedures 
were applied to specific animals or groups of animals, and at what point in the study these were performed. They 
also help to communicate complex design features such as clustering or nesting (hierarchical designs), blocking (to 
reduce unwanted variation, see item 4 – Randomisation), or repeated measurements over time on the same 
experimental unit (repeated measures designs) [16, 17]. The Experimental Design Assistant (EDA) is a platform to 
support researchers in the design of in vivo experiments, it can be used to generate diagrams to represent any type 
of experimental design [18].  

Report the groups clearly so that test groups, comparators and controls (negative or positive) can be identified 
easily. State clearly if the same control group was used for multiple experiments. 

Examples 

1) “The DAV1 study is a one-way, two-period crossover trial with 16 piglets receiving amoxicillin and placebo at 
period 1 and only amoxicillin at period 2. Amoxicillin was administered orally with a single dose of 30 mg.kg-1. 
Plasma amoxicillin concentrations were collected at same sampling times at each period: 0.5, 1, 1.5, 2, 4, 6, 8, 
10 and 12 h.” [19] 

2) “Figure A: Example of a study plan created using the Experimental Design Assistant showing a simple 
comparative study for the effect of two drugs on the metastatic spread of two different cancer cell lines. Block 
randomisation has been used to create 3 groups containing an equal number of zebrafish embryos injected with 
either cell line, and each group will be treated with a different drug treatment (including vehicle control). Each 
measurement outcome will be analysed by 2-way ANOVA to determine the effect of drug treatment on growth, 
survival and invasion of each cancer cell line.” [20] 

 

 

1b. The experimental unit (e.g. a single animal, litter, or cage of animals). 

Explanation 

The experimental unit is the biological entity subjected to an intervention independently of all other units, such that 
it is possible to assign any two experimental units to different treatment groups. The sample size is the number of 
experimental units per group. 

Clearly indicate the experimental unit for each experiment so that the sample sizes and statistical analyses can be 
properly evaluated. There is a risk that if the experimental unit is not correctly identified, the sample size used in 
the data analysis will be incorrect. Inflation of the sample size by conflating experimental units with subsamples or 
repeated measurements is known as ‘pseudoreplication’. This may invalidate the analysis and resulting 
conclusions [21, 22] (see also item 7 – Statistical methods). 
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Commonly, the experimental unit is the individual animal, each independently allocated to a treatment group (e.g. a 
drug administered by injection). However, the experimental unit may be the cage or the litter (e.g. a diet 
administered to a whole cage, or a treatment administered to a dam and investigated in her pups), or it could be 
part of the animal (e.g. different drug treatments applied topically to distinct body regions of the same animal). 
Animals may also serve as their own controls receiving different treatments separated by washout periods; here 
the experimental unit is an animal for a period of time. There may also be multiple experimental units in a single 
experiment, such as when a treatment such as diet is given to a pregnant dam and then the weaned pups are 
allocated to different diets [23]. See [24-26] for further guidance on identifying experimental units.  

Examples  

1) “The present study used the tissues collected at E15.5 from dams fed the 1X choline and 4X choline diets (n 
= 3 dams per group, per fetal sex; total n = 12 dams). To ensure statistical independence, only one placenta 
(either male or female) from each dam was used for each experiment. Each placenta, therefore, was considered 
to be an experimental unit.” [27] 

2) “We have used data collected from high-throughput phenotyping, which is based on a pipeline concept where 
a mouse is characterized by a series of standardized and validated tests underpinned by standard operating 
procedures (SOPs)…. The individual mouse was considered the experimental unit within the studies.” [28] 

3) “Fish were divided in two groups according to weight (0.7-1.2 g and 1.3-1.7 g) and randomly stocked (at a 
density of 15 fish per experimental unit) in 24 plastic tanks holding 60 L of water.” [29] 

4) “In the study, n refers to number of animals, with five acquisitions from each [corticostriatal] slice, with a 
maximum of three slices obtained from each experimental animal used for each protocol (six animals each 
group).” [30] 

  

Item 2. Sample size 

2a. Specify the exact number of experimental units allocated to each group, and the total number in each 
experiment. Also indicate the total number of animals used. 

Explanation 

Sample size relates to the number of experimental units in each group at the start of the study, and is usually 
represented by N (See item 1 - Study design for further guidance on identifying and reporting experimental units). 
This information is crucial to assess the validity of the statistical model and the robustness of the experimental 
results.  

Report the exact value of N per group and the total number in each experiment. If the experimental unit is not the 
animal, also report the total number of animals to help readers understand the study design. For example, in a 
study investigating diet using cages of animals housed in pairs, the number of animals is double the number of 
experimental units. Reporting the total number of animals is also useful to identify if any were re-used between 
experiments.  

Example 

1) “Dams (for n see Table …) were assigned to treatments in a manner that provided similar means and 
variances in body weight before dosing was initiated…. For statistical purposes, the numbers/group are the 
number of litters, not the number of pups.” [31]  

Maternal and Neonatal Pup Effects of Various Phthalate Esters (PE) after Perinatal Maternal Exposure (GD 14–PND 3) to 
0.75 g PE/kg/day on the Sprague-Dawley Rat 

 

 Control BBP DEHP DINP DEP DMP DOTP  

Numbers of dams 
assigned to this study 
Block 1/Block 2  

9/10 5/8 7/9 6/8 5/0 5/0 0/8 
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Numbers of dams died  0 0 0 0 2 1 0  

Numbers of dams with 
live pups at day 2  

19 13 16 14 3 4 8 
 

Numbers of dams with 
live pups at weaning  

19 11 16 14 3 4 8 [31] 
 

 

2b. Explain how the sample size was decided. Provide details of any a priori sample size calculation, if 
done.   

Explanation  

For any type of experiment, it is crucial to explain how the sample size was determined. For hypothesis-testing 
experiments, where inferential statistics are used to estimate the size of the effect and to determine the weight of 
evidence against the null hypothesis, the sample size needs to be justified to ensure experiments are of an optimal 
size to test the research question [32, 33] (see item 13 – Objectives). Power is the probability that a test of 
significance will detect an effect (i.e. a deviation from the null hypothesis), when the effect being investigated 
genuinely exists (i.e. true positive result). Sample sizes that are too small (i.e. underpowered studies) produce 
inconclusive results, whereas sample sizes that are too large (i.e. overpowered studies) raise ethical issues over 
unnecessary use of animals and may produce trivial findings that are statistically significant but not biologically 
relevant [34]. Low power has three effects: first, within the experiment, real effects are more likely to be missed; 
second, where an effect is detected, this will often be an over-estimation of the true effect size [25]; and finally, 
when low power is combined with publication bias, there is an increase in the false positive rate in the published 
literature [35]. Consequently, low powered studies contribute to the poor internal validity of research and risk 
wasting animals used in inconclusive research [36].  

Study design can influence the statistical power of an experiment. Split-plot designs [37], factorial designs [38], or 
group-sequential designs [39] can increase the power of a study for a given number of animals. Statistical 
programs to help perform a priori sample size calculations exist for a variety of experimental designs and statistical 
analyses, for example G*power [40].  Choosing the appropriate calculator or algorithm to use depends on the type 
of outcome measures and independent variables, and the number of groups. Consultation with a statistician is 
recommended, especially when the experimental design is complex or unusual. 

Where the experiment tests the effect of an intervention on the mean of a continuous outcome measure, the 
sample size can be calculated a priori, based on a mathematical relationship between the desired effect size, 
variability estimated from prior data, chosen significance level, power and sample size (See Box 3, and [24, 41] for 
practical advice). For an a priori sample size determination, report the analysis method (e.g. two-tailed student’s t-
test with a 0.05 significance threshold), the effect size of interest and a justification explaining why this effect size is 
relevant, the estimate of variability used (e.g. standard deviation) and how it was estimated, and the power 
selected. 

 Box 3: Information used in a power calculation 

Sample size calculation is based on a mathematical relationship between the following parameters: effect size, 
variability, significance level, power and sample size. Questions to consider are:  

The primary objective of the experiment – what is the main outcome measure? 
The primary outcome measure should be identified in the planning stage of the experiment; it is the outcome of 
greatest importance, which will answer the main experimental question. 

What is a biologically or clinically relevant effect size?  
The effect size is the minimum change in the primary outcome measure between the groups under study, which 
would be of interest biologically and would be worth taking forward into further work. 

What is the estimate of variability? 
Estimates of variability can be obtained: 
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▪ From data collected from a preliminary experiment conducted under identical conditions to the planned 
experiment, e.g. a previous experiment in the same lab, testing the same treatment, under similar conditions, 
on animals with the same characteristics.  

▪ From the control group in a previous experiment testing a different treatment. 

▪ From a similar experiment reported in the literature. 

What risk of a false positive is acceptable? (significance threshold) 
The significance level or threshold (α) is the probability of obtaining a significant result by chance (a false 
positive) when the null hypothesis is true (i.e. there is no real, biologically relevant difference between the 
groups). If it is set at 0.05 then the risk of obtaining a false positive is 1 in 20 for a single statistical test. However, 
the threshold or the p values will need to be adjusted in scenarios of multiple testing (e.g. by using a Bonferroni 
correction). 

What risk of a false negative is acceptable? (power) 
The power (1-β) is the probability that the experiment will correctly lead to the rejection of the null hypothesis if 
the effect being investigated genuinely exists (i.e. detect that there is a biologically meaningful difference when 
there is one). A target power between 80-95% is normally deemed acceptable. 

Will you use a one or two-sided test? (directionality) 
The directionality of a test depends on the distribution of the test statistics for a given analysis. For tests based 
on t or z distributions (such as t-tests), whether the data will be analysed using a one or two-sided test relates to 
whether the alternative hypothesis (H1) is directional or not. An experiment with a directional (one-sided) H1 can 
be powered and analysed with a one-sided test. This assumes that direction of the effect is known (this is very 
rare in biology) and the goal is to maximise the chances of detecting this effect. However, the investigator cannot 
then test for the possibility of missing an effect in the untested direction. Choosing a one-tailed test for the sole 
purpose of attaining statistical significance is not appropriate.   

Two-sided tests with a non-directional H1 are much more common and allow researchers to detect the effect of a 
treatment regardless of its direction.  

Note that analyses such as ANOVA and chi-square are based on asymmetrical distributions (F- distribution and 
chi-square distribution) with only one tail. Therefore, these tests do not have a directionality option. 

 

There are several types of studies where a priori sample size calculations are not appropriate. For example, the 
number of animals needed for antibody or tissue production is determined by the amount required and the 
production ability of an individual animal. For studies where the outcome is a successful generation of a sample or 
a condition (e.g. the production of transgenic animals), the number of animals is determined by the probability of 
success of the experimental procedure.  

In early feasibility or pilot studies, the number of animals required depends on the purpose of the study. Where the 
objective of the preliminary study is to improve procedures and equipment, the number of animals needed is 
generally small. In such cases power calculations are not appropriate and sample sizes can be estimated based on 
operational capacity and constraints [42]. Pilot studies alone are unlikely to provide adequate data on variability for 
a power calculation for future experiments. Systematic reviews and previous studies are more appropriate sources 
of information on variability [43].  

Regardless of whether a power calculation was used or not, when explaining how the sample size was determined 
take into consideration any anticipated loss of animals or data, for example due to exclusion criteria established 
upfront or expected attrition (see item 3 – inclusion and exclusion criteria). 

Examples 

1) “The sample size calculation was based on postoperative pain numerical rating scale (NRS) scores after 
administration of buprenorphine (NRS AUC mean = 2.70; noninferiority limit = 0.54; standard deviation = 0.66) as 
the reference treatment and also Glasgow Composite Pain Scale (GCPS) scores using online software 
(Experimental design assistant; https://eda.nc3rs.org.uk/eda/login/auth). The power of the experiment was set to 
80%. A total of 20 dogs per group were considered necessary.” [44] 
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2) “We selected a small sample size because the bioglass prototype was evaluated in vivo for the first time in the 
present study, and therefore, the initial intention was to gather basic evidence regarding the use of this biomaterial 
in more complex experimental designs.” [45] 

 

Item 3. Inclusion and exclusion criteria 

3a. Describe any criteria established a priori for including or excluding animals (or experimental units) 
during the experiment, and data points during the analysis. 

Explanation  

Inclusion and exclusion criteria define the eligibility or disqualification of animals and data once the study has 
commenced. To ensure scientific rigour, the criteria should be defined before the experiment starts and data are 
collected [46]. Inclusion criteria should not be confused with animal characteristics (see item 8 – Experimental 
animals) but can be related to these (e.g. body weights must be within a certain range for a particular procedure) 
or related to other study parameters (e.g. task performance has to exceed a given threshold). Exclusion criteria 
may result from technical or welfare issues such as complications anticipated during surgery, or circumstances 
where test procedures might be compromised (e.g. development of motor impairments that could affect 
behavioural measurements). Criteria for excluding samples or data include failure to meet quality control standards, 
such as insufficient sample volumes, unacceptable levels of contaminants, poor histological quality, etc. Similarly, 
how the researcher will define and handle data outliers during the analysis should be also decided before the 
experiment starts (see subitem 3b for guidance on responsible data cleaning). 

Exclusion criteria may also reflect the ethical principles of a study in line with its humane endpoints (see item 16 – 
Animal care and monitoring). For example, in cancer studies an animal might be dropped from the study and 
euthanised before the predetermined time point if the size of a subcutaneous tumour exceeds a specific volume 
[47]. If losses are anticipated, these should be considered when determining the number of animals to include in 
the study (see item 2 – Sample size).  

Best practice is to include all a priori inclusion and exclusion/outlier criteria in a pre-registered protocol (see item 19 
– Protocol registration). At the very least these criteria should be documented in a lab notebook and reported in 
manuscripts, explicitly stating that the criteria were defined before any data was collected. 

Example  

1) “The animals were included in the study if they underwent successful MCA occlusion (MCAo), defined by a 60% 
or greater drop in cerebral blood flow seen with laser Doppler flowmetry. The animals were excluded if insertion of 
the thread resulted in perforation of the vessel wall (determined by the presence of sub-arachnoid blood at the 
time of sacrifice), if the silicon tip of the thread became dislodged during withdrawal, or if the animal died 
prematurely, preventing the collection of behavioral and histological data.” [48] 

 

3b. For each experimental group, report any animals, experimental units or data points not included in 
the analysis and explain why. 

Explanation  

Animals, experimental units, or data points that are unaccounted for can lead to instances where conclusions 
cannot be supported by the raw data [49]. Reporting exclusions and attritions provides valuable information to other 
investigators evaluating the results, or who intend to repeat the experiment or test the intervention in other species. 
It may also provide important safety information for human trials (e.g. exclusions related to adverse effects).  

There are many legitimate reasons for experimental attrition, some of which are anticipated and controlled for in 
advance (see subitem 3a on defining exclusion and inclusion criteria) but some data loss might not be anticipated. 
For example, data points may be excluded from analyses due to an animal receiving the wrong treatment, 
unexpected drug toxicity, infections or diseases unrelated to the experiment, sampling errors (e.g. a malfunctioning 
assay that produced a spurious result, inadequate calibration of equipment), or other human error (e.g. forgetting to 
switch on equipment for a recording).  
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In some instances, it may be scientifically justifiable to remove outlier data points from an analysis, such as 
readings that are outside a plausible range. Providing the reasoning for removing data points enables the 
distinction to be made between responsible data cleaning and data manipulation. When reasons are not disclosed 
the reliability of the conclusions is in question, as inappropriate data cleaning has the potential to bias study 
outcomes [50].  

There is a movement towards greater data sharing (see item 20 – Data access), along with an increase in 
strategies such as code sharing to enable analysis replication. These practices, however transparent, still need to 
be accompanied by a disclosure on the reasoning for data cleaning, and whether it was pre-defined. 

Report all animal exclusions and loss of data points, along with the rationale for their exclusion. Accompanying 
these criteria should be an explicit description of whether researchers were blinded to the group allocations when 
data or animals were excluded (see item 5 – Blinding and [51]), and whether these criteria were decided prior to 
the experiment [8, 32, 52]. Explicitly state where built-in models in statistics packages have been used to remove 
outliers (e.g. GraphPad Prism’s outlier test). 

Examples 

1) “Pen was the experimental unit for all data. One entire pen (ZnAA90) was removed as an outlier from both Pre-
RAC and RAC periods for poor performance caused by illness unrelated to treatment.... Outliers were determined 
using Cook’s D statistic and removed if Cook’s D > 0.5. One steer was determined to be an outlier for day 48 liver 
biopsy TM and data were removed.” [53] 

2) “Seventy-two SHRs were randomized into the study, of which 13 did not meet our inclusion and exclusion 
criteria because the drop in cerebral blood flow at occlusion did not reach 60% (seven animals), postoperative 
death (one animal: autopsy unable to identify the cause of death), haemorrhage during thread insertion (one 
animal), and disconnection of the silicon tip of the thread during withdrawal, making the permanence of 
reperfusion uncertain (four animals). A total of 59 animals were therefore included in the analysis of infarct volume 
in this study. In error, three animals were sacrificed before their final assessment of neurobehavioral score: one 
from the normothermia/water group and two from the hypothermia/pethidine group. These errors occurred blinded 
to treatment group allocation. A total of 56 animals were therefore included in the analysis of neurobehavioral 
score.” [48] 

3) “Fig 1. Flow chart showing the experimental protocol with the number of animals used, died and included in the 
study…. After baseline CMR and echocardiography, MI was induced by left anterior descending (LAD) coronary 
artery ligation (n = 48), as previously described. As control of surgery procedure, sham operated mice underwent 
thoracotomy and pericardiotomy without coronary artery ligation (n = 12).”[54] 

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
The copyright holder for this preprint. http://dx.doi.org/10.1101/703355doi: bioRxiv preprint first posted online Jul. 15, 2019; 

70



 

10 

 

 

 

3c. For each analysis, report the exact value of N in each experimental group.  

Explanation  

The exact number of experimental units analysed in each group (i.e. the N number) is essential information for the 
reader to interpret the analysis, it should be reported unambiguously. All animals and data used in the experiment 
should be accounted for in the data presented. Sometimes, for good reasons, animals may need to be excluded 
from a study (e.g. illness or mortality), and data points excluded from analyses (e.g. biologically implausible 
values). Reporting losses will help the reader to understand the experimental design process, replicate methods, 
and provide adequate tracking of animal numbers in a study, especially when sample size numbers in the analyses 
do not match the original group numbers.  

Indicate numbers clearly within the text or on figures, and provide absolute numbers (e.g. 10/20, not 50%). For 
studies where animals are measured at different time points, explicitly report the full description of which animals 
undergo measurement, and when [32].  

Examples 

1) “Group F contained 29 adult males and 58 adult females in 2010 (n = 87), and 32 adult males and 66 adult 
females in 2011 (n = 98). The increase in female numbers was due to maturation of juveniles to adults. Females 
belonged to three matrilines, and there were no major shifts in rank in the male hierarchy. Six mid to low ranking 
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individuals died and were excluded from analyses, as were five mid-ranking males who emigrated from the group 
at the beginning of 2011.” [55] 

2) “The proportion of test time that animals spent interacting with the handler (sniffed the gloved hand or tunnel, 
made paw contact, climbed on, or entered the handling tunnel) was measured from DVD recordings. This was 
then averaged across the two mice in each cage as they were tested together and their behaviour was not 
independent…. Mice handled with the home cage tunnel spent a much greater proportion of the test interacting 
with the handler (mean ± s.e.m., 39.8 ± 5.2 percent time of 60 s test, n = 8 cages) than those handled by tail (6.4 ± 
2.0 percent time, n = 8 cages), while those handled by cupping showed intermediate levels of voluntary interaction 
(27.6 ± 7.1 percent time, n = 8 cages).”  [56] 

 

Item 4. Randomisation 

Describe the methods used: 

4a. To allocate experimental units to control and treatment groups. If randomisation was used, provide 
the method of randomisation. 

Explanation 

Using randomisation during the allocation to groups ensures that each experimental unit has an equal probability of 
receiving a particular treatment. It helps minimise selection bias and reduce systematic differences in the 
characteristics of animals allocated to different groups [57-59]. However, investigators frequently confuse “random” 

with “haphazard” or “arbitrary” allocation. Non-random allocation can introduce bias that influences the results, as a 
researcher may (consciously or subconsciously) make judgements in allocating an animal to a particular group, or 
because of unknown and uncontrolled differences in the experimental conditions or animals in different groups. 
Systematic reviews have shown that animal experiments that do not report randomisation or other bias-reducing 
measures such as blinding, are more likely to report exaggerated effects that meet conventional measures of 
statistical significance [60, 61]. It is especially important to use methods of randomisation in situations where it is 
not possible to blind all or parts of the experiment but even with randomisation, researcher bias can pervert the 
allocation. This can be avoided by using allocation concealment (see item 5 – Blinding). In studies where sample 
sizes are small, simple randomisation may result in unbalanced groups; here randomisation strategies to balance 
groups such as randomising in matched pairs [62-64] and blocking are encouraged [24]. 

Report the type of randomisation used (simple, stratified, randomised complete blocks, etc.; see Box 4), the 
method of randomisation (e.g. computer-generated randomisation sequence, with details of the algorithm or 
programme used), and what was randomised (e.g. treatment to experimental unit, order of treatment for each 
animal). The EDA has a dedicated feature for randomisation and allocation concealment [18].  

Examples  

1) “Fifty 12-week-old male Sprague-Dawley rats, weighing 320–360g, were obtained from Guangdong Medical 

Laboratory Animal Center (Guangzhou, China) and randomly divided into two groups (25 rats/group): the intact 

group and the castration group. Random numbers were generated using the standard = RAND() function in 

Microsoft Excel.” [65]  

2) “Animals were randomized after surviving the initial I/R, using a computer based random order generator.” [66] 

3) “At each institute, phenotyping data from both sexes is collected at regular intervals on age-matched wildtype 

mice of equivalent genetic backgrounds. Cohorts of at least seven homozygote mice of each sex per pipeline were 

generated…. The random allocation of mice to experimental group (wildtype versus knockout) was driven by 

Mendelian Inheritance.” [28] 

 

4b. To minimise potential confounding factors such as the order of treatments and measurements, or 
animal/cage location. 

Explanation 
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Ensuring there is no systematic difference between animals in different groups apart from the experimental 
exposure is an important principle throughout the conduct of the experiment. Identifying nuisance variables 
(sources of variability or conditions that could potentially bias results), and managing them in the design of the 
experiment increases the sensitivity of the experiment. For example, rodents in cages at the top of the rack may be 
exposed to higher light levels, which can affect stress [67]. Mitigation strategies for nuisance variables include 
randomising or counterbalancing the position of animal cages on the rack, and taking measurements or processing 
samples in a random order (preferably with the investigator blinded to the treatment received; see item 5 – 
Blinding). Such practices help avoid introducing unintentional systematic differences between comparison groups, 
also known as order effects. Strategies to avoid order effects include counterbalancing, randomising order of 
treatment, and blocking (see Box 4).  

Box 4: Considerations for randomisation   

Simple randomisation 
All animals/samples are simultaneously randomised to the treatment groups without considering any other 
variable. This strategy is rarely appropriate as it cannot ensure that comparison groups are balanced for factors 
or covariates that might influence the result of an experiment. 

Randomisation within blocks  
Blocking is a method of controlling natural variation among experimental units. This splits up the experiment into 
smaller sub-experiments (blocks), and treatments are randomised to experimental units within each block [24, 
68, 69]. This takes into account nuisance variables that could potentially bias the results (e.g. cage location, day 
or week of procedure). 

Stratified randomisation uses the same principle as randomisation within blocks, only the strata tend to be traits 
of the animal that are likely to be associated with the response (e.g. weight class or tumour size class). This can 
lead to differences in the practical implementation of stratified randomisation as compared to block 
randomisation (e.g. there may not be equal numbers of experimental units in each weight class). 

Other randomisation techniques 
Minimisation is an alternative strategy to allocate animals/samples to treatment group to balance confounding 
variables that might influence the result of an experiment. With minimisation the treatment allocated to the next 
animal/sample depends on the characteristics of those animals/samples already assigned. The aim is that each 
allocation should minimise the imbalance across multiple factors [70]. This approach works well for a continuous 
nuisance variable such as body weight or starting tumour volume. 

Examples of nuisance variables that can be accounted for in the randomisation strategy 

▪ Time or day of the experiment  
▪ Litter, cage or fish tank 
▪ Investigator or surgeon – different level of experience in the people administering the treatments, performing 

the surgeries, or assessing the results may result in varying stress levels in the animals or duration of 
anaesthesia 

▪ Equipment (e.g. PCR machine, spectrophotometer) – calibration may vary 
▪ Measurement of a study parameter (e.g. initial tumour volume) 
▪ Animal characteristics – sex, age class, weight class 
▪ Location – exposure to light, ventilation and disturbances may vary in cages located at different height or on 

different racks, which may affect important physiological processes 

Implication for the analysis  
If blocking factors are used in the randomisation, they should also be included in the analysis. Nuisance 
variables increase variability in the sample, which reduces statistical power. Including a nuisance variable as a 
blocking factor in the analysis accounts for that variability and can increase the power, thus increasing the ability 
to detect a real effect with fewer experimental units. However, blocking uses up degrees of freedom and thus 
reduces the power if the nuisance variable does not have a substantial impact on variability. 

 
Report the methods used to minimise confounding factors alongside the methods used to allocate animals to 
groups. 

Examples  
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1) “Randomisation was carried out as follows. On arrival from El-Nile Company, animals were assigned a group 
designation and weighed. A total number of 32 animals were divided into four different weight groups (eight 
animals per group). Each animal was assigned a temporary random number within the weight range group. On the 
basis of their position on the rack, cages were given a numerical designation. For each group, a cage was 
selected randomly from the pool of all cages. Two animals were removed from each weight range group and given 
their permanent numerical designation in the cages. Then, the cages were randomized within the exposure 
group.” [71] 

2) ”...test time was between 08.30am to 12.30pm and testing order was randomized daily, with each animal tested 
at a different time each test day.” [72] 

3) “Bulls were blocked by BW into four blocks of 905 animals with similar BW and then within each block, bulls 
were randomly assigned to one of four experimental treatments in a completely randomized block design resulting 
in 905 animals per treatment. Animals were allocated to 20 pens (181 animals per pen and five pens per 
treatment).” [73] 

 

Item 5. Blinding 

Describe who was aware of the group allocation at the different stages of the experiment (during the 
allocation, the conduct of the experiment, the outcome assessment, and the data analysis). 

Explanation  

Researchers often expect a particular outcome, and can unintentionally influence the experiment or interpret the 
data in such a way as to support their preferred hypothesis [74]. Blinding is a strategy used to minimise these 
subjective biases.  

Whilst there is primary evidence of the impact of blinding in the clinical literature that directly compares blinded vs 
unblinded assessment of outcomes [75], there is limited empirical evidence in animal research [76, 77]. There are, 
however, compelling data from systematic reviews showing that non-blinded outcome assessment leads to the 
treatment effects being overestimated, and the lack of bias-reducing measures such as randomisation and blinding 
can contribute to as much as 30-45% inflation of effect sizes [60, 78, 79]. 

Ideally, investigators should be unaware of the treatment(s) animals have received or will be receiving, from the 
start of the experiment until the data have been analysed. If this is not possible for all the stages of an experiment 
(see Box 5), it should always be possible to conduct at least some of the stages blind. This has implications for the 
organisation of the experiment and may require help from additional personnel, for example a surgeon to perform 
interventions, a technician to code the treatment syringes for each animal, or a colleague to code the treatment 
groups for the analysis. Online resources are available to facilitate allocation concealment and blinding [18]. 

Box 5: Blinding during different stages of an experiment 

During allocation 
Allocation concealment refers to concealing the treatment to be allocated to each individual animal from those 
assigning the animals to groups, until the time of assignment. Together with randomisation, allocation 
concealment helps minimise selection bias, which can introduce systematic differences between treatment 
groups.  

During the conduct of the experiment 
Where possible, animal care staff and those who administer treatments should be unaware of allocation groups 
to ensure that all animals in the experiment are handled, monitored and treated in the same way. Treating 
different groups differently based on the treatment they have received could alter animal behaviour and 
physiology, and produce confounds.  

Welfare or safety reasons may prevent blinding of animal care staff but in most cases, blinding is possible. For 
example, if hazardous microorganisms are used, control animals can be considered as dangerous as infected 
animals. If a welfare issue would only be tolerated for a short time in treated but not control animals, a harm-
benefit analysis is needed to decide whether blinding should be used. 
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During the outcome assessment 
The person collecting experimental measurements or conducting assessments should not know which treatment 
each sample/animal received, and which samples/animals are grouped together. Blinding is especially important 
during outcome assessment, particularly if there is a subjective element (e.g. when assessing behavioural 
changes or reading histological slides) [76]. Randomising the order of examination can also reduce bias. 

If the person assessing the outcome cannot be blinded to the group allocation (e.g. obvious phenotypic or 
behavioural differences between groups) some, but not all, of the sources of bias could be mitigated by sending 
data for analysis to a third party, who has no vested interest in the experiment and does not know whether a 
treatment is expected to improve or worsen the outcome.  

During the data analysis 
The person analysing the data should know which data are grouped together to enable group comparisons, but 
should not be aware of which treatment each group received. This type of blinding is often neglected, but is 
important as the analyst makes many semi-subjective decisions such as applying data transformation to 
outcome measures, choosing methods for handling missing data and handling outliers. How these decisions will 
be made should also be decided a priori. 

Data can be coded prior to analysis so that the treatment group cannot be identified before analysis is 
completed. 

 

Specify whether blinding was used or not for each step of the experimental process (see Box 5). If blinding was not 
possible during a specific stage of the experiment, provide the reason why. 

Examples 

1) “For each animal, four different investigators were involved as follows: a first investigator (RB) administered the 
treatment based on the randomization table. This investigator was the only person aware of the treatment group 
allocation. A second investigator (SC) was responsible for the anaesthetic procedure, whereas a third investigator 
(MS, PG, IT) performed the surgical procedure. Finally, a fourth investigator (MAD) (also unaware of treatment) 
assessed GCPS and NRS, MNT, and sedation NRS scores.” [80] 

2) “…due to overt behavioral seizure activity the experimenter could not be blinded to whether the animal was 
injected with pilocarpine or with saline.” [81] 

3) “Investigators could not be blinded to the mouse strain due to the difference in coat colors, but the three-
chamber sociability test was performed with ANY-maze video tracking software (Stoelting, Wood Dale, IL, USA) 
using an overhead video camera system to automate behavioral testing and provide unbiased data analyses. The 
one-chamber social interaction test requires manual scoring and was analyzed by an individual with no knowledge 
of the questions.” [82] 

 

Item 6. Outcome measures 

6a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, or behavioural 
changes).  

Explanation 

An outcome measure (also known as a dependent variable or a response variable) is any variable recorded during 
a study (e.g. volume of damaged tissue, number of dead cells, specific molecular marker) to assess the effects of a 
treatment or experimental intervention. Outcome measures may be important for characterising a sample (e.g. 
baseline data) or for describing complex responses (e.g. ‘haemodynamic’ outcome measures including heart rate, 

blood pressure, central venous pressure, and cardiac output).  

Explicitly describe what was measured, especially when measures can be operationalised in different ways. For 
example, activity could be recorded as time spent moving or distance travelled. Where possible, the recording of 
outcome measures should be made in an unbiased manner (e.g. blinded to the treatment allocation of each 
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experimental group; see item 5 – Blinding). Specify how the outcome measure(s) assessed are relevant to the 
objectives of the study. 

Example 

1) “The following parameters were assessed: threshold pressure (TP; intravesical pressure immediately before 
micturition); post-void pressure (PVP; intravesical pressure immediately after micturition); peak pressure (PP; 
highest intravesical pressure during micturition); capacity (CP; volume of saline needed to induce the first 
micturition); compliance (CO; CP to TP ratio); frequency of voiding contractions (VC) and frequency of non-voiding 
contractions (NVCs).” [83] 

 

6b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the outcome measure that 
was used to determine the sample size. 

Explanation 

In a hypothesis-testing experiment, the primary outcome measure answers the main biological question. It is the 
outcome of greatest importance, identified in the planning stages of the experiment and used as the basis for the 
sample size calculation (see Box 3). For exploratory studies it is not necessary to identify a single primary outcome 
and often multiple outcomes are assessed (see item 13 – Objectives).  

In a hypothesis-testing study powered to detect an effect on the primary outcome measure, data on secondary 
outcomes are used to evaluate additional effects of the intervention but subsequent statistical analysis of 
secondary outcome measures may be underpowered, making results and interpretation less reliable [84, 85]. 
Studies that claim to test a hypothesis but do not specify a pre-defined primary outcome measure, or those that 
change the primary outcome measure after data were collected (also known as primary outcome switching) are 
liable to selectively report only statistically significant results, favouring more positive findings [86].  

Registering a protocol in advance protects the researcher against concerns about selective outcome reporting (also 
known as data dredging or p-hacking) and provides evidence that the primary outcome reported in the manuscript 
accurately reflects what was planned [87] (see item 19 – Protocol registration).  

If the study was designed to test a hypothesis and more than one outcome was assessed, explicitly identify the 
primary outcome measure and state if it was defined as such prior to data collection.  

Examples  

1) “The primary outcome of this study will be forelimb function assessed with the staircase test. Secondary 
outcomes constitute Rotarod performance, stroke volume (quantified on MR imaging or brain sections, 
respectively), diffusion tensor imaging (DTI) connectome mapping, and histological analyses to measure neuronal 
and microglial densities, and phagocytic activity… The study is designed with 80% power to detect a relative 25% 
difference in pellet-reaching performance in the Staircase test.” [88] 

2. “The primary endpoint of this study was defined as left ventricular ejection fraction (EF) at the end of follow-up, 
measured by magnetic resonance imaging (MRI). Secondary endpoints were left ventricular end diastolic volume 
and left ventricular end systolic volume (EDV and ESV) measured by MRI, infarct size measured by ex vivo gross 
macroscopy after incubation with triphenyltetrazolium chloride (TTC) and late gadolinium enhancement (LGE) 
MRI, functional parameters serially measured by pressure volume (PV-)loop and echocardiography, coronary 
microvascular function by intracoronary pressure- and flow measurements and vascular density and fibrosis on 
histology. Based on a power calculation (estimated effect 7.5% [6], standard deviation of 5%, a power of 0.9 and 
alpha of 0.05) 8 pigs per group were needed.” [66] 

 

Item 7. Statistical methods 

7a. Provide details of the statistical methods used for each analysis. 

Explanation 
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In hypothesis-testing studies comparing two or more groups, inferential statistics are used to estimate the size of 
the effect and to determine the weight of evidence against the null hypothesis. The effect size is the magnitude of 
the difference between two groups. The description of the statistical analysis should provide enough detail so that 
another researcher could re-analyse the raw data using the same method and obtain the same results. Relevant 
information includes what the outcome measures and independent variables were, what statistical analyses were 
performed, what tests were used to check assumptions, and any data transformations [89]. Give details of any 
confounders, blocking factors or covariates taken into account for each statistical test, include how the effects of 
each were mitigated. This allows readers to assess if analysis methods were appropriate.  

In exploratory studies where no specific hypothesis was tested, descriptive statistics can be used to summarise the 
data (see item 10 – Results). They do not allow conclusions beyond the data but are important for generating new 
hypotheses that may be tested in subsequent experiments.  

For any study reporting descriptive statistics, explicitly state which measure of central tendency is reported (e.g. 
mean or median) and which measure of variability is reported (e.g. standard deviation, range, quartiles or 
interquartile range). 

Examples 

1) “Analysis of variance was performed using the GLM procedure of SAS (SAS Inst., Cary, NC). Average pen 
values were used as the experimental unit for the performance parameters. The model considered the effects of 
block and dietary treatment (5 diets). Data were adjusted by the covariant of initial body weight. Orthogonal 
contrasts were used to test the effects of SDPP processing (UV vs no UV) and dietary SDPP level (3% vs 6%). 
Results are presented as least squares means. The level of significance was set at P < 0.05.” [90] 

2) ”All risk factors of interest were investigated in a single model. Logistic regression allows blocking factors and 
explicitly investigates the effect of each independent variable controlling for the effects of all others.... As we were 
interested in husbandry and environmental effects, we blocked the analysis by important biological variables (age; 
backstrain; inbreeding; sex; breeding status) to control for their effect. (The role of these biological variables in 
barbering behavior, particularly with reference to barbering as a model for the human disorder trichotillomania, is 
described elsewhere: Garner et al., 2004). We also blocked by room to control for the effect of unknown 
environmental variables associated with this design variable. We tested for the effect of the following husbandry 
and environmental risk factors: cage mate relationships (i.e. siblings, non-siblings, or mixed); cage type (i.e. plastic 
or steel); cage height from floor; cage horizontal position (whether the cage was on the side or the middle of a 
rack); stocking density; and the number of adults in the cage. Cage material by cage height from floor; and cage 
material by cage horizontal position interactions were examined, and then removed from the model as they were 
nonsignificant. N = 1959 mice were included in this analysis” [91] 

 

7b. Specify the experimental unit that was used for each statistical test.  

Explanation  

Incorrect identification of the experimental unit can lead to pseudoreplication and underpowered studies (see item 
1 – Study design). For example, measurements from 50 individual cells from a single mouse represent N = 1 
when the experimental unit is the mouse. The 50 measurements are subsamples and provide an estimate of 
measurement error so should be averaged or used in a nested analysis. Reporting N = 50 in this case is an 
example of pseudoreplication [22]. It underestimates the true variability in a study, which can lead to false positives. 
If, however, each cell taken from the mouse is then randomly allocated to different treatments and assessed 
individually, the cell might be regarded as the experimental unit.  

Explicitly report the experimental unit used in each statistical analysis. 

Examples  

1) “For each test, the experimental unit was an individual animal.” [92] 

2) “Maternal data regarding body weight, food intake, water consumption, urinary cotinine level and hormonal 
analysis were analyzed using the individual animal as the experimental unit. The data for offspring regarding body 
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weight, food intake, organ weight at necropsy, urinary cotinine level, immunohistochemical cellular distribution, 
TUNEL+ cells, RT-PCR and hormonal analysis were analyzed using the litter as the experimental unit.” [93] 

 

7c. Describe any methods used to assess whether the data met the assumptions of the statistical 
approach. 

Explanation  

Hypothesis tests are based on assumptions about the underlying data. Describing how assumptions were 
assessed, and whether these assumptions are met by the data, enables readers to assess the suitability of the 
statistical approach used. If the assumptions are incorrect, the conclusions may not be valid. For example, the 
assumptions for data used in parametric tests (such as a t-test, Z-test, ANOVA, Pearson’s r coefficient, etc.) are 

that the data are continuous, the residuals from the analysis are normally distributed, the responses are 
independent, and that different groups should have similar variances.  

There are various tests for normality, for example the Shapiro-Wilk and Kolmogorov-Smirnov tests. However, these 
tests have to be used cautiously. If the sample size is small, they will struggle to detect non-normality, if the sample 
size is large, the tests will detect minor deviations. An alternative approach is to evaluate data with visual plots e.g. 
normal probability plots, box plots, scatterplots. If the residuals of the analysis are not normally distributed, the 
assumption may be satisfied using a data transformation where the same mathematical function is applied to all 
data points to produce normally distributed data (e.g. loge, log10, square root, arcsine).  

Other types of outcome measures (binary, categorical, or ordinal) will require different methods of analysis, and 
each will have different sets of assumptions. For example, categorical data are summarised by counts and 
percentages or proportions, and are analysed by tests of proportions; these analysis methods assume that data are 
binary, ordinal or nominal, and independent [94].  

Report the type of outcome measure and the methods used to test the assumptions of the statistical approach. If 
data were transformed, identify precisely the transformation used and which outcome measures it was applied to.  

Examples 

1) “Model assumptions were checked using the Shapiro-Wilk normality test and Levene’s Test for homogeneity of 

variance and by visual inspection of residual and fitted value plots. Some of the response variables had to be 

transformed by applying the natural logarithm or the second or third root, but were back-transformed for 

visualization of significant effects.” [95] 

2) The effects of housing (treatment) and day of euthanasia on cortisol levels were assessed by using fixed-effects 

2-way ANOVA. An initial exploratory analysis indicated that groups with higher average cortisol levels also had 

greater variation in this response variable. To make the variation more uniform, we used a logarithmic transform of 

each fish's cortisol per unit weight as the dependent variable in our analyses. This action made the assumptions of 

normality and homoscedasticity (standard deviations were equal) of our analyses reasonable. [96]  

 

Item 8. Experimental animals 

8a. Provide details of the animals used, including species, strain and substrain, sex, age or 
developmental stage, and weight. 

Explanation 

The species, strain, substrain, sex, weight, and age of animals are critical factors that can influence most 
experimental results [97-101]. Reporting the characteristics of all animals used is equivalent to standardised human 
patient demographic data; these data support both the internal and external validity of the study results. It enables 
other researchers to repeat the experiment and generalise the findings. It also enables readers to assess whether 
the animal characteristics chosen for the experiment are relevant to the research objectives.  
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Report age and weight for each group, include summary statistics (e.g. mean and standard deviation) and, if 
possible, baseline values for individual animals (e.g. as supplementary information or a link to a publicly accessible 
data repository). For most species, precise reporting of age is more informative than a description of the 
developmental status (e.g. a mouse referred to as an adult can vary in age from six to 20 weeks [102]). In some 
cases, however, reporting the developmental stage is more informative than chronological age, for example in 
juvenile Xenopus, where rate of development can be manipulated by incubation temperature [103]. 

Example 

1) “One hundred and nineteen male mice were used: C57BL/6OlaHsd mice (n = 59), and BALB/c OlaHsd mice (n 
= 60) (both from Harlan, Horst, The Netherlands). At the time of the EPM test the mice were 13 weeks old and had 
body weights of 27.4 ± 0.4 g and 27.8 ± 0.3 g, respectively (mean ± SEM).” [104] 

2) “Histone Methylation Profiles and the Transcriptome of X. tropicalis Gastrula Embryos. To generate epigenetic 
profiles, ChIP was performed using specific antibodies against trimethylated H3K4 and H3K27 in Xenopus 
gastrula-stage embryos (Nieuwkoop-Faber stage 11–12), followed by deep sequencing (ChIP-seq). In addition, 
polyA-selected RNA (stages 10–13) was reverse transcribed and sequenced (RNA-seq).” [105] 

 

8b. Provide further relevant information on the provenance of animals, health/immune status, genetic 
modification status, genotype, and any previous procedures. 

Explanation 

The animals’ provenance, their health or immune status and their history of previous testing or procedures, can 
influence their physiology and behaviour as well as their response to treatments, and thus impact on study 
outcomes. For example, animals of the same strain, but from different sources, or animals obtained from the same 
source but at different times, may be genetically different [17]. The immune or microbiological status of the animals 
can also influence welfare, experimental variability and scientific outcomes [106-108]. 

Report the health status of animals in the study, and any previous procedures the animals have undergone. For 
genetically modified animals, describe the genetic modification status (e.g. knockout, overexpression), genotype 
(e.g. homozygous, heterozygous), manipulated gene(s), genetic methods and technologies used to generate the 
animals, how the genetic modification was confirmed, and details of animals used as controls (e.g. littermate 
controls [109]).  

Reporting the correct nomenclature is crucial to understanding the data and ensuring that the research is 
discoverable and replicable [110-112]. Useful resources for reporting nomenclature for different species include:  

▪ Mice - International Committee on Standardized Genetic Nomenclature (https://www.jax.org/jax-mice-and-
services/customer-support/technical-support/genetics-and-nomenclature)  

▪ Rats - Rat Genome and Nomenclature Committee (https://rgd.mcw.edu/) 
▪ Zebrafish - Zebrafish Information Network (http://zfin.org/) 
▪ Xenopus - Xenbase (http://www.xenbase.org/entry/) 
▪ Drosophila – FlyBase (http://flybase.org/)  

Examples 

1) “A construct was engineered for knockin of the miR-128 (miR-128-3p) gene into the Rosa26 locus. Rosa26 
genomic DNA fragments (~1.1 kb and ~4.3 kb 5′ and 3′ homology arms, respectively) were amplified from 
C57BL/6 BAC DNA, cloned into the pBasicLNeoL vector sequentially by in-fusion cloning, and confirmed by 
sequencing. The miR-128 gene, under the control of tetO-minimum promoter, was also cloned into the vector 
between the two homology arms. In addition, the targeting construct also contained a loxP sites flanking the 
neomycin resistance gene cassette for positive selection and a diphtheria toxin A (DTA) cassette for negative 
selection. The construct was linearized with ClaI and electroporated into C57BL/6N ES cells. After G418 selection, 
seven-positive clones were identified from 121 G418-resistant clones by PCR screening. Six-positive clones were 
expanded and further analyzed by Southern blot analysis, among which four clones were confirmed with correct 
targeting with single-copy integration. Correctly targeted ES cell clones were injected into blastocysts, and the 
blastocysts were implanted into pseudo-pregnant mice to generate chimeras by Cyagen Biosciences Inc. Chimeric 
males were bred with Cre deleted mice from Jackson Laboratories to generate neomycin-free knockin mice. The 
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correct insertion of the miR-128 cassette and successful removal of the neomycin cassette were confirmed by 
PCR analysis with the primers listed in Supplementary Table 1.” [113] 

2) “The C57BL/6J (Jackson) mice were supplied by Charles River Laboratories. The C57BL/6JOlaHsd (Harlan) 
mice were supplied by Harlan. The α-synuclein knockout mice were kindly supplied by Prof. [X] (Cardiff University, 
Cardiff, United Kingdom.) and were congenic C57BL/6JCrl (backcrossed for 12 generations). TNFα−/− mice were 
kindly supplied by Dr. [Y] (Queens University, Belfast, Northern Ireland) and were inbred on a homozygous 
C57BL/6J strain originally sourced from Bantin & Kingman and generated by targeting C57BL/6 ES cells. T286A 
mice were obtained from Prof. [Z] (University of California, Los Angeles, CA). These mice were originally congenic 
C57BL/6J (backcrossed for five generations) and were then inbred (cousin matings) over 14 y, during which time 
they were outbred with C57BL/6JOlaHsd mice on three separate occasions.” [114] 

 

Item 9. Experimental procedures 

For each experimental group, including controls, describe the procedures in enough detail to allow 
others to replicate them, including:  

9a. What was done, how it was done and what was used. 

Explanation 

Essential information to describe in the manuscript includes the procedures used to develop the model (e.g. 
induction of the pathology), the procedures used to measure the outcomes, and pre- and post-experimental 
procedures, including animal handling and welfare monitoring. Animal handling can be a source of stress and the 
specific method used (e.g. mice picked up by tail or in cupped hands) can affect research outcomes [56, 115, 116]. 
Details about animal care and monitoring intrinsic to the procedure are discussed in further detail in item 16 – 
Animal care and monitoring. Provide enough detail to enable others to replicate the methods and highlight any 
quality assurance and quality control used [117, 118]. A schematic of the experimental procedures with a timeline 
can give a clear overview of how the study was conducted. Information relevant to distinct types of interventions 
and resources are described in Box 6.  

Box 6: Examples of information to include when reporting specific types experimental procedures and 
resources 

Procedures Resources 

Pharmacological procedures (intervention and control) 

▪ Drug formulation 
▪ Dose 
▪ Volume 
▪ Concentration 
▪ Site and route of administration 
▪ Frequency of administration 
▪ Vehicle or carrier solution formulation and volume 
▪ Any evidence that the pharmacological agent used 

reaches the target tissue 

Surgical procedures (including sham surgery) 

▪ Description of the surgical procedure 
▪ Anaesthetic used (including dose and other 

information listed in pharmacological procedures 
section above) 

▪ Pre and post analgesia regimen 
▪ Pre-surgery procedures (e.g. fasting) 
▪ Aseptic techniques 
▪ Monitoring (e.g. assessment of surgical 

anaesthetic plane) 

Cell lines 

▪ Identification 
▪ Provenance  
▪ Verification and authentication 
▪ RRID [120, 121] 

Reagents (e.g. antibodies, chemicals) 

▪ Manufacturer 
▪ Supplier 
▪ Catalogue number 
▪ Lot number (if applicable) 
▪ RRID 

Equipment and software 

▪ Manufacturer 
▪ Supplier 
▪ Model/version number 
▪ Calibration procedures (if applicable) 
▪ RRID 
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▪ Whether the procedure is terminal or not 
▪ Post-surgery procedures 
▪ Duration of the procedure and duration of 

anaesthesia 
▪ Physical variables measured 

Pathogen infection (intervention and control) 

▪ Infectious agent 
▪ Dose load 
▪ Vehicle or carrier solution formulation and volume 
▪ Site and route of infection 
▪ Timing or frequency of infection 

Euthanasia 

▪ Method of euthanasia, including the humane 
standards the method complies with, such as 
AVMA [119] 

▪ Pharmacological agent, if used (including dose 
and information listed in pharmacological 
procedures section above) 

▪ Any measures taken to reduce pain and distress 
before or during euthanasia 

▪ Timing of euthanasia 
▪ Tissues collected post-euthanasia and timing of 

collection 

 

Where available, cite the Research Resource Identifier (RRID) for reagents and tools used [120, 121]. RRIDs are 
unique and stable, allowing unambiguous identification of reagents or tools used in a study, aiding other 
researchers to replicate the methods.  

Detailed step-by-step procedures can also be saved and shared online, for example using Protocols.io [122], which 
assigns a DOI to the protocol and allows cross-referencing between protocols and publications. 

Examples 

1) “Fig… shows the timeline for instrumentation, stabilization, shock/injury, and resuscitation…. Animals were 
food-deprived for 18 hours before surgery, but allowed free access to water. On the morning of surgery, swine 
were sedated with tiletamine-zolazepam (Telazol®; 5-8 mg/kg IM; Zoetis Inc., Kalamazoo MI) in the holding pen, 
weighed, and masked with isoflurane (3%, balance 100% O2) for transport to the lab. The marginal ear vein was 
catheterized for administration of atropine (0.02 mg/kg IV; Sparhawk Laboratories, Lenexa KS), and 
buprenorphine for pre-emptive analgesia (3 mg/ml IV; ZooPharm, Laramie WY). Ophthalmic ointment (Puralube®; 
Fera Pharmaceuticals) was applied to prevent corneal drying. Animals were intubated in dorsal recumbency with a 
cuffed 6 or 7 Fr endotracheal tube. Anesthetic plane was maintained by isoflurane (1-1.5%; 21-23 % O2, balance 
N2). Oxygen saturation (sPO2, %) and heart rate (HR) were monitored with a veterinary pulse oximeter placed in 
the buccal cavity (Masimo SET Radical-7; Irvine CA). Core temperature was monitored with a rectal probe and 
maintained at 36.5-38oC with a microprocessor-controlled feedback water blanket (Blanketrol® II, Cincinnati Sub-
Zero (CSZ) Cincinnati, OH) placed under the animal. Anesthetic depth was assessed every 5 min for the duration 
of the experiment by reflexes (corneal touch, pedal flexion, coronary band pinch) and vital signs (sPO2, HR, core 
temperature). 

Fig.... Experimental time line for instrumentation, shock/injury, resuscitation, post-resuscitation monitoring, and 
blood sampling in a swine model of polytrauma and coagulopathy.” [123] 

2) “For the diet-induced obesity (DIO) model, eight-week-old male mice had ad libitum access to drinking water 
and were kept on standard chow (SFD, 10.9 kJ/g) or on western high-fat diet (HFD; 22 kJ/g; kcal from 42% fat, 
43% from carbohydrates and 15% from protein; E15721-34, Ssniff, Soest, Germany) for 15 weeks 
(http://dx.doi.org/10.17504/protocols.io.kbacsie).” [124] 
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9b. When and how often. 

Explanation 

Clearly report the frequency and timing of experimental procedures and measurements, including the light and dark 
cycle (e.g. 12:12), circadian time cues (e.g. lights on at 08:00), and experimental time sequence (e.g. interval 
between baseline and comparator measurements or interval between procedures and measurements). Along with 
innate circadian rhythms, these can affect research outcomes such as behavioural, physiological, and 
immunological parameters [125, 126]. Also report the timing and frequency of welfare assessments, taking into 
consideration the normal activity patterns (see item 16 – Animal care and monitoring). For example, nocturnal 
animals may not show behavioural signs of discomfort during the day [127]. 

Examples 

1) “Blood pressure, heart rate, oxygen saturation and amount of blood extracted were recorded every 5 minutes. 
Blood samples were drawn at baseline (pre injury), 0 minutes (immediately after injury), and after 30 and 60 
minutes.” [128] 

2) “After a 5-h fast (7:30–12:30am), awake and freely moving mice were randomized and subjected to three 
consecutive clamps performed in the same mice as described above, with a 2 days recovery after each 
hyperinsulinemic/hypoglycemic (mHypo, n = 6) or hyperinsulinemic/euglycemic (mEugly, n = 4) clamps.” [129] 

 

9c. Where (including detail of any acclimation periods). 

Explanation 

Physiological acclimation after a stressful event, such as transport (e.g. between supplier, animal facility and 
laboratory), but before the experiment begins allows stabilisation of physiological responses of the animal [130, 
131]. Protocols vary depending on species, strain, and outcome; for example physiological acclimation following 
transportation of different animals can take anywhere from 24 hours to more than one week [132]. Procedural 
acclimation, immediately before a procedure, allows stabilisation of the animals’ responses after unaccustomed 

handling, novel environments, and previous procedures, which otherwise can induce behavioural and physiological 
changes [133, 134]. 

Indicate where studies were performed (e.g. dedicated laboratory space or animal facility, home cage, open field 
arena, water maze) and whether periods of physiological or procedural acclimation were included in the study 
protocol, including type and duration. If the study involved multiple sites explicitly state where each experiment and 
sample analysis was performed. Include any accreditation of laboratories if appropriate (e.g. if samples are sent to 
a commercial laboratory for analysis).  

Example 

1) “Fish were singly housed for 1 week before being habituated to the conditioning tank over 2 consecutive days. 
The conditioning tank consisted of an opaque tank measuring 20 cm (w) 15 cm (h) 30 cm (l) containing 2.5 l of 
aquarium water with distinct visual cues (spots or stripes) on walls at each end of the tank… During habituation, 
each individual fish was placed in the conditioning apparatus for 20 minutes with free access to both 
compartments and then returned to its home tank.” [135] 

 

9d. Why (provide rationale for procedures). 

Explanation 

There may be numerous approaches to investigate any given research problem, therefore it is important to explain 
why a particular procedure or technique was chosen. This is especially relevant when procedures are novel or 
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specific to a research laboratory, or constrained by the animal model or experimental equipment (e.g. route of 
administration determined by animal size [136]). 

Examples 

1) “Because of the very small caliber of the murine tail veins, partial paravenous injection is common if 18F-FDG is 
administered by tail vein injection (intravenous). This could have significantly biased our comparison of the 
biodistribution of 18F-FDG under various conditions. Therefore, we used intraperitoneal injection of 18F-FDG for 
our experiments evaluating the influence of animal handling on 18F-FDG biodistribution.” [137] 

2)“Since Xenopus oocytes have a higher potential for homologous recombination than fertilized embryos 
(Hagmann et al., 1996), we next tested whether the host transfer method could be used for efficient HDR-
mediated knock-in.  We targeted the C-terminus of X. laevis Ctnnb1 (β-catenin), a key cytoskeletal protein and 
effector of the canonical Wnt pathway, because previous studies have shown that addition of epitope tags to the 
C-terminus do not affect the function of the resulting fusion protein (Fig. 2A) (Evans et al., 2010; Miller and Moon, 
1997). CRISPR components were injected into X. laevis oocytes followed by host transfer or into embryos.” [138] 

 

Item 10. Results 

For each experiment conducted, including independent replications, report:  

10a. Summary/descriptive statistics for each experimental group, with a measure of variability where 
applicable. 

Explanation 

Summary/descriptive statistics provide a quick and simple description of the data, they communicate quantitative 
results easily and facilitate visual presentation. For continuous data, these descriptors include a measure of central 
tendency (e.g. mean, median) and a measure of variability (e.g. quartiles, range, standard deviation) to help 
readers assess the precision of the data collected. Categorical data can be expressed as counts, frequencies, or 
proportions.  

Report data for all experiments conducted. If a complete experiment is repeated on a different day, or under 
different conditions, report the results of all repeats, rather than selecting data from representative experiments. 
Report the exact number of experimental units per group so readers can gauge reliability of results (see item 2 – 
Sample size, and item 3 – Inclusion and exclusion criteria). Present data clearly as text, in tables, or in graphs, 
to enable information to be evaluated, or extracted for future meta-analyses. Report descriptive statistics with a 
clearly identified measure of variability for each group. Example 1 shows data summarised as medians and, in 
brackets, lower and upper quartiles. Boxplots are a convenient way to summarise continuous data, plotted as 
median, interquartile range, minimum, maximum and outliers, as shown in Example 2. 

 Examples 

1) “Features of autism compared between the control group and the autistic model groups” [139] 

 Median (quartiles)  

 Control group (n=13) Autism model group (n=14)  

Birth weight (g) 

Weight at 28 weeks (g) 

Number of squares traversed 

Rearing movements 

Grooming movements (number of rats performing 
grooming movements/total in the group) 

4.2 (3.9 – 4.5) 

47.8 (44.0 – 51.8) 

6.0 (4.0 – 11.0) 

6.0 (4.0 – 13.0) 

4/13 

3.6 (2.9 – 5.0) 

32.5 (29.0 – 53.5) 

3.0 (2.0 – 7.0) 

3.0 (2.0 – 6.0) 

2/14 

 

 

 

 

[139] 
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2) “Boxplots of median heart rate (beats per minute, bpm) during rs-fMRI scans for Y (n = 12), AU (n = 12), and AI 
(n = 12) animals.”[140] 

 

 

10b. If applicable, the effect size with a confidence interval.  

Explanation  

An effect size is a quantitative measure that estimates the magnitude of differences between groups, or 
relationships between variables. It can be used to assess the patterns in the data collected and make inferences 
about the wider population from which the sample came. The confidence interval for the effect indicates how 
precisely the effect has been estimated, and tells the reader about the strength of the effect [141]. For example, if 
zero is included in the 95% confidence interval, the presence of an effect cannot be assumed. In studies where 
statistical power is low, and/or hypothesis-testing is inappropriate, providing the effect size and confidence interval 
indicates how small or large an effect might really be, so a reader can judge the biological significance of the data 
[142, 143]. Reporting effect sizes with confidence intervals also facilitates extraction of useful data for systematic 
review and meta-analysis. Where multiple independent studies included in a meta-analysis show quantitatively 
similar effects, even if each is statistically non-significant, this provides powerful evidence that a relationship is 
‘real’, although small. 

Report all analyses performed, even those providing non-statistically significant results. Report the effect size, to 
indicate the size of the difference between groups in the study, with a confidence interval, to indicate the precision 
of the effect size estimate.  

Example 

1) “For all traits identified as having a significant genotype effect for the Usp47tm1b(EUCOMM)Wtsi line 
(MGI:5605792), a comparison is presented of the standardized genotype effect with 95% confidence interval for 
each sex with no multiple comparisons correction. Standardization, to allow comparison across variables, was 
achieved by dividing the genotype estimate by the signal seen in the wildtype population. Shown in red are 
statistically significant estimates. RBC: red blood cells; BMC: bone mineral content; BMD: bone mineral density; 
WBC: white blood cells.” [28] 
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2. Recommended Set 
The Recommended Set (Box 7) adds context to the study described, including further detail about the methodology 
and advice on what to include in the more narrative parts of a manuscript. Items are presented in a logical order, 
there is no ranking within the set. 

Box 7: ARRIVE Recommended Set 

11. Abstract 

12. Background 

13. Objectives 

14. Ethical statement 

15. Housing and husbandry 

16. Animal care and monitoring 

17. Interpretation /scientific implications 

18. Generalisability /translation 

19. Protocol registration 

20. Data access 

21. Declaration of interests 

 

Item 11. Abstract  

Provide an accurate summary of the research objectives, animal species, strain and sex, key methods, 
principal findings, and study conclusions.  

Explanation  
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A transparent and accurate abstract increases the utility and impact of the manuscript, and allows readers to 
assess the reliability of the study [144]. The abstract is often used as a screening tool by readers to decide whether 
to read the full article or to select an article for inclusion in a systematic review. However, abstracts often either do 
not contain enough information for this purpose [145, 146], or contain information that is inconsistent with the 
results in the rest of the manuscript [147, 148].  

To maximise utility, include details of the species, sex and strain of animals used, and accurately report the 
methods, results and conclusions of the study.  Also describe the objectives of the study, including whether it was 
designed to either test a specific hypothesis or to generate a new hypothesis (see Item 13 – Objectives). 
Incorporating this information will enable readers to interpret the strength of evidence, and judge how the study fits 
within the wider knowledge base. 

Examples 

1) “BACKGROUND AND PURPOSE: Asthma is an inflammatory disease that involves airway 
hyperresponsiveness and remodelling. Flavonoids have been associated to anti-inflammatory and antioxidant 
activities and may represent a potential therapeutic treatment of asthma. Our aim was to evaluate the effects of 
the sakuranetin treatment in several aspects of experimental asthma model in mice. 

EXPERIMENTAL APPROACH: Male BALB/c mice received ovalbumin (i.p.) on days 0 and 14, and were 
challenged with aerolized ovalbumin 1% on days 24, 26 and 28. Ovalbumin-sensitized animals received vehicle 
(saline and dimethyl sulfoxide, DMSO), sakuranetin (20 mg kg–1per mice) or dexamethasone (5 mg kg–1 per 
mice) daily beginning from 24th to29th day. Control group received saline inhalation and nasal drop vehicle. On 
day 29, we determined the airway hyperresponsiveness, inflammation and remodelling as well as specific IgE 
antibody. RANTES, IL-5, IL-4, Eotaxin, IL-10, TNF-a, IFN-g and GMC-SF content in lung homogenate was 
performed by Bioplex assay, and 8-isoprostane and NF-kB activations were visualized in inflammatory cells by 
immunohistochemistry. 

KEY RESULTS: We have demonstrated that sakuranetin treatment attenuated airway hyperresponsiveness, 
inflammation and remodelling; and these effects could be attributed to Th2 pro-inflammatory cytokines and 
oxidative stress reduction as well as control of NF-kB activation. 

CONCLUSIONS AND IMPLICATIONS: These results highlighted the importance of counteracting oxidative stress 
by flavonoids in this asthma model and suggest sakuranetin as a potential candidate for studies of treatment of 
asthma.” [149] 

2) “In some parts of the world, the laboratory pig (Sus scrofa) is often housed in individual, sterile housing which 
may impose stress. Our objectives were to determine the effects of isolation and enrichment on pigs housed within 
the PigTurn® — a novel penning system with automated blood sampling — and to investigate tear staining as a 
novel welfare indicator. Twenty Yorkshire × Landrace weaner pigs were randomly assigned to one of four 
treatments in a 2 × 2 factorial combination of enrichment (non-enriched [NE] or enriched [E]) and isolation (visually 
isolated [I] or able to see another pig [NI]). Pigs were catheterised and placed into the PigTurns® 48 h post 
recovery. Blood was collected automatically twice daily to determine white blood cell (WBC) differential counts and 
assayed for cortisol. Photographs of the eyes were taken daily and tear staining was quantified using a 0–5 
scoring scale and Image-J software to measure stain area and perimeter. Behaviour was video recorded and scan 
sampled to determine time budgets. Data were analysed as an REML using the MIXED procedure of SAS. 
Enrichment tended to increase proportion of time standing and lying laterally and decrease plasma cortisol, tear-
stain area and perimeter. There was a significant isolation by enrichment interaction. Enrichment given to pigs 
housed in isolation had no effect on plasma cortisol, but greatly reduced it in non-isolated pigs. Tear-staining area 
and perimeter were highest in the NE-I treatment compared to the other three treatments. Eosinophil count was 
highest in the E-NI treatment and lowest in the NE-I treatment. The results suggest that in the absence of 
enrichment, being able to see another animal but not interact may be frustrating. The combination of no 
enrichment and isolation maximally impacted tear staining and eosinophil numbers. However, appropriate 
enrichment coupled with proximity of another pig would appear to improve welfare.” [150] 
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Item 12. Background  

12a. Include sufficient scientific background to understand the rationale and context for the study, and 
explain the experimental approach. 

Explanation  

Scientific background information for an animal study should demonstrate a clear evidence gap and explain why an 
in vivo approach was warranted. Systematic reviews of the animal literature provide the most convincing evidence 
that a research question has not been conclusively addressed, by showing the extent of current evidence within a 
field of research. They can also inform the choice of animal model by providing a comprehensive overview of the 
models used along with their benefits and limitations [151, 152].  

Describe the rationale and context of the study and how it relates to other research, including relevant references 
to previous work. Outline evidence underpinning the hypothesis or objectives and explain why the experimental 
approach is best suited to answer the research question. 

Example 

1) “For decades, cardiovascular disease has remained the leading cause of mortality worldwide ...[and] 
cardiovascular research has been performed using healthy and young, non-diseased animal models. Recent 
failures of cardioprotective therapies in obese insulin-resistant, diabetic, metabolic syndrome-affected and aged 
animals that were otherwise successful in healthy animal models has highlighted the need for the development of 
animal models of disease that are representative of human clinical conditions… In the clinical setting, elderly male 
patients often present with both testosterone deficiency (TD) and the metabolic syndrome (MetS). A strong and 
compounding association exists between MetS and TD which may have significant impact on cardiovascular 
disease and its outcomes which is not addressed by current models…. their mutual presentation in the clinical 
setting warrants the development of appropriate animal models of the MetS with hypogonadism, especially in the 
context of cardiovascular disease research.” [153] 

 

12b. Explain how the animal species and model used address the scientific objectives and, where 
appropriate, the relevance to human biology. 

Explanation 

Provide enough detail for the reader to assess the suitability of the animal model used to address the research 
question. Include information on the rationale for choosing a particular species, explain how the outcome measures 
assessed are relevant to the condition under study, and how the model was validated. Stating that an animal model 
is commonly used in the field is not appropriate, and a well-considered, detailed rationale should be provided.  

When the study models a human disease, indicate how the model is appropriate for addressing the specific 
objectives of the study  [154]. This can include a description of how the induction of the disease, disorder, or injury 
is sufficiently analogous to the human condition, how the model responds to known clinically-effective treatments, 
how similar symptoms are to the clinical disease and how animal characteristics were selected to represent the 
age, sex, and health status of the clinical population [14].  

Examples 

1) “… we selected a pilocarpine model of epilepsy that is characterized by robust, frequent spontaneous 
seizures acquired after a brain insult, well-described behavioral abnormalities, and poor responses to 
antiepileptic drugs. These animals recapitulate several key features of human temporal lobe epilepsy, the most 
common type of epilepsy in adults.” [155] 

2) “Transplantation of healthy haematopoietic stem cells (HSCs) is a critical therapy for a wide range of 
malignant haematological and non-malignant disorders and immune dysfunction (Snowden et al., 2012; Sykes & 
Nikolic, 2005; Thomas et al., 1957)…. Zebrafish are already established as a successful model to study the 
haematopoietic system, with significant homology with mammals (de Jong & Zon, 2005; Gering & Patient, 2005; 
Kissa & Herbomel, 2010; Renshaw & Trede, 2012; Traver et al., 2003; White et al., 2008). Imaging of zebrafish 
transparent embryos remains a powerful tool and has been critical to confirm that the zebrafish Caudal 
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Haematopoietic Tissue (CHT) is comparable to the mammalian foetal haematopoietic niche (Gering & Patient, 
2005; Kissa & Herbomel, 2010; Tamplin et al., 2015). Xenotransplantation in zebrafish embryos has revealed 
highly conserved mechanisms between zebrafish and mammals. Recently, murine bone marrow cells were 
successfully transplanted into zebrafish embryos, revealing highly conserved mechanism of haematopoiesis 
between zebrafish and mammals (Parada-Kusz et al., 2017). Additionally, CD34 enriched human cells 
transplanted into zebrafish were shown to home to the CHT and respond to zebrafish stromal-cell derived factors 
(Staal et al., 2016).” [156] 

 

Item 13. Objectives 

Clearly describe the research question, research objectives and, where appropriate, specific hypotheses 
being tested.  

Explanation  

Explaining the purpose of the study by describing the question(s) that the research addresses, allows readers to 
determine if the study is relevant to them. Readers can also assess the relevance of the model organism, 
procedures, outcomes measured, and analysis used.  

Knowing if a study is exploratory or hypothesis-testing is critical to its interpretation. A typical exploratory study may 
measure multiple outcomes and look for patterns in the data, or relationships that can be used to generate 
hypotheses. It may also be a pilot study which aims to inform the design or feasibility of larger subsequent 
experiments. Exploratory research helps researchers to design hypothesis-testing experiments, by choosing what 
variables or outcome measures to focus on in subsequent studies. 

Testing a specific hypothesis has implications for both the study design and the data analysis [17, 157]. For 
example, an experiment designed to detect a hypothesised effect will likely need to be analysed with inferential 
statistics, and a statistical estimation of the sample size will need to be performed a priori (see item 2 – Sample 
size). Hypothesis-testing studies also have a pre-defined primary outcome measure, which is used to assess the 
evidence in support of the specific research question (see item 6 – Outcome measures).  

In contrast, exploratory research investigates many possible effects, and is likely to yield more false positive results 
because some will be positive by chance; thus results from well-designed hypothesis-testing studies provide 
stronger evidence. Independent replication and meta-analysis can further increase the confidence in conclusions. 

Clearly outline the objective(s) of the study, including whether it is hypothesis-testing or exploratory, or if it includes 
research of both types. Hypothesis-testing studies may collect additional information for exploratory purposes, it is 
important to distinguish which hypotheses were prespecified and which originated after data inspection, especially 
when reporting unanticipated effects or outcomes that were not part of the original study design. 

Examples 

1) “The primary objective of this study was to investigate the cellular immune response to MSC injected into the 
striatum of allogeneic recipients (6-hydroxydopamine [6-OHDA]-hemilesioned rats, an animal model of Parkinson's 
disease [PD]), and the secondary objective was to determine the ability of these cells to prevent nigrostriatal 
dopamine depletion and associated motor deficits in these animals.” [158] 

2) “In this exploratory study, we aimed to investigate whether calcium electroporation could initiate an anticancer 
immune response similar to electrochemotherapy. To this end, we treated immunocompetent balb/c mice with 
CT26 colon tumors with calcium electroporation, electrochemotherapy, or ultrasound-based delivery of calcium or 
bleomycin.” [159] 
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Item 14. Ethical statement 

Provide the name of the ethical review committee or equivalent that has approved the use of animals in 
this study and any relevant licence or protocol numbers (if applicable). If ethical approval was not sought 
or granted, provide a justification. 

Explanation 

Authors are responsible for complying with regulations and guidelines relating to the use of animals for scientific 
purposes. This includes ensuring that they have the relevant approval for their study from an appropriate ethics 
committee and/or regulatory body before the work starts. The ethical statement provides editors, reviewers and 
readers with assurance that studies have received this ethical oversight [12]. This also promotes transparency and 
understanding about the use of animals in research and fosters public trust.  

Provide a clear statement explaining how the study conforms to appropriate regulations and guidelines, and 
indicate relevant licence/protocol numbers so that the study can be identified. Add also any relevant accreditation 
e.g. AAALAC (American Association for Accreditation of Laboratory Animal Care) [160] or GLP (Good Laboratory 
Practice). 

If the research is not covered by any regulation and formal ethical approval is not required (e.g. a study using 
animal species not protected by regulations or law), demonstrate that international standards were complied with 
and cite the appropriate reference. In such cases, provide a clear statement explaining why the research is exempt 
from regulatory approval.  

Examples  

1) “All procedures were conducted in accordance with the United Kingdom Animal (Scientific Procedures) Act 
1986, approved by institutional ethical review committees (Alderley Park Animal Welfare and Ethical Review 
Board and Babraham Institute Animal Welfare and Ethical Review Board) and conducted under the authority of 
the Project Licence (40/3729 and 70/8307, respectively).” [161] 

2) “All protocols in this study were approved by the Committee on the Ethics of Animal Experiments of Fuwai 
Hospital, Peking Union Medical College and the Beijing Council on Animal Care, Beijing, China (IACUC permit 
number: FW2010-101523), in compliance with the Guide for the Care and Use of Laboratory Animals published by 
the US National Institutes of Health (NIH publication no.85-23, revised 1996).” [162] 

3) “Samples and data were collected according to Institut de Sélection d’Animale (ISA) protocols, under the 
supervision of ISA employees. Samples and data were collected as part of routine animal data collection in a 
commercial breeding program for layer chickens in The Netherlands. Samples and data were collected on a 
breeding nucleus of ISA for breeding purposes only, and is a non-experimental, agricultural practice, regulated by 
the Act Animals, and the Royal Decree on Procedures. The Dutch Experiments on Animals Act does not apply to 
non-experimental, agricultural practices. An ethical review by the Statement Animal Experiment Committee was 
therefore not required. No extra animal discomfort was caused for sample collection for the purpose of this study.” 
[163] 

 

Item 15. Housing and husbandry 

Provide details of housing and husbandry conditions, including any environmental enrichment. 

Explanation 

The environment determines the health and wellbeing of the animals and every aspect of it can potentially affect 
their behavioural and physiological responses, thereby affecting research outcomes. Different studies may be 
sensitive to different environmental factors, and particular aspects of the environment necessary to report may 
depend on the type of study. Examples of housing and husbandry conditions known to affect animal welfare and 
research outcomes are listed in Table 1; consider reporting these elements and any other housing and husbandry 
conditions likely to influence the study outcomes. 
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Table 1: Examples of information to consider when reporting housing and husbandry, and their effects 
on laboratory animals 

Information to report Examples of effects on laboratory animals 

Cage/housing system (type 
and dimensions) 

Affects behaviour [164] and fear learning [165]. Tank colour affects stress in 
Xenopus laevis [166]. 

Food and water (type, 
composition and access) 

Affects body weight, tumour development, nephropathy severity [167], and  the 
threshold for developing Parkinsonian symptoms [168]. Maternal diet affects 
offspring body weight [169]. 

Bedding and nesting material Affects behavioural responses to stress [170] and pain [171]. 

Temperature and humidity Modifies tumour progression [172]. 

Sanitation (frequency of cage 
changes, material transferred) 

Affects blood pressure, heart rate, behaviour [173]. Adds an additional source 
of variation [174, 175]. 

Social environment (group size 
and composition) 

Compromises animal welfare [176]. Induces aggressive behaviour [177]. 

Biosecurity (level) The microbiological status of animals causes variation in systemic disease 
parameters [178]. 

Lighting (type, schedule and 
intensity) 

Modifies immune and stress responses[179]. 

Environmental enrichment 
 

Reduces anxiety [180, 181], stress [180, 181] and abnormal repetitive 
behaviour [182-184]. Reduces susceptibility to epilepsy [185] and osteoarthritis 
[186] and modifies the pathology of neurological disorders [187]. 

Sex of the experimenter Affects physiological stress and pain behaviour [188]. 

 

Environment, either deprived or enriched, can affect a wide range of physiological and behavioural responses 
[189]. Specific details to report include, but are not limited to, structural enrichment (e.g. elevated surfaces, 
dividers), resources for species-typical activities (e.g. nesting material, shelters, gnawing sticks), toys and or other 
tools used to stimulate exploration, exercise (e.g. running wheel), and novelty. If no environmental enrichment was 
provided, this should be clearly stated with justification. Similarly, scientific justification needs to be reported for 
withholding food and water [190], and for singly housing animals [191, 192]. 

Examples 

1) “Breeding colonies were kept in individually ventilated cages (IVCs; Tecniplast, Italy) at a temperature of 20°C 
to 24°C, humidity of 50% to 60%, 60 air exchanges per hour in the cages, and a 12/12-hour light/dark cycle with 
the lights on at 5:30 AM. The maximum caging density was five mice from the same litter and sex starting from 
weaning. As bedding, spruce wood shavings (Lignocel FS-14; J. Rettenmaier und Soehne GmbH, Rosenberg, 
Germany) were provided. Mice were fed a standardized mouse diet (1314, Altromin, Germany) and provided 
drinking water ad libitum. All materials, including IVCs, lids, feeders, bottles, bedding, and water were autoclaved 
before use. Sentinel mice were negative for at least all Federation of laboratory animal science associations 
(FELASA)-relevant murine infectious agents [30] as diagnosed by our health monitoring laboratory, mfd 
Diagnostics GmbH, Wendelsheim, Germany.” [193] 

2) “Same sex litter mates were housed together in individually ventilated cages with two or four mice per cage. All 
mice were maintained on a regular diurnal lighting cycle (12:12 light:dark) with ad libitum access to food (7012 
Harlan Teklad LM-485 Mouse/Rat Sterilizable Diet) and water. Chopped corn cob was used as bedding. 
Environmental enrichment included nesting material (Nestlets, Ancare, Bellmore, NY, USA), PVC pipe, and shelter 
(Refuge XKA-2450-087, Ketchum Manufacturing Inc., Brockville, Ontario, Canada). Mice were housed under 
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broken barrier-specific pathogen-free conditions in the Transgenic Mouse Core Facility of Cornell University, 
accredited by AAALAC (The Association for Assessment and Accreditation of Laboratory Animal Care 
International).” [194] 

 

Item 16. Animal care and monitoring 

16a. Describe any interventions or steps taken in the experimental protocols to reduce pain, suffering 
and distress. 

Explanation 

A safe and effective analgesic plan is critical to relieve pain, suffering and distress. Untreated pain can affect the 
animals’ biology and add variability to the experiment; however specific pain management procedures can also 
introduce variability, affecting experimental data [195, 196]. Under-reporting of welfare management procedures 
can also contribute to the perpetuation of non-compliant methodologies and insufficient or inappropriate use of 
analgesia [196] or other welfare measures. A thorough description of the procedures used to alleviate pain, 
suffering and distress provides practical information for researchers to replicate the method. 

Clearly describe pain management strategies, including: 

▪ specific analgesic 
▪ administration method (formulation, route, dose, concentration, volume, frequency, timing, and equipment 

used) 
▪ rationale for the choice (e.g. animal model, disease/pathology, procedure, mechanism of action, 

pharmacokinetics, personnel safety) 
▪ protocol modifications to reduce pain, suffering and distress (e.g. changes to the anaesthetic protocol, 

increased frequency of monitoring, procedural modifications, habituation, etc.) 

If analgesics or other welfare measures, reasonably expected for the procedure performed, are not performed for 
experimental reasons, report the scientific justification [197].  

Examples 

1) “If piglets developed diarrhea, they were placed on an electrolyte solution and provided supplemental water, 
and if the diarrhea did not resolve within 48 h, piglets received a single dose of ceftiofur (5.0 mg ceftiofur 
equivalent/kg of body weight i.m [Excede, Zoetis, Florham Park, NJ]). If fluid loss continued after treatment, piglets 
then received a single dose of sulfamethoxazole and trimethoprim oral suspension (50 mg/8 mg per mL, Hi-Tech 
Pharmacal, Amityville, NY) for 3 consecutive days.” [198] 

2) “One hour before surgery, we administered analgesia to the mice by offering them nut paste (Nutella; Ferrero, 
Pino Torinese, Italy) containing 1 mg per kg body weight buprenorphine (Temgesic; Schering-Plough Europe, 
Brussels, Belgium) for voluntary ingestion, as described previously. The mice had been habituated to pure nut 
paste for 2 d prior to surgery.” [199] 

3) “If a GCPS score equal or greater than 6 (out of 24) was assigned postoperatively, additional analgesia was 
provided with methadone 0.1 mg kg−1 IM (or IV if required), and pain reassessed 30 minutes later. The number of 
methadone doses was recorded.” [44] 

 

16b. Report any expected or unexpected adverse events. 

Explanation 

Reporting adverse events allows other researchers to minimise the risk of these events occurring in their own 
studies and to plan appropriate welfare assessments. If the experiment is testing the efficacy of a treatment, the 
occurrence of adverse events may alter the balance between treatment benefit and risk [33].  

Report any adverse events, expected or unexpected, that had a negative impact on the welfare of the animals in 
the study (e.g. cardiovascular and respiratory depression, CNS disturbance, hypothermia, reduction of food intake). 
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Examples 

1) “Murine lymph node tumors arose in 11 of 12 mice that received N2-transduced human cells. The neo gene 
could be detected in murine cells as well as in human cells. Significant lymphoproliferation could be seen only in 
the murine pre-T cells. It took 5 months for murine leukemia to arise; the affected mice displayed symptoms of 
extreme sickness rapidly, with 5 of the 12 mice becoming moribund on exactly the same day (Figure 3), and 6 
others becoming moribund within a 1-month period…Of the 12 mice that had received N2-transduced human 
cells, 11 had to be killed because they developed visibly enlarged lymph nodes and spleen, hunching, and 
decrease in body weight, as shown in Figure 3….The 12th mouse was observed carefully for 14 months; it did not 
show any signs of leukemia or other adverse events, and had no abnormal tissues when it was autopsied.…The 
mice were observed at least once daily for signs of illness, which were defined as any one or more of the 
following: weight loss, hunching, lethargy, rapid breathing, skin discoloration or irregularities, bloating, hemi-
paresis, visibly enlarged lymph nodes, and visible solid tumors under the skin. Any signs of illness were logged as 
“adverse events” in the experiment, the mouse was immediately killed, and an autopsy was performed to establish 
the cause of illness.” [200] 

2) “Although procedures were based on those reported in the literature, dogs under Protocol 1 displayed high 
levels of stress and many experienced vomiting. This led us to significantly alter procedures in order to optimize 
the protocol for the purposes of our own fasting and postprandial metabolic studies.” [201]  

 

16c. Describe the humane endpoints established for the study and the frequency of monitoring. 

Explanation 

Humane endpoints are predetermined morphological, physiological and/or behavioural signs that define the 
circumstances under which an animal will be removed from an experimental study. The use of humane endpoints 
can help minimise harm while allowing the scientific objectives to be achieved [202]. Report the humane endpoints 
that were established for the specific study, species and strain. Include clear criteria of the clinical signs monitored 
[127], and clinical signs that led to euthanasia or other defined actions. Include details such as general welfare 
indicators (e.g. weight loss, reduced food intake, abnormal posture) and procedure-specific welfare indicators (e.g. 
tumour size in cancer studies [47], sensory motor deficits in stroke studies [203]).  

Report the timing and frequency of monitoring, taking into consideration the normal circadian rhythm of the animal 
and timing of scientific procedures, as well as any increase in the frequency of monitoring (e.g. post-surgery 
recovery, critical times during disease studies, or following the observation of an adverse event). Publishing score 
sheets of the clinical signs that were monitored [204] can help guide other researchers to develop clinically relevant 
welfare assessments, particularly for studies reporting novel procedures.  

Example 

1) “Both the research team and the veterinary staff monitored animals twice daily. Health was monitored by weight 
(twice weekly), food and water intake, and general assessment of animal activity, panting, and fur condition…. The 
maximum size the tumors allowed to grow in the mice before euthanasia was 2000 mm3.” [205] 

 

Item 17. Interpretation/scientific implications 

17a. Interpret the results, taking into account the study objectives and hypotheses, current theory and 
other relevant studies in the literature. 

Explanation 

It is important to interpret the results of the study in the context of the study objectives (see item 13 – Objectives). 
For hypothesis-testing studies, interpretations should be restricted to the primary outcome (see item 6 – Outcome 
measures). Exploratory results derived from additional outcomes should not be described as conclusive, as they 
may be underpowered and less reliable. 
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Discuss the findings in the context of current theory, ideally with reference to a relevant systematic review, as 
individual studies do not provide a complete picture. If a systematic review is not available, take care to avoid 
selectively citing studies that corroborate the results, or only those that report statistically significant findings [206].  

Where appropriate, describe any implications of the experimental methods or research findings for improving 
welfare standards or reducing the number of animals used in future studies (e.g. the use of a novel approach 
reduced the results’ variability, thus enabling the use of smaller group sizes without losing statistical power). This 
may not be the primary focus of the research but reporting this information enables wider dissemination and uptake 
of refined techniques within the scientific community.  

Examples  

1) “This is in contrast to data provided by an ‘intra-renal IL-18 overexpression’ model [43], and may reflect an IL-18 
concentration exceeding the physiologic range in the latter study.” [207] 

2) “The new apparatus shows potential for considerably reducing the number of animals used in memory tasks 
designed to detect potential amnesic properties of new drugs ... approximately 43,000 animals have been used in 
these tasks in the past 5 years but with the application of the continual trials apparatus we estimate that this could 
have been reduced to 26,000…. with the new paradigm the number of animals needed to obtain reliable results 
and maintain the statistical power of the tasks is greatly reduced.” [208] 

3) “In summary, our results show that IL-1Ra protects against brain injury and reduces neuroinflammation when 
administered peripherally to aged and comorbid animals at reperfusion or 3 hours later. These findings address 
concerns raised in a recent systematic review on IL-1Ra in stroke [209], and provide further supporting evidence 
for IL-1Ra as a lead candidate for the treatment of ischemic stroke.” [210] 

 

17b. Comment on the study limitations including potential sources of bias, limitations of the animal 
model, and imprecision associated with the results. 

Explanation 

Discussing the limitations of the work is important to place the findings in context, interpret the validity of the 
results, and ascribe a credibility level to its conclusions [211]. Limitations are unavoidable in scientific research, and 
describing them is essential to share experience, guide best practice, and aid the design of future experiments.  

Discuss the quality of evidence presented in the study, and consider how appropriate the animal model is to the 
specific research question. A discussion on the rigour of the study design to isolate cause and effect (also known 
as internal validity [212]) should include whether potential risks of bias have been addressed [9]. 

Examples 

1) “Although in this study we did not sample the source herds, the likelihood of these herds to be Influenza A virus 
(IAV) positive is high given the commonality of IAV infections in the Midwest. However, we cannot fully rule out the 
possibility that new gilts became infected with resident viruses after arrival to the herd. Although new gilts were 
placed into isolated designated areas and procedures were in place to minimize disease transmission (eg. 
isolation, vaccination), these areas or procedures might not have been able to fully contain infections within the 
designated areas.” [213] 

2) “Even though our data demonstrates that sustained systemic TLR9 stimulation aggravates diastolic HF in our 
model of gene-targeted diastolic HF, there are several limitations as to mechanistic explanations of causality, as 
well as extrapolations to clinical inflammatory disease states and other HF conditions. First, our pharmacological 
inflammatory model does not allow discrimination between effects caused by direct cardiac TLR9 stimulation to 
that of indirect effects mediated by systemic inflammation. Second, although several systemic inflammatory 
conditions have disturbances in the innate immune system as important features, and some of these again 
specifically encompassing distorted TLR9 signalling [34], sustained TLR9 stimulation does not necessarily 
represent a clinically relevant inflammatory condition. Finally, the cardiac myocyte SERCA2a KO model does not 
adequately represent the molecular basis for, or the clinical features of, diastolic HF.” [214] 
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Item 18. Generalisability/translation 

Comment on whether, and how, the findings of this study are likely to generalise to other species or 
experimental conditions, including any relevance to human biology (where appropriate). 

Explanation  

An important purpose of publishing research findings is to inform future research. In the context of animal studies, 
this might take the form of further in vivo research or another research domain (e.g. human clinical trial). Thoughtful 
consideration is warranted, as additional unnecessary animal studies are wasteful and unethical. Similarly, human 
clinical trials initiated based on insufficient or misleading animal research evidence increase research waste and 
negatively influence the risk-benefit balance for research participants [212, 215].  

Consider whether the findings may be used to inform future research in a broadly similar context, or whether 
enough evidence has been accumulated in the literature to justify further research in another species or in humans. 
Discuss what (if any) further research may be required to allow generalisation or translation. Discuss and interpret 
the results in relation to current evidence, and in particular whether similar [216] or otherwise supportive [217] 
findings have been reported by other groups. Discuss the range of circumstances in which the effect is observed, 
and factors which may moderate that effect. Such factors could include for example the population (e.g. age, sex, 
strain, species), the intervention (e.g. different drugs of the same class), and the outcome measured (e.g. different 
approaches to assessing memory).   

Examples  

1) “Our results demonstrate that hDBS robustly modulates the mesolimbic network. This finding may hold clinical 
relevance for hippocampal DBS therapy in epilepsy cases, as connectivity in this network has previously been 
shown to be suppressed in mTLE. Further research is necessary to investigate potential DBS-induced restoration 
of MTLE-induced loss of functional connectivity in mesolimbic brain structures.” [218] 

2) “The tumor suppressor effects of GAS1 had been previously reported in cell cultures or in xenograft models, 
this is the first work in which the suppressor activity of murine Gas1 is reported for primary tumors in vivo. Recent 
advances in the design of safe vectors for transgene delivery may result in extrapolating our results to humans 
and so a promising field of research emerges in the area of hepatic, neoplastic diseases.” [219] 

 

Item 19. Protocol registration  

Provide a statement indicating whether a protocol (including the research question, key design features, 
and analysis plan) was prepared before the study, and if and where this protocol was registered. 

Explanation 

Akin to the approach taken for clinical trials, protocol registration has emerged as a mechanism that is likely to 
improve the transparency of animal research [215, 220, 221]. Registering a protocol before the start of the 
experiment enables researchers to demonstrate that the hypothesis, approach and analysis were planned in 
advance and not shaped by data as they emerged; it enhances scientific rigour and protects the researcher against 
concerns about selective reporting of results [222, 223]. A protocol should consist of a) the question being 
addressed and the key features of the research that is proposed, such as the hypothesis being tested and the 
primary outcome measure (if applicable), the statistical analysis plan; and b) the laboratory procedures to be used 
to perform the planned experiment.  

Protocols may be registered with different levels of completeness. For example, in the Registered Report format 
offered by an increasing number of journals, protocols undergo peer review and if accepted, the journal commits to 
publishing the completed research regardless of the results obtained [220]. 

Other online resources include the Open Science Framework [224], which is suitable to deposit PHISPS 
(Population; Hypothesis; Intervention; Statistical Analysis Plan; Primary; Outcome Measure; Sample Size 
Calculation) protocols [225] and provide researchers with the flexibility to embargo the preregistration and keep it 
from public view until the research is published, and selectively share it with reviewers and editors. The EDA can 
also be used to generate a time-stamped PDF, which sets out key elements of the experimental design [18]. This 
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can be used to demonstrate that the study conduct, analysis and reporting were not unduly driven by emerging 
data. As a minimum we recommend registering protocols containing all PHISPS components as outlined above. 

Provide a statement indicating whether or not any protocol was prepared before the study, and if applicable, the 
location of its registration. Where there have been deviations from the protocol, describe the rationale for these 
changes in the publication so that readers can take this into account when assessing the findings. 

Examples 

1) “A detailed description of all protocols can be found in the Registered Report (Kandela et al., 2015). Additional 
detailed experimental notes, data, and analysis are available on the Open Science Framework (OSF) (RRID: 
SCR_003238) (https://osf.io/xu1g2/; Mantis et al., 2016).” [226]  

2 )“To maximise the objectivity of the presented analyses, we preregistered this study with its two hypotheses, its 
planned methods, and its complete plan of data analysis before the start of data collection (https://osf.io/fh8eq/), 
and we closely adhered to our plan… All statistical analyses closely followed our preregistered analysis plan 
(https://osf.io/fh8eq/).” [227] 

3) “We preregistered our analyses with the Open Science Framework which facilitates reproducibility and open 
collaboration in science research (Foster & Deardorff, 2017). Our preregistration: Sheldon and Griffith (2017), was 
carried out to limit the number of analyses conducted and to validate our commitment to testing a limited number 
of a priori hypotheses. Our methods are consistent with this preregistration (Sheldon & Griffith, 2017).” [228]  

 

Item 20. Data access  

Provide a statement describing if and where study data are available. 

Explanation  

A data sharing statement describes how others can access the data on which the paper is based. Sharing 
adequately annotated data allows others to replicate data analyses, so that results can be independently tested 
and verified. Data sharing allows the data to be repurposed and new datasets to be created by combining data 
from multiple studies (e.g. to be used in secondary analyses). This allows others to explore new topics and 
increases the impact of the study, potentially preventing unnecessary use of animals and providing more value for 
money. Access to raw data also facilitates text and automated data mining [229].  

An increasing number of publishers and funding bodies require authors or grant holders to make their data publicly 
available [230]. Journal articles with accompanying data may be cited more frequently [231]. Datasets can also be 
independently cited in their own right, which provides additional credit for authors. This practice is gaining 
increasing recognition and acceptance [232].   

Where possible, make available all data that contribute to summary estimates or claims presented in the paper. 
Data should follow the FAIR guiding principles [233], that is data are findable, accessible (i.e. don’t use outdated 

file types), interoperable (can be used on multiple platforms and with multiple software packages) and re-usable 
(i.e. have adequate data descriptors).  

Data can be made publicly available via a structured, specialised (domain-specific), open access repository such 
as those maintained by NCBI (https://www.ncbi.nlm.nih.gov/) or EBI (https://www.ebi.ac.uk/). If such a repository is 
not available, data can be deposited in unstructured but publicly available repositories (e.g. Figshare 
(https://figshare.com/), Dryad (https://datadryad.org/), Zenodo (https://zenodo.org/) or Open Science Framework 
(https://osf.io/)). There are also search platforms to identify relevant repositories with rigorous standards (e.g. 
FairSharing (https://fairsharing.org/) and re3data (https://www.re3data.org/). 

Examples 

1) “Data Availability Statement: All data are available from Figshare at 
http://dx.doi.org/10.6084/m9.figshare.1288935.” [234] 
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2) “A fundamental goal in generating this dataset is to facilitate access to spiny mouse transcript sequence 
information for external collaborators and researchers. The sequence reads and metadata are available from the 
NCBI (PRJNA342864) and assembled transcriptomes (Trinity_v2.3.2 and tr2aacds_v2) are available from the 
Zenodo repository (https://doi.org/10.5281/zenodo.808870), however accessing and utilizing this data can be 
challenging for researchers lacking bioinformatics expertise. To address this problem we are hosting a 
SequenceServer32 BLAST-search website 
(http://spinymouse.erc.monash.edu/sequenceserver/http://spinymouse.erc.monash.edu/sequenceserver/). This 
resource provides a user-friendly interface to access sequence information from the tr2aacds_v2 assembly (to 
explore annotated protein-coding transcripts) and/or the Trinity_v2.3.2 assembly (to explore non-coding 
transcripts).” [235] 

 

Item 21. Declaration of interests 

21a. Declare any potential conflicts of interest, including financial and non-financial. If none exist, this 
should be stated. 

Explanation 

A competing or conflict of interest is anything that interferes with (or could be perceived as interfering with) the full 
and objective presentation, analysis, and interpretation of the research. Competing or conflicts of interest can be 
financial or non-financial, professional or personal. They can exist in institutions, in teams, or with individuals. 
Potential competing interests are considered in peer review, editorial and publication decisions; the aim is to 
ensure transparency, and in most cases, a declaration of a conflict of interest does not obstruct the publication or 
review process. 

Examples are provided in Box 8. If unsure, declare all potential conflicts, including both perceived and real conflicts 
of interest [236]. 

Box 8: Examples of competing or conflicts of interest 

Financial:  
Funding and other payments received or expected by the authors directly arising from the 
publication of the study, or funding or other payments from an organisation with an interest in the 
outcome of the work.  

Non-financial:  
Research that may benefit the individual or institution in terms of goods in kind. This includes 
unpaid advisory position in a government, non-government organisation or commercial 
organisations. 

Affiliations:  
Employed by, on the advisory board or a member of an organisation with an interest in the outcome 
of the work. 

Intellectual property:  
Patents or trademarks owned by someone or their organisation. This also includes the potential 
exploitation of the scientific advance being reported for the institution, the authors, or the research 
funders. 

Personal:  
Friends, family, relationships, and other close personal connections to people who may potentially 
benefit financially or in other ways from the research.  

Ideology:  
Beliefs or activism (e.g. political or religious) relevant to the work. Membership of a relevant 
advocacy or lobbying organisation. 
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Examples  

1) “The study was funded by Gubra ApS. LSD; PJP ; GH ; KF and HBH are employed by Gubra ApS. JJ and NV 
are the owners of Gubra ApS. Gubra ApS provided support in the form of materials and salaries for authors LSD ; 
PJP ; GH ; KF ; HBH ; JJ and NV.” [237] 

2) “The authors have declared that no competing interests exist.” [238]. 

 

21b. List all funding sources (including grant identifier) and the role of the funder(s) in the design, 
analysis and reporting of the study.  

Explanation 

The identification of funding sources allows the reader to assess any competing interests, and any potential 
sources of bias. For example, bias, as indicated by a prevalence of more favourable outcomes, has been 
demonstrated for clinical research funded by industry compared to studies funded by other sources [239-241]. 
Evidence for preclinical research also indicates that funding sources may influence the interpretation of study 
outcomes [236, 242]. 

Report the funding information including the financial supporting body(s) and any grant identifier(s). Include the role 
of the funder in the design, analysis, reporting and/or or decision to publish. If the research did not receive specific 
funding, but was performed as part of the employment of the authors, name the employer.  

Examples 

1) “Support was provided by the Italian Ministry of Health: Current research funds PRC 2010/001 
[http://www.salute.gov.it/] to MG. The funders had no role in study design, data collection and analysis, decision to 
publish, or preparation of the manuscript.” [243] 

2) “This study was financially supported by the Tuberculosis and Lung Research Center of Tabriz University of 
Medical Sciences and the Research Council of University of Tabriz. The funders had no role in study design, data 
collection and analysis, decision to publish, or preparation of the manuscript.” [244] 

3) “This work was supported by the salary paid to AEW. The funder had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.” [245] 
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The CONSORT statement is used worldwide 
to improve the reporting of randomised 
controlled trials. Kenneth Schulz and 
colleagues describe the latest version, 
CONSORT 2010, which updates the reporting 
guideline based on new methodological 
evidence and accumulating experience

Randomised controlled trials, when appropriately designed, 
conducted, and reported, represent the gold standard in eval‑
uating healthcare interventions. However, randomised trials 
can yield biased results if they lack methodological rigour.1 To 
assess a trial accurately, readers of a published report need 
complete, clear, and transparent information on its method‑
ology and findings. Unfortunately, attempted assessments 
frequently fail because authors of many trial reports neglect 
to provide lucid and complete descriptions of that critical 
information.2‑4

That lack of adequate reporting fuelled the development of 
the original CONSORT (Consolidated Standards of Reporting 
Trials) statement in 19965 and its revision five years later.6‑8 
While those statements improved the reporting quality for 
some randomised controlled trials,9 10 many trial reports still 
remain inadequate.2 Furthermore, new methodological evi‑
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CONSORT 2010 Statement: updated guidelines for reporting 
parallel group randomised trials
Kenneth F Schulz,1 Douglas G Altman,2 David Moher,3 for the CONSORT Group

Flow diagram of the progress through the phases of a parallel randomised trial of two groups 
(that is, enrolment, intervention allocation, follow-up, and data analysis)
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dence and additional experience has accumulated since the 
last revision in 2001. Consequently, we organised a CONSORT 
Group meeting to update the 2001 statement.6‑8 We introduce 
here the result of that process, CONSORT 2010.

Intent of CONSORT 2010
The CONSORT 2010 Statement is this paper including the 
25 item checklist in the table and the flow diagram. It pro‑
vides guidance for reporting all randomised controlled trials, 
but focuses on the most common design type—individually 
randomised, two group, parallel trials. Other trial designs, 
such as cluster randomised trials and non-inferiority tri‑
als, require varying amounts of additional information. 
CONSORT extensions for these designs,11 12 and other  
CONSORT products, can be found through the CONSORT 
website (www.consort-statement.org). Along with the  
CONSORT statement, we have updated the explanation and 
elaboration article,13 which explains the inclusion of each 
checklist item, provides methodological background, and 
gives published examples of transparent reporting.

Diligent adherence by authors to the checklist items facili‑
tates clarity, completeness, and transparency of reporting. 
Explicit descriptions, not ambiguity or omission, best serve 
the interests of all readers. Note that the CONSORT 2010 
Statement does not include recommendations for design‑
ing, conducting, and analysing trials. It solely addresses the 
reporting of what was done and what was found.

Nevertheless, CONSORT does indirectly affect design 
and conduct. Transparent reporting reveals deficiencies in 
research if they exist. Thus, investigators who conduct inad‑
equate trials, but who must transparently report, should 
not be able to pass through the publication process without 
revelation of their trial’s inadequacies. That emerging reality 
should provide impetus to improved trial design and conduct 
in the future, a secondary indirect goal of our work. Moreover, 
CONSORT can help researchers in designing their trial.

Background to CONSORT
Efforts to improve the reporting of randomised control‑
led trials accelerated in the mid-1990s, spurred partly by 
methodological research. Researchers had shown for many 
years that authors reported such trials poorly, and empiri‑
cal evidence began to accumulate that some poorly con‑
ducted or poorly reported aspects of trials were associated 
with bias.14 Two initiatives aimed at developing reporting 
guidelines culminated in one of us (DM) and Drummond 
Rennie organising the first CONSORT statement in 1996.5 
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CONSORT 2010 checklist of information to include when reporting a randomised trial*
Section/Topic Item No Checklist item

Title and abstract
1a Identification as a randomised trial in the title
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts21 31)

Introduction
Background and 
objectives

2a Scientific background and explanation of rationale
2b Specific objectives or hypotheses

Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio

3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons
Participants 4a Eligibility criteria for participants

4b Settings and locations where the data were collected
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed

6b Any changes to trial outcomes after the trial commenced, with reasons
Sample size 7a How sample size was determined

7b When applicable, explanation of any interim analyses and stopping guidelines
Randomisation:
  Sequence 
generation

8a Method used to generate the random allocation sequence
8b Type of randomisation; details of any restriction (such as blocking and block size)

  Allocation 
concealment 
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the 
sequence until interventions were assigned

Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how

11b If relevant, description of the similarity of interventions
Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses
Results
Participant flow (a 
diagram is strongly 
recommended)

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
13b For each group, losses and exclusions after randomisation, together with reasons

Recruitment 14a Dates defining the periods of recruitment and follow-up
14b Why the trial ended or was stopped

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
Outcomes and 
estimation

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)
17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms28)
Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability 21 Generalisability (external validity, applicability) of the trial findings
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
Other information
Registration 23 Registration number and name of trial registry
Protocol 24 Where the full trial protocol can be accessed, if available
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders
*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration13 for important clarifications on all the items. If relevant, we also 
recommend reading CONSORT extensions for cluster randomised trials,11 non-inferiority and equivalence trials,12 non-pharmacological treatments,32 herbal interventions,33 and pragmatic 
trials.34 Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.

Further methodologi cal research on similar topics rein‑
forced earlier findings15 and fed into the revision of 2001.6‑8 
Subsequently, the expanding body of methodological 
research informed the refinement of CONSORT 2010. More 
than 700 studies comprise the CONSORT database (located 
on the CONSORT website), which provides the empirical 
evidence to underpin the CONSORT initiative.

Indeed, CONSORT Group members continually monitor the 
literature. Information gleaned from these efforts provides an 
evidence base on which to update the CONSORT statement. 
We add, drop, or modify items based on that evidence and 
the recommendations of the CONSORT Group, an interna‑

tional and eclectic group of clinical trialists, statisticians, 
epidemiologists, and biomedical editors. The CONSORT 
Executive (KFS, DGA, DM) strives for a balance of established 
and emerging researchers. The membership of the group 
is dynamic. As our work expands in response to emerging 
projects and needed expertise, we invite new members to 
contribute. As such, CONSORT continually assimilates new 
ideas and perspectives. That process informs the continually 
evolving CONSORT statement.

Over time, CONSORT has garnered much support. More 
than 400 journals, published around the world and in 
many languages, have explicitly supported the CONSORT 
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Box 1 | Noteworthy general changes in CONSORT 2010 Statement

We simplified and clarified the wording, such as in items 1, 8, 10, 13, 15, 16, 18, 19, and 21•	
We improved consistency of style across the items by removing the imperative verbs that •	
were in the 2001 version
We enhanced specificity of appraisal by breaking some items into sub-items. Many journals •	
expect authors to complete a CONSORT checklist indicating where in the manuscript the 
items have been addressed. Experience with the checklist noted pragmatic difficulties 
when an item comprised multiple elements. For example, item 4 addresses eligibility of 
participants and the settings and locations of data collection. With the 2001 version, an 
author could provide a page number for that item on the checklist, but might have reported 
only eligibility in the paper, for example, and not reported the settings and locations. 
CONSORT 2010 relieves obfuscations and forces authors to provide page numbers in the 
checklist for both eligibility and settings

statement. Many other healthcare journals support it with‑
out our knowledge. Moreover, thousands more have implic‑
itly supported it with the endorsement of the CONSORT 
statement by the International Committee of Medical Journal 
Editors (www.icmje.org). Other prominent editorial groups, 
the Council of Science Editors and the World Association 
of Medical Editors, officially support CONSORT. That sup‑
port seems warranted: when used by authors and journals, 
CONSORT seems to improve reporting.9

Development of CONSORT 2010
Thirty one members of the CONSORT 2010 Group met in 
Montebello, Canada, in January 2007 to update the 2001 
CONSORT statement. In addition to the accumulating evi‑
dence relating to existing checklist items, several new issues 
had come to prominence since 2001. Some participants were 
given primary responsibility for aggregating and synthesis‑
ing the relevant evidence on a particular checklist item of 
interest. Based on that evidence, the group deliberated the 
value of each item. As in prior CONSORT versions, we kept 
only those items deemed absolutely fundamental to report‑
ing a randomised controlled trial. Moreover, an item may be 
fundamental to a trial but not included, such as approval 
by an institutional ethical review board, because funding 
bodies strictly enforce ethical review and medical journals 
usually address reporting ethical review in their instructions 
for authors. Other items may seem desirable, such as report‑
ing on whether on-site monitoring was done, but a lack of 
empirical evidence or any consensus on their value cautions 
against inclusion at this point. The CONSORT 2010 State‑
ment thus addresses the minimum criteria, although that 
should not deter authors from including other information 
if they consider it important.

After the meeting, the CONSORT Executive convened 
teleconferences and meetings to revise the checklist. After 
seven major iterations, a revised checklist was distributed to 
the larger group for feedback. With that feedback, the execu‑
tive met twice in person to consider all the comments and to 
produce a penultimate version. That served as the basis for 
writing the first draft of this paper, which was then distrib‑
uted to the group for feedback. After consideration of their 
comments, the executive finalised the statement.

The CONSORT Executive then drafted an updated expla‑
nation and elaboration manuscript, with assistance from 
other members of the larger group. The substance of the 2007 
CONSORT meeting provided the material for the update. The 
updated explanation and elaboration manuscript was distrib‑
uted to the entire group for additions, deletions, and changes. 

That final iterative process converged to the CONSORT 2010 
Explanation and Elaboration.13

Changes in CONSORT 2010
The revision process resulted in evolutionary, not revolution‑
ary, changes to the checklist (table), and the flow diagram 
was not modified except for one word (figure). Moreover, 
because other reporting guidelines augmenting the check‑
list refer to item numbers, we kept the existing items under 
their previous item numbers except for some renumbering of 
items 2 to 5. We added additional items either as a sub-item 
under an existing item, an entirely new item number at the 
end of the checklist, or (with item 3) an interjected item into 
a renumbered segment. We have summarised the noteworthy 
general changes in box 1 and specific changes in box 2. The 
CONSORT website contains a side by side comparison of the 
2001 and 2010 versions.

Implications and limitations
We developed CONSORT 2010 to assist authors in writing 
reports of randomised controlled trials, editors and peer 
reviewers in reviewing manuscripts for publication, and read‑
ers in critically appraising published articles. The CONSORT 
2010 Explanation and Elaboration provides elucidation 
and context to the checklist items. We strongly recommend 
using the explanation and elaboration in conjunction with 
the checklist to foster complete, clear, and transparent report‑
ing and aid appraisal of published trial reports.

CONSORT 2010 focuses predominantly on the two group, 
parallel randomised controlled trial, which accounts for 
over half of trials in the literature.2 Most of the items from 
the CONSORT 2010 Statement, however, pertain to all types 
of randomised trials. Nevertheless, some types of trials or 
trial situations dictate the need for additional information 
in the trial report. When in doubt, authors, editors, and read‑
ers should consult the CONSORT website for any CONSORT 
extensions, expansions (amplifications), implementations, 
or other guidance that may be relevant.

The evidence based approach we have used for CONSORT 
also served as a model for development of other reporting 
guidelines, such as for reporting systematic reviews and 
meta-analyses of studies evaluating interventions,16 diag‑
nostic studies,17 and observational studies.18 The explicit 
goal of all these initiatives is to improve reporting. The 
Enhancing the Quality and Transparency of Health Research 
(EQUATOR) Network will facilitate development of report‑
ing guidelines and help disseminate the guidelines: www.
equator-network.org provides information on all reporting 
guidelines in health research.

With CONSORT 2010, we again intentionally declined to 
produce a rigid structure for the reporting of randomised tri‑
als. Indeed, SORT19 tried a rigid format, and it failed in a pilot 
run with an editor and authors.20 Consequently, the format 
of articles should abide by journal style, editorial directions, 
the traditions of the research field addressed, and, where pos‑
sible, author preferences. We do not wish to standardise the 
structure of reporting. Authors should simply address check‑
list items somewhere in the article, with ample detail and 
lucidity. That stated, we think that manuscripts benefit from 
frequent subheadings within the major sections, especially 
the methods and results sections.
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Box 2 | Noteworthy specific changes in CONSORT 2010 Statement

•	Item 1b (title and abstract)—We added a sub-item on providing a structured summary of trial design, methods, results, and conclusions and referenced the CONSORT 
for abstracts article21

•	Item 2b (introduction)—We added a new sub-item (formerly item 5 in CONSORT 2001) on “Specific objectives or hypotheses”
•	Item 3a (trial design)—We added a new item including this sub-item to clarify the basic trial design (such as parallel group, crossover, cluster) and the allocation ratio
•	Item 3b (trial design)—We added a new sub-item that addresses any important changes to methods after trial commencement, with a discussion of reasons
•	Item 4 (participants)—Formerly item 3 in CONSORT 2001
•	Item 5 (interventions)—Formerly item 4 in CONSORT 2001. We encouraged greater specificity by stating that descriptions of interventions should include “sufficient 

details to allow replication”3

•	Item 6 (outcomes)—We added a sub-item on identifying any changes to the primary and secondary outcome (endpoint) measures after the trial started. This followed 
from empirical evidence that authors frequently provide analyses of outcomes in their published papers that were not the prespecified primary and secondary 
outcomes in their protocols, while ignoring their prespecified outcomes (that is, selective outcome reporting).4 22 We eliminated text on any methods used to enhance 
the quality of measurements

•	Item 9 (allocation concealment mechanism)—We reworded this to include mechanism in both the report topic and the descriptor to reinforce that authors should 
report the actual steps taken to ensure allocation concealment rather than simply report imprecise, perhaps banal, assurances of concealment

•	Item 11 (blinding)—We added the specification of how blinding was done and, if relevant, a description of the similarity of interventions and procedures. We also 
eliminated text on “how the success of blinding (masking) was assessed” because of a lack of empirical evidence supporting the practice as well as theoretical 
concerns about the validity of any such assessment23 24

•	Item 12a (statistical methods)—We added that statistical methods should also be provided for analysis of secondary outcomes
•	Sub-item 14b (recruitment)—Based on empirical research, we added a sub-item on “Why the trial ended or was stopped”25

•	Item 15 (baseline data)—We specified “A table” to clarify that baseline and clinical characteristics of each group are most clearly expressed in a table
•	Item 16 (numbers analysed)—We replaced mention of “intention to treat” analysis, a widely misused term, by a more explicit request for information about retaining 

participants in their original assigned groups26

•	Sub-item 17b (outcomes and estimation)—For appropriate clinical interpretability, prevailing experience suggested the addition of “For binary outcomes, 
presentation of both relative and absolute effect sizes is recommended”27

•	Item 19 (harms)—We included a reference to the CONSORT paper on harms28

•	Item 20 (limitations)—We changed the topic from “Interpretation” and supplanted the prior text with a sentence focusing on the reporting of sources of potential bias 
and imprecision

•	Item 22 (interpretation)—We changed the topic from “Overall evidence.” Indeed, we understand that authors should be allowed leeway for interpretation under 
this nebulous heading. However, the CONSORT Group expressed concerns that conclusions in papers frequently misrepresented the actual analytical results and 
that harms were ignored or marginalised. Therefore, we changed the checklist item to include the concepts of results matching interpretations and of benefits being 
balanced with harms

•	Item 23 (registration)—We added a new item on trial registration. Empirical evidence supports the need for trial registration, and recent requirements by journal 
editors have fostered compliance29

•	Item 24 (protocol)—We added a new item on availability of the trial protocol. Empirical evidence suggests that authors often ignore, in the conduct and reporting of 
their trial, what they stated in the protocol.4 22 Hence, availability of the protocol can instigate adherence to the protocol before publication and facilitate assessment 
of adherence after publication

•	Item 25 (funding)—We added a new item on funding. Empirical evidence points toward funding source sometimes being associated with estimated treatment effects30

CONSORT urges completeness, clarity, and transparency 
of reporting, which simply reflects the actual trial design 
and conduct. However, as a potential drawback, a reporting 
guideline might encourage some authors to report fictitiously 
the information suggested by the guidance rather than what 
was actually done. Authors, peer reviewers, and editors 
should vigilantly guard against that potential drawback and 
refer, for example, to trial protocols, to information on trial 
registers, and to regulatory agency websites. Moreover, the 
CONSORT 2010 Statement does not include recommenda‑
tions for designing and conducting randomised trials. The 
items should elicit clear pronouncements of how and what 
the authors did, but do not contain any judgments on how 
and what the authors should have done. Thus, CONSORT 
2010 is not intended as an instrument to evaluate the quality 
of a trial. Nor is it appropriate to use the checklist to construct 
a “quality score.”

Nevertheless, we suggest that researchers begin trials with 
their end publication in mind. Poor reporting allows authors, 
intentionally or inadvertently, to escape scrutiny of any weak 
aspects of their trials. However, with wide adoption of CON‑
SORT by journals and editorial groups, most authors should 

have to report transparently all important aspects of their 
trial. The ensuing scrutiny rewards well conducted trials and 
penalises poorly conducted trials. Thus, investigators should 
understand the CONSORT 2010 reporting guidelines before 
starting a trial as a further incentive to design and conduct 
their trials according to rigorous standards.

CONSORT 2010 supplants the prior version published in 
2001. Any support for the earlier version accumulated from 
journals or editorial groups will automatically extend to this 
newer version, unless specifically requested otherwise. Jour‑
nals that do not currently support CONSORT may do so by 
registering on the CONSORT website. If a journal supports or 
endorses CONSORT 2010, it should cite one of the original 
versions of CONSORT 2010, the CONSORT 2010 Explanation 
and Elaboration, and the CONSORT website in their “Instruc‑
tions to authors.” We suggest that authors who wish to cite 
CONSORT should cite this or another of the original journal 
versions of CONSORT 2010 Statement, and, if appropriate, 
the CONSORT 2010 Explanation and Elaboration.13 All CON‑
SORT material can be accessed through the original publish‑
ing journals or the CONSORT website. Groups or individuals 
who desire to translate the CONSORT 2010 Statement into 
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other languages should first consult the CONSORT policy 
statement on the website.

We emphasise that CONSORT 2010 represents an evolving 
guideline. It requires perpetual reappraisal and, if necessary, 
modifications. In the future we will further revise the CON‑
SORT material considering comments, criticisms, experi‑
ences, and accumulating new evidence. We invite readers to 
submit recommendations via the CONSORT website.
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“The whole of medicine depends on the transparent report‑
ing of clinical trials.”1

Well designed and properly executed randomised con‑
trolled trials (RCTs) provide the most reliable evidence on 
the efficacy of healthcare interventions, but trials with 
inadequate methods are associated with bias, especially 
exaggerated treatment effects.2‑5 Biased results from poorly 
designed and reported trials can mislead decision making 
in health care at all levels, from treatment decisions for a 
patient to formulation of national public health policies.

Critical appraisal of the quality of clinical trials is possible 
only if the design, conduct, and analysis of RCTs are thor‑
oughly and accurately described in the report. Far from being 
transparent, the reporting of RCTs is often incomplete,6‑9 com‑
pounding problems arising from poor methodology.10‑15

Incomplete and inaccurate reporting
Many reviews have documented deficiencies in reports of 
clinical trials. For example, information on the method 
used in a trial to assign participants to comparison groups 
was reported in only 21% of 519 trial reports indexed in 
PubMed in 2000,16 and only 34% of 616 reports indexed 
in 2006.17 Similarly, only 45% of trial reports indexed 
in PubMed in 200016 and 53% in 200617 defined a pri‑

mary end point, and only 27% in 2000 and 45% in 2006 
reported a sample size calculation. Reporting is not only 
often incomplete but also sometimes inaccurate. Of 119 
reports stating that all participants were included in 
the analysis in the groups to which they were originally 
assigned (intention-to-treat analysis), 15 (13%) excluded 
patients or did not analyse all patients as allocated.18 Many 
other reviews have found that inadequate reporting is com‑
mon in specialty journals16 19 and journals published in 
languages other than English.20 21

Proper randomisation reduces selection bias at trial 
entry and is the crucial component of high quality RCTs.22 
Successful randomisation hinges on two steps: generation 
of an unpredictable allocation sequence and concealment 
of this sequence from the investigators enrolling partici‑
pants (see box 1).2 23

Unfortunately, despite that central role, reporting of 
the methods used for allocation of participants to inter‑
ventions is also generally inadequate. For example, 5% 
of 206 reports of supposed RCTs in obstetrics and gynae‑
cology journals described studies that were not truly ran‑
domised.23 This estimate is conservative, as most reports 
do not at present provide adequate information about the 
method of allocation.20 23 30‑ 33
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CONSORT 2010 Explanation and Elaboration: updated 
guidelines for reporting parallel group randomised trials
David Moher,1 Sally Hopewell,2 Kenneth F Schulz,3 Victor Montori,4 Peter C Gøtzsche,5 P J Devereaux,6 Diana 
Elbourne,7 Matthias Egger,8 Douglas G Altman2

Abstract
Overwhelming evidence shows the quality of reporting of randomised controlled trials (RCTs) is not optimal. Without 
transparent reporting, readers cannot judge the reliability and validity of trial findings nor extract information for systematic 
reviews. Recent methodological analyses indicate that inadequate reporting and design are associated with biased estimates 
of treatment effects. Such systematic error is seriously damaging to RCTs, which are considered the gold standard for 
evaluating interventions because of their ability to minimise or avoid bias.
A group of scientists and editors developed the CONSORT (Consolidated Standards of Reporting Trials) statement to improve 
the quality of reporting of RCTs. It was first published in 1996 and updated in 2001. The statement consists of a checklist 
and flow diagram that authors can use for reporting an RCT. Many leading medical journals and major international editorial 
groups have endorsed the CONSORT statement. The statement facilitates critical appraisal and interpretation of RCTs.
During the 2001 CONSORT revision, it became clear that explanation and elaboration of the principles underlying the 
CONSORT statement would help investigators and others to write or appraise trial reports. A CONSORT explanation and 
elaboration article was published in 2001 alongside the 2001 version of the CONSORT statement.
After an expert meeting in January 2007, the CONSORT statement has been further revised and is published as the CONSORT 
2010 Statement. This update improves the wording and clarity of the previous checklist and incorporates recommendations 
related to topics that have only recently received recognition, such as selective outcome reporting bias.
This explanatory and elaboration document—intended to enhance the use, understanding, and dissemination of the 
CONSORT statement—has also been extensively revised. It presents the meaning and rationale for each new and updated 
checklist item providing examples of good reporting and, where possible, references to relevant empirical studies. Several 
examples of flow diagrams are included.
The CONSORT 2010 Statement, this revised explanatory and elaboration document, and the associated website (www.
consort-statement.org) should be helpful resources to improve reporting of randomised trials.
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Improving the reporting of RCTs: the CONSORT statement
DerSimonian and colleagues suggested that “editors could 
greatly improve the reporting of clinical trials by providing 
authors with a list of items that they expected to be strictly 
reported.”34 Early in the 1990s, two groups of journal edi‑
tors, trialists, and methodologists independently published 
recommendations on the reporting of trials.35 36 In a subse‑
quent editorial, Rennie urged the two groups to meet and 
develop a common set of recommendations 37; the outcome 
was the CONSORT statement (Consolidated Standards of 
Reporting Trials).38

The CONSORT statement (or simply CONSORT) comprises 
a checklist of essential items that should be included in 
reports of RCTs and a diagram for documenting the flow of 
participants through a trial. It is aimed at primary reports of 
RCTs with two group, parallel designs. Most of CONSORT is 
also relevant to a wider class of trial designs, such as non-
inferiority, equivalence, factorial, cluster, and crossover tri‑
als. Extensions to the CONSORT checklist for reporting trials 
with some of these designs have been published,39‑41 as have 
those for reporting certain types of data (harms 42), types of 
interventions (non-pharmacological treatments 43, herbal 
interventions44), and abstracts.45

The objective of CONSORT is to provide guidance to authors 
about how to improve the reporting of their trials. Trial reports 
need be clear, complete, and transparent. Readers, peer 
reviewers, and editors can also use CONSORT to help them 

critically appraise and interpret reports of RCTs. However, 
CONSORT was not meant to be used as a quality assessment 
instrument. Rather, the content of CONSORT focuses on items 
related to the internal and external validity of trials. Many 
items not explicitly mentioned in CONSORT should also be 
included in a report, such as information about approval by 
an ethics committee, obtaining informed consent from par‑
ticipants, and, where relevant, existence of a data safety and 
monitoring committee. In addition, any other aspects of a 
trial that are mentioned should be properly reported, such 
as information pertinent to cost effectiveness analysis.46‑48

Since its publication in 1996, CONSORT has been sup‑
ported by more than 400 journals (www.consort-statement.
org) and several editorial groups, such as the International 
Committee of Medical Journal Editors.49 The introduction 
of CONSORT within journals is associated with improved 
quality of reports of RCTs.17 50 51 However, CONSORT is an 
ongoing initiative, and the CONSORT statement is revised 
periodically.3 CONSORT was last revised nine years ago, in 
2001.52‑54 Since then the evidence base to inform CONSORT 
has grown considerably; empirical data have highlighted new 
concerns regarding the reporting of RCTs, such as selective 
outcome reporting.55‑57 A CONSORT Group meeting was there‑
fore convened in January 2007, in Canada, to revise the 2001 
CONSORT statement and its accompanying explanation and 
elaboration document. The revised checklist is shown in table 
1 and the flow diagram, not revised, in fig 1.52‑54

The CONSORT 2010 Statement: explanation and 
elaboration
During the 2001 CONSORT revision, it became clear that 
explanation and elaboration of the principles underlying 
the CONSORT statement would help investigators and others 
to write or appraise trial reports. The CONSORT explanation 
and elaboration article58 was published in 2001 alongside 
the 2001 version of the CONSORT statement. It discussed the 
rationale and scientific background for each item and pro‑
vided published examples of good reporting. The rationale 
for revising that article is similar to that for revising the state‑
ment, described above. We briefly describe below the main 
additions and deletions to this version of the explanation and 
elaboration article.

The CONSORT 2010 Explanation and Elaboration: changes
We have made several substantive and some cosmetic 
changes to this version of the CONSORT explanatory docu‑
ment (full details are highlighted in the 2010 version of the 
CONSORT statement59). Some reflect changes to the CON‑

Box 1 |  Treatment allocation. What’s so special about randomisation?
The method used to assign interventions to trial participants is a crucial aspect of clinical trial design. Random assignment is the preferred method; it has been 
successfully used regularly in trials for more than 50 years.24 Randomisation has three major advantages.25 First, when properly implemented, it eliminates 
selection bias, balancing both known and unknown prognostic factors, in the assignment of treatments. Without randomisation, treatment comparisons 
may be prejudiced, whether consciously or not, by selection of participants of a particular kind to receive a particular treatment. Second, random assignment 
permits the use of probability theory to express the likelihood that any difference in outcome between intervention groups merely reflects chance.26 Third, 
random allocation, in some situations, facilitates blinding the identity of treatments to the investigators, participants, and evaluators, possibly by use of a 
placebo, which reduces bias after assignment of treatments.27 Of these three advantages, reducing selection bias at trial entry is usually the most important.28

Successful randomisation in practice depends on two interrelated aspects—adequate generation of an unpredictable allocation sequence and concealment 
of that sequence until assignment occurs.2 23 A key issue is whether the schedule is known or predictable by the people involved in allocating participants to 
the comparison groups.29 The treatment allocation system should thus be set up so that the person enrolling participants does not know in advance which 
treatment the next person will get, a process termed allocation concealment.2 23 Proper allocation concealment shields knowledge of forthcoming assignments, 
whereas proper random sequences prevent correct anticipation of future assignments based on knowledge of past assignments.

Fig 1 |  Flow diagram of the progress through the phases of a parallel randomised trial of two 
groups (that is, enrolment, intervention allocation, follow-up, and data analysis)52‑54
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SORT checklist; there are three new checklist items in the 
CONSORT 2010 checklist—such as item 24, which asks 
authors to report where their trial protocol can be accessed. 
We have also updated some existing explanations, including 
adding more recent references to methodological evidence, 
and used some better examples. We have removed the glos‑
sary, which is now available on the CONSORT website (www.

consort-statement.org). Where possible, we describe the 
findings of relevant empirical studies. Many excellent books 
on clinical trials offer fuller discussion of methodological 
issues.60‑62 Finally, for convenience, we sometimes refer to 
“treatments” and “patients,” although we recognise that not 
all interventions evaluated in RCTs are treatments and not 
all participants are patients.

Table 1 | CONSORT 2010 checklist of information to include when reporting a randomised trial*
Section/Topic Item No Checklist item Reported on page No

Title and abstract
1a Identification as a randomised trial in the title
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for 

abstracts45 65)
Introduction
Background and objectives 2a Scientific background and explanation of rationale

2b Specific objectives or hypotheses
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio

3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons
Participants 4a Eligibility criteria for participants

4b Settings and locations where the data were collected
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually 

administered
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were 

assessed
6b Any changes to trial outcomes after the trial commenced, with reasons

Sample size 7a How sample size was determined
7b When applicable, explanation of any interim analyses and stopping guidelines

Randomisation:
  Sequence generation 8a Method used to generate the random allocation sequence

8b Type of randomisation; details of any restriction (such as blocking and block size)
  Allocation concealment 
mechanism

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned

  Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing 
outcomes) and how

11b If relevant, description of the similarity of interventions
Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses
Results
Participant flow (a diagram is 
strongly recommended)

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and were 
analysed for the primary outcome

13b For each group, losses and exclusions after randomisation, together with reasons
Recruitment 14a Dates defining the periods of recruitment and follow-up

14b Why the trial ended or was stopped
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was by 

original assigned groups
Outcomes and estimation 17a For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such 

as 95% confidence interval)
17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms42)
Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability 21 Generalisability (external validity, applicability) of the trial findings
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
Other information
Registration 23 Registration number and name of trial registry
Protocol 24 Where the full trial protocol can be accessed, if available
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders
*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also recommend 
reading CONSORT extensions for cluster randomised trials,40 non-inferiority and equivalence trials,39 non-pharmacological treatments,43 herbal interventions,44 and pragmatic trials.41 Additional 
extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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of the full article.68‑71 Conversely, omitting important harms 
from the abstract could seriously mislead someone’s inter‑
pretation of the trial findings.42 72

A recent extension to the CONSORT statement provides 
a list of essential items that authors should include when 
reporting the main results of a randomised trial in a jour‑
nal (or conference) abstract (see table 2).45 We strongly 
recommend the use of structured abstracts for reporting ran‑
domised trials. They provide readers with information about 
the trial under a series of headings pertaining to the design, 
conduct, analysis, and interpretation.73 Some studies have 
found that structured abstracts are of higher quality than the 
more traditional descriptive abstracts74 75 and that they allow 
readers to find information more easily.76 We recognise that 
many journals have developed their own structure and word 
limit for reporting abstracts. It is not our intention to suggest 
changes to these formats, but to recommend what informa‑
tion should be reported.

Introduction
Item 2a. Scientific background and explanation of rationale
Example—“Surgery is the treatment of choice for patients 
with disease stage I and II non-small cell lung cancer (NSCLC) 
… An NSCLC meta-analysis combined the results from eight 
randomised trials of surgery versus surgery plus adjuvant 
cisplatin-based chemotherapy and showed a small, but not 
significant (p=0.08), absolute survival benefit of around 5% 
at 5 years (from 50% to 55%). At the time the current trial 
was designed (mid-1990s), adjuvant chemotherapy had not 
become standard clinical practice … The clinical rationale 
for neo-adjuvant chemotherapy is three-fold: regression of 
the primary cancer could be achieved thereby facilitating 
and simplifying or reducing subsequent surgery; undetected 
micro-metastases could be dealt with at the start of treat‑
ment; and there might be inhibition of the putative stimu‑
lus to residual cancer by growth factors released by surgery 
and by subsequent wound healing … The current trial was 
therefore set up to compare, in patients with resectable 
NSCLC, surgery alone versus three cycles of platinum-based 
chemotherapy followed by surgery in terms of overall sur‑
vival, quality of life, pathological staging, resectability rates, 
extent of surgery, and time to and site of relapse.”77

Explanation—Typically, the introduction consists of free 
flowing text, in which authors explain the scientific back‑
ground and rationale for their trial, and its general outline. 
It may also be appropriate to include here the objectives of 
the trial (see item 2b).The rationale may be explanatory 
(for example, to assess the possible influence of a drug on 
renal function) or pragmatic (for example, to guide practice 
by comparing the benefits and harms of two treatments). 
Authors should report any evidence of the benefits and 
harms of active interventions included in a trial and should 
suggest a plausible explanation for how the interventions 
might work, if this is not obvious.78

The Declaration of Helsinki states that biomedical 
research involving people should be based on a thorough 
knowledge of the scientific literature.79 That is, it is unethi‑
cal to expose humans unnecessarily to the risks of research. 
Some clinical trials have been shown to have been unneces‑
sary because the question they addressed had been or could 
have been answered by a systematic review of the existing 

Checklist items
Title and abstract
Item 1a. Identification as a randomised trial in the title.
Example—“Smoking reduction with oral nicotine inhal‑
ers: double blind, randomised clinical trial of efficacy and 
safety.”63

Explanation—The ability to identify a report of a randomised 
trial in an electronic database depends to a large extent on 
how it was indexed. Indexers may not classify a report as a 
randomised trial if the authors do not explicitly report this 
information.64 To help ensure that a study is appropriately 
indexed and easily identified, authors should use the word 
“randomised” in the title to indicate that the participants 
were randomly assigned to their comparison groups.

Item 1b. Structured summary of trial design, methods, results, and 
conclusions
For specific guidance see CONSORT for abstracts.45 65

Explanation—Clear, transparent, and sufficiently detailed 
abstracts are important because readers often base their 
assessment of a trial on such information. Some readers 
use an abstract as a screening tool to decide whether to 
read the full article. However, as not all trials are freely 
available and some health professionals do not have access 
to the full trial reports, healthcare decisions are sometimes 
made on the basis of abstracts of randomised trials.66

A journal abstract should contain sufficient information 
about a trial to serve as an accurate record of its conduct 
and findings, providing optimal information about the 
trial within the space constraints and format of a journal. A 
properly constructed and written abstract helps individuals 
to assess quickly the relevance of the findings and aids the 
retrieval of relevant reports from electronic databases.67 The 
abstract should accurately reflect what is included in the full 
journal article and should not include information that does 
not appear in the body of the paper. Studies comparing the 
accuracy of information reported in a journal abstract with 
that reported in the text of the full publication have found 
claims that are inconsistent with, or missing from, the body 

Table 2 |  Items to include when reporting a randomised trial in a journal abstract 
Item Description

Authors Contact details for the corresponding author
Trial design Description of the trial design (such as parallel, cluster, non-inferiority)
Methods:
  Participants Eligibility criteria for participants and the settings where the data were collected
  Interventions Interventions intended for each group
  Objective Specific objective or hypothesis
  Outcome Clearly defined primary outcome for this report
  Randomisation How participants were allocated to interventions
  Blinding (masking) Whether participants, care givers, and those assessing the outcomes were blinded to 

group assignment
Results:
  Numbers 
randomised

Number of participants randomised to each group

  Recruitment Trial status
  Numbers analysed Number of participants analysed in each group
  Outcome For the primary outcome, a result for each group and the estimated effect size and its 

precision
  Harms Important adverse events or side effects
Conclusions General interpretation of the results
Trial registration Registration number and name of trial register
Funding Source of funding
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either one of five otamixaban … regimens … or an active 
control of unfractionated heparin … an independent Data 
Monitoring Committee reviewed unblinded data for patient 
safety; no interim analyses for efficacy or futility were 
done. During the trial, this committee recommended that 
the group receiving the lowest dose of otamixaban (0·035 
mg/kg/h) be discontinued because of clinical evidence of 
inadequate anticoagulation. The protocol was immediately 
amended in accordance with that recommendation, and 
participants were subsequently randomly assigned in 
2:2:2:2:1 ratio to the remaining otamixaban and control 
groups, respectively.”86

Explanation—A few trials may start without any fixed plan 
(that is, are entirely exploratory), but the most will have a 
protocol that specifies in great detail how the trial will be 
conducted. There may be deviations from the original pro‑
tocol, as it is impossible to predict every possible change 
in circumstances during the course of a trial. Some trials 
will therefore have important changes to the methods after 
trial commencement.

Changes could be due to external information becoming 
available from other studies, or internal financial difficul‑
ties, or could be due to a disappointing recruitment rate. 
Such protocol changes should be made without breaking 
the blinding on the accumulating data on participants’ 
outcomes. In some trials, an independent data monitoring 
committee will have as part of its remit the possibility of rec‑
ommending protocol changes based on seeing unblinded 
data. Such changes might affect the study methods (such 
as changes to treatment regimens, eligibility criteria, ran‑
domisation ratio, or duration of follow-up) or trial conduct 
(such as dropping a centre with poor data quality).87

Some trials are set up with a formal “adaptive” design. 
There is no universally accepted definition of these designs, 
but a working definition might be “a multistage study 
design that uses accumulating data to decide how to mod‑
ify aspects of the study without undermining the validity 
and integrity of the trial.”88 The modifications are usually 
to the sample sizes and the number of treatment arms and 
can lead to decisions being made more quickly and with 
more efficient use of resources. There are, however, impor‑
tant ethical, statistical, and practical issues in considering 
such a design.89 90

Whether the modifications are explicitly part of the 
trial design or in response to changing circumstances, it 
is essential that they are fully reported to help the reader 
interpret the results. Changes from protocols are not cur‑
rently well reported. A review of comparisons with proto‑
cols showed that about half of journal articles describing 
RCTs had an unexplained discrepancy in the primary out‑
comes.57 Frequent unexplained discrepancies have also 
been observed for details of randomisation, blinding,91 
and statistical analyses.92

Item 4a. Eligibility criteria for participants
Example—“Eligible participants were all adults aged 18 or 
over with HIV who met the eligibility criteria for antiretroviral 
therapy according to the Malawian national HIV treatment 
guidelines (WHO clinical stage III or IV or any WHO stage 
with a CD4 count <250/mm3) and who were starting treat‑
ment with a BMI <18.5. Exclusion criteria were pregnancy 

literature.80 81 Thus, the need for a new trial should be justi‑
fied in the introduction. Ideally, it should include a reference 
to a systematic review of previous similar trials or a note of 
the absence of such trials.82

Item 2b. Specific objectives or hypotheses
Example—“In the current study we tested the hypothesis 
that a policy of active management of nulliparous labour 
would: 1. reduce the rate of caesarean section, 2. reduce 
the rate of prolonged labour; 3. not influence maternal 
satisfaction with the birth experience.”83

Explanation—Objectives are the questions that the trial 
was designed to answer. They often relate to the efficacy of 
a particular therapeutic or preventive intervention. Hypoth‑
eses are pre-specified questions being tested to help meet 
the objectives. Hypotheses are more specific than objectives 
and are amenable to explicit statistical evaluation. In 
practice, objectives and hypotheses are not always easily 
differentiated. Most reports of RCTs provide adequate infor‑
mation about trial objectives and hypotheses.84

Methods
Item 3a. Description of trial design (such as parallel, factorial) 
including allocation ratio
Example—“This was a multicenter, stratified (6 to 11 years 
and 12 to 17 years of age, with imbalanced randomisation 
[2:1]), double-blind, placebo-controlled, parallel-group 
study conducted in the United States (41 sites).”85

Explanation—The word “design” is often used to refer to 
all aspects of how a trial is set up, but it also has a narrower 
interpretation. Many specific aspects of the broader trial 
design, including details of randomisation and blinding, 
are addressed elsewhere in the CONSORT checklist. Here 
we seek information on the type of trial, such as parallel 
group or factorial, and the conceptual framework, such as 
superiority or non-inferiority, and other related issues not 
addressed elsewhere in the checklist.

The CONSORT statement focuses mainly on trials with par‑
ticipants individually randomised to one of two “parallel” 
groups. In fact, little more than half of published trials have 
such a design.16 The main alternative designs are multi-arm 
parallel, crossover, cluster,40 and factorial designs. Also, most 
trials are set to identify the superiority of a new intervention, 
if it exists, but others are designed to assess non-inferiority or 
equivalence.39 It is important that researchers clearly describe 
these aspects of their trial, including the unit of randomisa‑
tion (such as patient, GP practice, lesion). It is desirable also 
to include these details in the abstract (see item 1b).

If a less common design is employed, authors are encour‑
aged to explain their choice, especially as such designs may 
imply the need for a larger sample size or more complex 
analysis and interpretation.

Although most trials use equal randomisation (such as 
1:1 for two groups), it is helpful to provide the allocation 
ratio explicitly. For drug trials, specifying the phase of the 
trial (I-IV) may also be relevant.

Item 3b. Important changes to methods after trial commencement 
(such as eligibility criteria), with reasons
Example—“Patients were randomly assigned to one of 
six parallel groups, initially in 1:1:1:1:1:1 ratio, to receive 
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and lactation or participation in another supplementary feed‑
ing programme.”93

Explanation—A comprehensive description of the eligibility 
criteria used to select the trial participants is needed to help 
readers interpret the study. In particular, a clear understand‑
ing of these criteria is one of several elements required to 
judge to whom the results of a trial apply—that is, the trial’s 
generalisability (applicability) and relevance to clinical or 
public health practice (see item 21).94 A description of the 
method of recruitment, such as by referral or self selection 
(for example, through advertisements), is also important in 
this context. Because they are applied before randomisation, 
eligibility criteria do not affect the internal validity of a trial, 
but they are central to its external validity.

Typical and widely accepted selection criteria relate to the 
nature and stage of the disease being studied, the exclusion 
of persons thought to be particularly vulnerable to harm from 
the study intervention, and to issues required to ensure that 
the study satisfies legal and ethical norms. Informed consent 
by study participants, for example, is typically required in 
intervention studies. The common distinction between inclu‑
sion and exclusion criteria is unnecessary; the same criterion 
can be phrased to include or exclude participants.95

Despite their importance, eligibility criteria are often not 
reported adequately. For example, eight published trials 
leading to clinical alerts by the National Institutes of Health 
specified an average of 31 eligibility criteria in their pro‑
tocols, but only 63% of the criteria were mentioned in the 
journal articles, and only 19% were mentioned in the clini‑
cal alerts.96 Similar deficiencies were found for HIV clinical 
trials.97 Among 364 reports of RCTs in surgery, 25% did not 
specify any eligibility criteria.98

Item 4b. Settings and locations where the data were collected
Example—“The study took place at the antiretroviral therapy 
clinic of Queen Elizabeth Central Hospital in Blantyre, Malawi, 
from January 2006 to April 2007. Blantyre is the major com‑
mercial city of Malawi, with a population of 1 000 000 and an 
estimated HIV prevalence of 27% in adults in 2004.”93

Explanation—Along with the eligibility criteria for partici‑
pants (see item 4a) and the description of the interventions 
(see item 5), information on the settings and locations is 
crucial to judge the applicability and generalisability of a 
trial. Were participants recruited from primary, secondary, 
or tertiary health care or from the community? Healthcare 
institutions vary greatly in their organisation, experience, and 
resources and the baseline risk for the condition under inves‑
tigation. Other aspects of the setting (including the social, 
economic, and cultural environment and the climate) may 
also affect a study’s external validity.

Authors should report the number and type of settings and 
describe the care providers involved. They should report the 
locations in which the study was carried out, including the 
country, city if applicable, and immediate environment (for 
example, community, office practice, hospital clinic, or inpa‑
tient unit). In particular, it should be clear whether the trial 
was carried out in one or several centres (“multicentre trials”). 
This description should provide enough information so that 
readers can judge whether the results of the trial could be 
relevant to their own setting. The environment in which the 
trial is conducted may differ considerably from the setting in 

which the trial’s results are later used to guide practice and 
policy.94 99 Authors should also report any other information 
about the settings and locations that could have influenced 
the observed results, such as problems with transportation 
that might have affected patient participation or delays in 
administering interventions.

Item 5. The interventions for each group with sufficient details to 
allow replication, including how and when they were actually 
administered
Examples—“In POISE, patients received the first dose of the 
study drug (ie, oral extended-release metoprolol 100 mg or 
matching placebo) 2-4 h before surgery. Study drug adminis‑
tration required a heart rate of 50 bpm or more and a systolic 
blood pressure of 100 mm Hg or greater; these haemodynam‑
ics were checked before each administration. If, at any time 
during the first 6 h after surgery, heart rate was 80 bpm or 
more and systolic blood pressure was 100 mm Hg or higher, 
patients received their first postoperative dose (extended-
release metoprolol 100 mg or matched placebo) orally. If 
the study drug was not given during the first 6 h, patients 
received their first postoperative dose at 6 h after surgery. 12 
h after the first postoperative dose, patients started taking oral 
extended-release metoprolol 200 mg or placebo every day for 
30 days. If a patient’s heart rate was consistently below 45 
bpm or their systolic blood pressure dropped below 100 mm 
Hg, study drug was withheld until their heart rate or systolic 
blood pressure recovered; the study drug was then restarted 
at 100 mg once daily. Patients whose heart rate was consist‑
ently 45-49 bpm and systolic blood pressure exceeded 100 
mm Hg delayed taking the study drug for 12 h.”100

“Patients were randomly assigned to receive a custom-
made neoprene splint to be worn at night or to usual care. 
The splint was a rigid rest orthosis recommended for use only 
at night. It covered the base of the thumb and the thenar emi‑
nence but not the wrist (Figure 1). Splints were made by 3 
trained occupational therapists, who adjusted the splint for 
each patient so that the first web could be opened and the 
thumb placed in opposition with the first long finger. Patients 
were encouraged to contact the occupational therapist if 
they felt that the splint needed adjustment, pain increased 
while wearing the splint, or they had adverse effects (such as 
skin erosion). Because no treatment can be considered the 
gold standard in this situation, patients in the control and 
intervention groups received usual care at the discretion of 
their physician (general practitioner or rheumatologist). We 
decided not to use a placebo because, to our knowledge, no 
placebo for splinting has achieved successful blinding of 
patients, as recommended.”101

Explanation—Authors should describe each intervention 
thoroughly, including control interventions. The description 
should allow a clinician wanting to use the intervention to 
know exactly how to administer the intervention that was 
evaluated in the trial.102 For a drug intervention, informa‑
tion would include the drug name, dose, method of admin‑
istration (such as oral, intravenous), timing and duration of 
administration, conditions under which interventions are 
withheld, and titration regimen if applicable. If the control 
group is to receive “usual care” it is important to describe 
thoroughly what that constitutes. If the control group or 
intervention group is to receive a combination of interven‑
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macological trials, a third of the claims of treatment supe‑
riority based on unpublished scales would not have been 
made if a published scale had been used.109 Similar data 
have been reported elsewhere.110 111 Only 45% of a cohort 
of 519 RCTs published in 2000 specified the primary out‑
come16; this compares with 53% for a similar cohort of 614 
RCTs published in 2006.17

Item 6b. Any changes to trial outcomes after the trial commenced, 
with reasons
Example—“The original primary endpoint was all-cause 
mortality, but, during a masked analysis, the data and 
safety monitoring board noted that overall mortality was 
lower than had been predicted and that the study could 
not be completed with the sample size and power origi‑
nally planned. The steering committee therefore decided 
to adopt co-primary endpoints of all-cause mortality (the 
original primary endpoint), together with all-cause mor‑
tality or cardiovascular hospital admissions (the first pre‑
specified secondary endpoint).”112

Explanation—There are many reasons for departures 
from the initial study protocol (see item 24). Authors 
should report all major changes to the protocol, including 
unplanned changes to eligibility criteria, interventions, 
examinations, data collection, methods of analysis, and 
outcomes. Such information is not always reported.

As indicated earlier (see item 6a), most trials record mul‑
tiple outcomes, with the risk that results will be reported for 
only a selected subset (see item 17). Pre-specification and 
reporting of primary and secondary outcomes (see item 
6a) should remove such a risk. In some trials, however, 
circumstances require a change in the way an outcome is 
assessed or even, as in the example above, a switch to a 
different outcome. For example, there may be external evi‑
dence from other trials or systematic reviews suggesting the 
end point might not be appropriate, or recruitment or the 
overall event rate in the trial may be lower than expected.112 
Changing an end point based on unblinded data is much 
more problematic, although it may be specified in the con‑
text of an adaptive trial design.88 Authors should identify 
and explain any such changes. Likewise, any changes after 
the trial began of the designation of outcomes as primary 
or secondary should be reported and explained.

A comparison of protocols and publications of 102 
randomised trials found that 62% of trials reports had at 
least one primary outcome that was changed, introduced, 
or omitted compared with the protocol.55 Primary outcomes 
also differed between protocols and publications for 40% 
of a cohort of 48 trials funded by the Canadian Institutes 
of Health Research.113 Not one of the subsequent 150 trial 
reports mentioned, let alone explained, changes from 
the protocol. Similar results from other studies have been 
reported recently in a systematic review of empirical stud‑
ies examining outcome reporting bias.57

Item 7a. How sample size was determined
Examples—“To detect a reduction in PHS (postoperative 
hospital stay) of 3 days (SD 5 days), which is in agree‑
ment with the study of Lobo et al17 with a two-sided 5% 
significance level and a power of 80%, a sample size of 
50 patients per group was necessary, given an anticipated 

tions the authors should provide a thorough description of 
each intervention, an explanation of the order in which the 
combination of interventions are introduced or withdrawn, 
and the triggers for their introduction if applicable.

Specific extensions of the CONSORT statement address the 
reporting of non-pharmacologic and herbal interventions and 
their particular reporting requirements (such as expertise, 
details of how the interventions were standardised).43 44 We 
recommend readers consult the statements for non-pharma‑
cologic and herbal interventions as appropriate.

Item 6a. Completely defined pre-specified primary and secondary 
outcome measures, including how and when they were assessed
Example—“The primary endpoint with respect to efficacy 
in psoriasis was the proportion of patients achieving a 75% 
improvement in psoriasis activity from baseline to 12 weeks 
as measured by the PASI [psoriasis area and severity index] 
Additional analyses were done on the percentage change in 
PASI scores and improvement in target psoriasis lesions.”103

Explanation—All RCTs assess response variables, or out‑
comes (end points), for which the groups are compared. 
Most trials have several outcomes, some of which are of 
more interest than others. The primary outcome measure 
is the pre-specified outcome considered to be of greatest 
importance to relevant stakeholders (such a patients, pol‑
icy makers, clinicians, funders) and is usually the one used 
in the sample size calculation (see item 7). Some trials may 
have more than one primary outcome. Having several pri‑
mary outcomes, however, incurs the problems of interpre‑
tation associated with multiplicity of analyses (see items 
18 and 20) and is not recommended. Primary outcomes 
should be explicitly indicated as such in the report of an 
RCT. Other outcomes of interest are secondary outcomes 
(additional outcomes). There may be several secondary 
outcomes, which often include unanticipated or unin‑
tended effects of the intervention (see item 19), although 
harms should always be viewed as important whether they 
are labelled primary or secondary.

All outcome measures, whether primary or secondary, 
should be identified and completely defined. The principle 
here is that the information provided should be sufficient to 
allow others to use the same outcomes.102 When outcomes 
are assessed at several time points after randomisation, 
authors should also indicate the pre-specified time point 
of primary interest. For many non-pharmacological inter‑
ventions it is helpful to specify who assessed outcomes (for 
example, if special skills are required to do so) and how 
many assessors there were.43

Where available and appropriate, the use of previously 
developed and validated scales or consensus guidelines 
should be reported,104 105 both to enhance quality of meas‑
urement and to assist in comparison with similar stud‑
ies.106 For example, assessment of quality of life is likely to 
be improved by using a validated instrument.107 Authors 
should indicate the provenance and properties of scales.

More than 70 outcomes were used in 196 RCTs of non-
steroidal anti-inflammatory drugs for rheumatoid arthri‑
tis,108 and 640 different instruments had been used in 2000 
trials in schizophrenia, of which 369 had been used only 
once.33 Investigation of 149 of those 2000 trials showed 
that unpublished scales were a source of bias. In non-phar‑
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should individually have “sufficient power.” This debate will 
continue, and members of the CONSORT Group have vary‑
ing views. Critically however, the debate and those views are 
immaterial to reporting a trial. Whatever the power of a trial, 
authors need to properly report their intended size with all 
their methods and assumptions.118 That transparently reveals 
the power of the trial to readers and gives them a measure by 
which to assess whether the trial attained its planned size.

In some trials, interim analyses are used to help decide 
whether to stop early or to continue recruiting sometimes 
beyond the planned trial end (see item 7b). If the actual 
sample size differed from the originally intended sample 
size for some other reason (for example, because of poor 
recruitment or revision of the target sample size), the expla‑
nation should be given.

Reports of studies with small samples frequently include 
the erroneous conclusion that the intervention groups do 
not differ, when in fact too few patients were studied to 
make such a claim.120 Reviews of published trials have 
consistently found that a high proportion of trials have 
low power to detect clinically meaningful treatment 
effects.121‑123 In reality, small but clinically meaningful true 
differences are much more likely than large differences to 
exist, but large trials are required to detect them.124

In general, the reported sample sizes in trials seem 
small. The median sample size was 54 patients in 196 tri‑
als in arthritis,108 46 patients in 73 trials in dermatology,8 
and 65 patients in 2000 trials in schizophrenia.33 These 
small sample sizes are consistent with those of a study of 
519 trials indexed in PubMed in December 200016 and 
a similar cohort of trials (n=616) indexed in PubMed in 
2006,17 where the median number of patients recruited for 
parallel group trials was 80 across both years. Moreover, 
many reviews have found that few authors report how they 
determined the sample size.8 14 32 33 123

There is little merit in a post hoc calculation of statistical 
power using the results of a trial; the power is then appropri‑
ately indicated by confidence intervals (see item 17).125

Item 7b. When applicable, explanation of any interim analyses 
and stopping guidelines
Examples—“Two interim analyses were performed during 
the trial. The levels of significance maintained an overall P 
value of 0.05 and were calculated according to the O’Brien-
Fleming stopping boundaries. This final analysis used a Z 
score of 1.985 with an associated P value of 0.0471.”126

“An independent data and safety monitoring board peri‑
odically reviewed the efficacy and safety data. Stopping 
rules were based on modified Haybittle-Peto boundaries of 
4 SD in the first half of the study and 3 SD in the second half 
for efficacy data, and 3 SD in the first half of the study and 
2 SD in the second half for safety data. Two formal interim 
analyses of efficacy were performed when 50% and 75% 
of the expected number of primary events had accrued; no 
correction of the reported P value for these interim tests 
was performed.”127

Explanation—Many trials recruit participants over a long 
period. If an intervention is working particularly well or badly, 
the study may need to be ended early for ethical reasons. This 
concern can be addressed by examining results as the data 
accumulate, preferably by an independent data monitoring 

dropout rate of 10%. To recruit this number of patients a 
12-month inclusion period was anticipated.”114

“Based on an expected incidence of the primary compos‑
ite endpoint of 11% at 2.25 years in the placebo group, we 
calculated that we would need 950 primary endpoint events 
and a sample size of 9650 patients to give 90% power to 
detect a significant difference between ivabradine and pla‑
cebo, corresponding to a 19% reduction of relative risk (with 
a two-sided type 1 error of 5%). We initially designed an 
event-driven trial, and planned to stop when 950 primary 
endpoint events had occurred. However, the incidence of 
the primary endpoint was higher than predicted, perhaps 
because of baseline characteristics of the recruited patients, 
who had higher risk than expected (e.g., lower proportion of 
NYHA class I and higher rates of diabetes and hypertension). 
We calculated that when 950 primary endpoint events had 
occurred, the most recently included patients would only 
have been treated for about 3 months. Therefore, in January 
2007, the executive committee decided to change the study 
from being event-driven to time-driven, and to continue the 
study until the patients who were randomised last had been 
followed up for 12 months. This change did not alter the 
planned study duration of 3 years.”115

Explanation—For scientific and ethical reasons, the sample 
size for a trial needs to be planned carefully, with a balance 
between medical and statistical considerations. Ideally, 
a study should be large enough to have a high probability 
(power) of detecting as statistically significant a clinically 
important difference of a given size if such a difference exists. 
The size of effect deemed important is inversely related to the 
sample size necessary to detect it; that is, large samples are 
necessary to detect small differences. Elements of the sam‑
ple size calculation are (1) the estimated outcomes in each 
group (which implies the clinically important target differ‑
ence between the intervention groups); (2) the α (type I) error 
level; (3) the statistical power (or the β (type II) error level); 
and (4), for continuous outcomes, the standard deviation of 
the measurements.116 The interplay of these elements and 
their reporting will differ for cluster trials40 and non-inferior‑
ity and equivalence trials.39

Authors should indicate how the sample size was deter‑
mined. If a formal power calculation was used, the authors 
should identify the primary outcome on which the calcula‑
tion was based (see item 6a), all the quantities used in the 
calculation, and the resulting target sample size per study 
group. It is preferable to quote the expected result in the con‑
trol group and the difference between the groups one would 
not like to overlook. Alternatively, authors could present the 
percentage with the event or mean for each group used in 
their calculations. Details should be given of any allowance 
made for attrition or non-compliance during the study.

Some methodologists have written that so called under‑
powered trials may be acceptable because they could 
ultimately be combined in a systematic review and meta-
analysis,117‑119 and because some information is better than 
no information. Of note, important caveats apply—such as 
the trial should be unbiased, reported properly, and pub‑
lished irrespective of the results, thereby becoming avail‑
able for meta-analysis.118 On the other hand, many medical 
researchers worry that underpowered trials with indetermi‑
nate results will remain unpublished and insist that all trials 
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committee. However, performing multiple statistical exami‑
nations of accumulating data without appropriate correction 
can lead to erroneous results and interpretations.128 If the 
accumulating data from a trial are examined at five interim 
analyses that use a P value of 0.05, the overall false positive 
rate is nearer to 19% than to the nominal 5%.

Several group sequential statistical methods are avail‑
able to adjust for multiple analyses,129‑131 and their use 
should be pre-specified in the trial protocol. With these 
methods, data are compared at each interim analysis, and 
a P value less than the critical value specified by the group 
sequential method indicates statistical significance. Some 
trialists use group sequential methods as an aid to deci‑
sion making,132 whereas others treat them as a formal stop‑
ping rule (with the intention that the trial will cease if the 
observed P value is smaller than the critical value).

Authors should report whether they or a data monitoring 
committee took multiple “looks” at the data and, if so, how 
many there were, what triggered them, the statistical meth‑
ods used (including any formal stopping rule), and whether 
they were planned before the start of the trial, before the 
data monitoring committee saw any interim data by alloca‑
tion, or some time thereafter. This information is often not 
included in published trial reports,133 even in trials that 
report stopping earlier than planned.134

Item 8a. Method used to generate the random allocation sequence
Examples—“Independent pharmacists dispensed either 
active or placebo inhalers according to a computer gener‑
ated randomisation list.”63

“For allocation of the participants, a computer-generated 
list of random numbers was used.”135

Explanation—Participants should be assigned to com‑
parison groups in the trial on the basis of a chance (ran‑
dom) process characterised by unpredictability (see box 
1). Authors should provide sufficient information that the 
reader can assess the methods used to generate the random 

allocation sequence and the likelihood of bias in group 
assignment. It is important that information on the proc‑
ess of randomisation is included in the body of the main 
article and not as a separate supplementary file; where it 
can be missed by the reader.

The term “random” has a precise technical meaning. With 
random allocation, each participant has a known probabil‑
ity of receiving each intervention before one is assigned, but 
the assigned intervention is determined by a chance process 
and cannot be predicted. However, “random” is often used 
inappropriately in the literature to describe trials in which 
non-random, deterministic allocation methods were used, 
such as alternation, hospital numbers, or date of birth. When 
investigators use such non-random methods, they should 
describe them precisely and should not use the term “ran‑
dom” or any variation of it. Even the term “quasi-random” 
is unacceptable for describing such trials. Trials based on 
non-random methods generally yield biased results.2‑4 136 
Bias presumably arises from the inability to conceal these 
allocation systems adequately (see item 9).

Many methods of sequence generation are adequate. 
However, readers cannot judge adequacy from such terms as 
“random allocation,” “randomisation,” or “random” with‑
out further elaboration. Authors should specify the method 
of sequence generation, such as a random-number table or a 
computerised random number generator. The sequence may 
be generated by the process of minimisation, a non-random 
but generally acceptable method (see box 2).

In some trials, participants are intentionally allocated in 
unequal numbers to each intervention: for example, to gain 
more experience with a new procedure or to limit costs of 
the trial. In such cases, authors should report the randomi‑
sation ratio (for example, 2:1 or two treatment participants 
per each control participant) (see item 3a).

In a representative sample of PubMed indexed trials in 
2000, only 21% reported an adequate approach to random 
sequence generation16; this increased to 34% for a similar 

Box 2 |  Randomisation and minimisation

•	Simple randomisation—Pure randomisation based on a single allocation ratio is known as simple randomisation. Simple randomisation with a 1:1 allocation 
ratio is analogous to a coin toss, although we do not advocate coin tossing for randomisation in an RCT. “Simple” is somewhat of a misnomer. While other 
randomisation schemes sound complex and more sophisticated, in reality, simple randomisation is elegantly sophisticated in that it is more unpredictable and 
surpasses the bias prevention levels of all other alternatives.

•	Restricted randomisation—Any randomised approach that is not simple randomisation. Blocked randomisation is the most common form. Other means of 
restricted randomisation include replacement, biased coin, and urn randomisation, although these are used much less frequently.141

•	Blocked randomisation—Blocking is used to ensure that comparison groups will be generated according to a predetermined ratio, usually 1:1 or groups of 
approximately the same size. Blocking can be used to ensure close balance of the numbers in each group at any time during the trial. For every block of eight 
participants, for example, four would be allocated to each arm of the trial.142 Improved balance comes at the cost of reducing the unpredictability of the sequence. 
Although the order of interventions varies randomly within each block, a person running the trial could deduce some of the next treatment allocations if he or she 
knew the block size.143 Blinding the interventions, using larger block sizes, and randomly varying the block size can ameliorate this problem.

•	Stratified randomisation—Stratification is used to ensure good balance of participant characteristics in each group. By chance, particularly in small trials, study 
groups may not be well matched for baseline characteristics, such as age and stage of disease. This weakens the trial’s credibility.144 Such imbalances can be 
avoided without sacrificing the advantages of randomisation. Stratification ensures that the numbers of participants receiving each intervention are closely 
balanced within each stratum. Stratified randomisation is achieved by performing a separate randomisation procedure within each of two or more subsets of 
participants (for example, those defining each study centre, age, or disease severity). Stratification by centre is common in multicentre trials. Stratification requires 
some form of restriction (such as blocking within strata). Stratification without blocking is ineffective.

•	Minimisation—Minimisation ensures balance between intervention groups for several selected patient factors (such as age).22 60 The first patient is truly randomly 
allocated; for each subsequent participant, the treatment allocation that minimises the imbalance on the selected factors between groups at that time is identified. 
That allocation may then be used, or a choice may be made at random with a heavy weighting in favour of the intervention that would minimise imbalance (for 
example, with a probability of 0.8). The use of a random component is generally preferable. Minimisation has the advantage of making small groups closely similar 
in terms of participant characteristics at all stages of the trial.  Minimisation offers the only acceptable alternative to randomisation, and some have argued that it is 
superior.145 On the other hand, minimisation lacks the theoretical basis for eliminating bias on all known and unknown factors. Nevertheless, in general, trials that 
use minimisation are considered methodologically equivalent to randomised trials, even when a random element is not incorporated.
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in bottles and consecutively numbered for each woman 
according to the randomisation schedule. Each woman 
was assigned an order number and received the capsules 
in the corresponding prepacked bottle.”146

“The allocation sequence was concealed from the 
researcher (JR) enrolling and assessing participants in 
sequentially numbered, opaque, sealed and stapled 
envelopes. Aluminium foil inside the envelope was used 
to render the envelope impermeable to intense light. To 
prevent subversion of the allocation sequence, the name 
and date of birth of the participant was written on the 
envelope and a video tape made of the sealed envelope 
with participant details visible. Carbon paper inside the 
envelope transferred the information onto the allocation 
card inside the envelope and a second researcher (CC) later 
viewed video tapes to ensure envelopes were still sealed 
when participants’ names were written on them. Corre‑
sponding envelopes were opened only after the enrolled 
participants completed all baseline assessments and it was 
time to allocate the intervention.”147

Explanation—Item 8a discussed generation of an unpredict‑
able sequence of assignments. Of considerable importance is 
how this sequence is applied when participants are enrolled 
into the trial (see box 1). A generated allocation schedule 
should be implemented by using allocation concealment,23 a 
critical mechanism that prevents foreknowledge of treatment 
assignment and thus shields those who enroll participants 
from being influenced by this knowledge. The decision to 
accept or reject a participant should be made, and informed 
consent should be obtained from the participant, in igno‑
rance of the next assignment in the sequence.148

The allocation concealment should not be confused with 
blinding (see item 11). Allocation concealment seeks to pre‑
vent selection bias, protects the assignment sequence until 
allocation, and can always be successfully implemented.2 
In contrast, blinding seeks to prevent performance and 
ascertainment bias, protects the sequence after allocation, 
and cannot always be implemented.23 Without adequate 
allocation concealment, however, even random, unpredict‑
able assignment sequences can be subverted.2 149

Centralised or “third-party” assignment is especially 
desirable. Many good allocation concealment mechanisms 
incorporate external involvement. Use of a pharmacy or 
central telephone randomisation system are two common 
techniques. Automated assignment systems are likely to 
become more common.150 When external involvement is 
not feasible, an excellent method of allocation conceal‑
ment is the use of numbered containers. The interventions 
(often drugs) are sealed in sequentially numbered iden‑
tical containers according to the allocation sequence.151 
Enclosing assignments in sequentially numbered, opaque, 
sealed envelopes can be a good allocation concealment 
mechanism if it is developed and monitored diligently. 
This method can be corrupted, however, particularly if it 
is poorly executed. Investigators should ensure that the 
envelopes are opaque when held to the light, and opened 
sequentially and only after the participant’s name and 
other details are written on the appropriate envelope.143

A number of methodological studies provide empirical 
evidence to support these precautions.152 153 Trials in which 
the allocation sequence had been inadequately or unclearly 

cohort of PubMed indexed trials in 2006.17 In more than 
90% of these cases, researchers used a random number 
generator on a computer or a random number table.

Item 8b. Type of randomisation; details of any restriction (such as 
blocking and block size)
Examples—“Randomization sequence was created using 
Stata 9.0 (StataCorp, College Station, TX) statistical soft‑
ware and was stratified by center with a 1:1 allocation 
using random block sizes of 2, 4, and 6.”137

“Participants were randomly assigned following simple 
randomization procedures (computerized random num‑
bers) to 1 of 2 treatment groups.”138

Explanation—In trials of several hundred participants or 
more simple randomisation can usually be trusted to gener‑
ate similar numbers in the two trial groups139 and to gener‑
ate groups that are roughly comparable in terms of known 
and unknown prognostic variables.140 For smaller trials 
(see item 7a)—and even for trials that are not intended to be 
small, as they may stop before reaching their target size—
some restricted randomisation (procedures to help achieve 
balance between groups in size or characteristics) may be 
useful (see box 2).

It is important to indicate whether no restriction was used, 
by stating such or by stating that “simple randomisation” 
was done. Otherwise, the methods used to restrict the ran‑
domisation, along with the method used for random selec‑
tion, should be specified. For block randomisation, authors 
should provide details on how the blocks were generated (for 
example, by using a permuted block design with a compu‑
ter random number generator), the block size or sizes, and 
whether the block size was fixed or randomly varied. If the 
trialists became aware of the block size(s), that information 
should also be reported as such knowledge could lead to code 
breaking. Authors should specify whether stratification was 
used, and if so, which factors were involved (such as recruit‑
ment site, sex, disease stage), the categorisation cut-off values 
within strata, and the method used for restriction. Although 
stratification is a useful technique, especially for smaller tri‑
als, it is complicated to implement and may be impossible if 
many stratifying factors are used. If minimisation (see box 
2) was used, it should be explicitly identified, as should the 
variables incorporated into the scheme. If used, a random 
element should be indicated.

Only 9% of 206 reports of trials in specialty journals23 and 
39% of 80 trials in general medical journals reported use of 
stratification.32 In each case, only about half of the reports 
mentioned the use of restricted randomisation. However, 
these studies and that of Adetugbo and Williams8 found 
that the sizes of the treatment groups in many trials were the 
same or quite similar, yet blocking or stratification had not 
been mentioned. One possible explanation for the close bal‑
ance in numbers is underreporting of the use of restricted 
randomisation.

Item 9. Mechanism used to implement the random allocation 
sequence (such as sequentially numbered containers), describing 
any steps taken to conceal the sequence until interventions were 
assigned
Examples—“The doxycycline and placebo were in capsule 
form and identical in appearance. They were prepacked 
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Explanation—As noted in item 9, concealment of the allo‑
cated intervention at the time of enrolment is especially 
important. Thus, in addition to knowing the methods used, 
it is also important to understand how the random sequence 
was implemented—specifically, who generated the alloca‑
tion sequence, who enrolled participants, and who assigned 
participants to trial groups.

The process of randomising participants into a trial has 
three different steps: sequence generation, allocation con‑
cealment, and implementation (see box 3). Although the 
same people may carry out more than one process under 
each heading, investigators should strive for complete sepa‑
ration of the people involved with generation and allocation 
concealment from the people involved in the implementation 
of assignments. Thus, if someone is involved in the sequence 
generation or allocation concealment steps, ideally they 
should not be involved in the implementation step.

Even with flawless sequence generation and allocation 
concealment, failure to separate creation and concealment 
of the allocation sequence from assignment to study group 
may introduce bias. For example, the person who generated 
an allocation sequence could retain a copy and consult it 
when interviewing potential participants for a trial. Thus, 
that person could bias the enrolment or assignment proc‑
ess, regardless of the unpredictability of the assignment 
sequence. Investigators must then ensure that the assign‑
ment schedule is unpredictable and locked away (such as 
in a safe deposit box in a building rather inaccessible to the 
enrolment location) from even the person who generated it. 
The report of the trial should specify where the investigators 
stored the allocation list.

Item 11a. If done, who was blinded after assignment to interventions 
(for example, participants, care providers, those assessing outcomes) 
and how
Examples—“Whereas patients and physicians allocated 
to the intervention group were aware of the allocated arm, 
outcome assessors and data analysts were kept blinded to 
the allocation.”156

“Blinding and equipoise were strictly maintained by 
emphasising to intervention staff and participants that each 
diet adheres to healthy principles, and each is advocated 
by certain experts to be superior for long-term weight-loss. 
Except for the interventionists (dieticians and behavioural 
psychologists), investigators and staff were kept blind to diet 
assignment of the participants. The trial adhered to estab‑
lished procedures to maintain separation between staff 
that take outcome measurements and staff that deliver the 
intervention. Staff members who obtained outcome meas‑
urements were not informed of the diet group assignment. 
Intervention staff, dieticians and behavioural psychologists 
who delivered the intervention did not take outcome meas‑
urements. All investigators, staff, and participants were kept 
masked to outcome measurements and trial results.”157

Explanation—The term “blinding” or “masking” refers 
to withholding information about the assigned interven‑
tions from people involved in the trial who may potentially 
be influenced by this knowledge. Blinding is an important 
safeguard against bias, particularly when assessing subjec‑
tive outcomes.153

Benjamin Franklin has been credited as being the first to 

concealed yielded larger estimates of treatment effects than 
did trials in which authors reported adequate allocation 
concealment. These findings provide strong empirical evi‑
dence that inadequate allocation concealment contributes 
to bias in estimating treatment effects.

Despite the importance of the mechanism of allocation 
concealment, published reports often omit such details. 
The mechanism used to allocate interventions was omitted 
in reports of 89% of trials in rheumatoid arthritis,108 48% of 
trials in obstetrics and gynaecology journals,23 and 44% of 
trials in general medical journals.32 In a more broadly repre‑
sentative sample of all randomised trials indexed on PubMed, 
only 18% reported any allocation concealment mechanism, 
but some of those reported mechanisms were inadequate.16

Item 10. Who generated the allocation sequence, who enrolled 
participants, and who assigned participants to interventions
Examples—“Determination of whether a patient would be 
treated by streptomycin and bed-rest (S case) or by bed-rest 
alone (C case) was made by reference to a statistical series 
based on random sampling numbers drawn up for each 
sex at each centre by Professor Bradford Hill; the details 
of the series were unknown to any of the investigators or 
to the co-ordinator … After acceptance of a patient by the 
panel, and before admission to the streptomycin centre, the 
appropriate numbered envelope was opened at the central 
office; the card inside told if the patient was to be an S or a 
C case, and this information was then given to the medical 
officer of the centre.”24

“Details of the allocated group were given on coloured 
cards contained in sequentially numbered, opaque, sealed 
envelopes. These were prepared at the NPEU and kept in an 
agreed location on each ward. Randomisation took place at 
the end of the 2nd stage of labour when the midwife con‑
sidered a vaginal birth was imminent. To enter a women 
into the study, the midwife opened the next consecutively 
numbered envelope.”154

“Block randomisation was by a computer generated ran‑
dom number list prepared by an investigator with no clini‑
cal involvement in the trial. We stratified by admission for 
an oncology related procedure. After the research nurse had 
obtained the patient’s consent, she telephoned a contact who 
was independent of the recruitment process for allocation 
consignment.”155

Box 3 |  Steps in a typical randomisation process 

Sequence generation
Generate allocation sequence by some random procedure•	

Allocation concealment
Develop allocation concealment mechanism (such as numbered, identical bottles or •	
sequentially numbered, sealed, opaque envelopes)
Prepare the allocation concealment mechanism using the allocation sequence from the •	
sequence generation step

Implementation
Enrol participants:•	

Assess eligibility
Discuss the trial
Obtain informed consent
Enrol participant in trial

Ascertain intervention assignment (such as opening next envelope)•	
Administer intervention•	
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attrition.164 In certain trials, especially surgical trials, 
blinding of participants and surgeons is often difficult or 
impossible, but blinding of data collectors and outcome 
adjudicators is often achievable. For example, lesions can 
be photographed before and after treatment and assessed 
by an external observer.165 Regardless of whether blinding 
is possible, authors can and should always state who was 
blinded (that is, participants, healthcare providers, data 
collectors, and outcome adjudicators).

Unfortunately, authors often do not report whether 
blinding was used.166 For example, reports of 51% of 506 
trials in cystic fibrosis,167 33% of 196 trials in rheumatoid 
arthritis,108 and 38% of 68 trials in dermatology8 did not 
state whether blinding was used. Until authors of trials 
improve their reporting of blinding, readers will have dif‑
ficulty in judging the validity of the trials that they may 
wish to use to guide their clinical practice.

The term masking is sometimes used in preference to 
blinding to avoid confusion with the medical condition 
of being without sight. However, “blinding” in its meth‑
odological sense seems to be understood worldwide and 
is acceptable for reporting clinical trials.165 168

Item 11b. If relevant, description of the similarity of interventions
Example—“Jamieson Laboratories Inc provided 500-mg 
immediate release niacin in a white, oblong, bisect caplet. 
We independently confirmed caplet content using high 
performance liquid chromatography… The placebo was 
matched to the study drug for taste, color, and size, and con‑
tained microcrystalline cellulose, silicon dioxide, dicalcium 
phosphate, magnesium stearate, and stearic acid.”172

Explanation—Just as we seek evidence of concealment to 
assure us that assignment was truly random, we seek evidence 
of the method of blinding. In trials with blinding of participants 
or healthcare providers, authors should state the similarity of 
the characteristics of the interventions (such as appearance, 
taste, smell, and method of administration).35 173

Some people have advocated testing for blinding by 

use blinding in a scientific experiment.158 He blindfolded 
participants so they would not know when he was applying 
mesmerism (a popular “healing fluid” of the 18th century) 
and in so doing showed that mesmerism was a sham. Based 
on this experiment, the scientific community recognised the 
power of blinding to reduce bias, and it has remained a com‑
monly used strategy in scientific experiments.

Box 4, on blinding terminology, defines the groups of 
individuals (that is, participants, healthcare providers, data 
collectors, outcome adjudicators, and data analysts) who can 
potentially introduce bias into a trial through knowledge of 
the treatment assignments. Participants may respond differ‑
ently if they are aware of their treatment assignment (such 
as responding more favourably when they receive the new 
treatment).153 Lack of blinding may also influence compli‑
ance with the intervention, use of co-interventions, and risk 
of dropping out of the trial.

Unblinded healthcare providers may introduce similar 
biases, and unblinded data collectors may differentially 
assess outcomes (such as frequency or timing), repeat 
measurements of abnormal findings, or provide encour‑
agement during performance testing. Unblinded outcome 
adjudicators may differentially assess subjective outcomes, 
and unblinded data analysts may introduce bias through 
the choice of analytical strategies, such as the selection of 
favourable time points or outcomes, and by decisions to 
remove patients from the analyses. These biases have been 
well documented.71 153 159‑ 162

Blinding, unlike allocation concealment (see item 10), 
may not always be appropriate or possible. An example is 
a trial comparing levels of pain associated with sampling 
blood from the ear or thumb.163 Blinding is particularly 
important when outcome measures involve some subjec‑
tivity, such as assessment of pain. Blinding of data col‑
lectors and outcome adjudicators is unlikely to matter for 
objective outcomes, such as death from any cause. Even 
then, however, lack of participant or healthcare provider 
blinding can lead to other problems, such as differential 

Box 4 |  Blinding terminology
In order for a technical term to have utility it must have consistency in its use and 
interpretation. Authors of trials commonly use the term “double blind” and, less 
commonly, the terms “single blind”or “triple blind.” A problem with this lexicon is 
that there is great variability in clinician interpretations and epidemiological textbook 
definitions of these terms.169 Moreover, a study of 200 RCTs reported as double blind 
found 18 different combinations of groups actually blinded when the authors of these 
trials were surveyed, and about one in every five of these trials—reported as double 
blind—did not blind participants, healthcare providers, or data collectors.170

This research shows that terms are ambiguous and, as such, authors and editors should 
abandon their use. Authors should instead explicitly report the blinding status of the 
people involved for whom blinding may influence the validity of a trial.

Healthcare providers include all personnel (for example, physicians, chiropractors, 
physiotherapists, nurses) who care for the participants during the trial. Data collectors 
are the individuals who collect data on the trial outcomes. Outcome adjudicators are 
the individuals who determine whether a participant did experience the outcomes of 
interest.

Some researchers have also advocated blinding and reporting the blinding status of 
the data monitoring committee and the manuscript writers.160 Blinding of these groups is 
uncommon, and the value of blinding them is debated.171

Sometimes one group of individuals (such as the healthcare providers) are the same 
individuals fulfilling another role in a trial (such as data collectors). Even if this is the 
case, the authors should explicitly state the blinding status of these groups to allow 
readers to judge the validity of the trial.

Fig 2 |  Flow diagram of a multicentre trial of fractional flow 
reserve versus angiography for guiding percutaneous coronary 
intervention (PCI) (adapted from Tonino et al313). The diagram 
includes detailed information on the excluded participants.

1905 Patients were assessed for eligibility

1005 Underwent randomization

509 Were assigned to fractional
flow reserve guided PCI

495 Were assigned to
angiography-guided PCI

509 Were included in
intention-to-treat analysis

496 Were included in
intention-to-treat analysis

8 Were lost to follow-up11 Were lost to follow-up

909 Were not eligible
  157 Had left main artery stenosis
  217 Had extreme vessel tortuosity or calcification
  105 Did not provide consent
  86 Had contraindication for drug-eluting stent
  94 Were participating in another study
  210 Had logistic reasons
  31 Had other reasons
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access to the original data to verify the reported results” 
(www.icmje.org). It is also important to describe details of 
the statistical analysis such as intention-to-treat analysis 
(see box 6).

Almost all methods of analysis yield an estimate of the 
treatment effect, which is a contrast between the outcomes in 
the comparison groups. Authors should accompany this by a 
confidence interval for the estimated effect, which indicates 
a central range of uncertainty for the true treatment effect. 
The confidence interval may be interpreted as the range of 
values for the treatment effect that is compatible with the 
observed data. It is customary to present a 95% confidence 
interval, which gives the range expected to include the true 
value in 95 of 100 similar studies.

Study findings can also be assessed in terms of their sta‑
tistical significance. The P value represents the probability 
that the observed data (or a more extreme result) could have 
arisen by chance when the interventions did not truly differ. 
Actual P values (for example, P=0.003) are strongly prefer‑
able to imprecise threshold reports such as P<0.05.48 177

Standard methods of analysis assume that the data are 
“independent.” For controlled trials, this usually means that 
there is one observation per participant. Treating multiple 
observations from one participant as independent data is a 
serious error; such data are produced when outcomes can 
be measured on different parts of the body, as in dentistry 
or rheumatology. Data analysis should be based on count‑
ing each participant once178 179 or should be done by using 
more complex statistical procedures.180 Incorrect analysis of 
multiple observations per individual was seen in 123 (63%) 
of 196 trials in rheumatoid arthritis.108

Item 12b. Methods for additional analyses, such as subgroup analyses 
and adjusted analyses
Examples—“Proportions of patients responding were 
compared between treatment groups with the Mantel-
Haenszel χ2 test, adjusted for the stratification variable, 
methotrexate use.”103

asking participants or healthcare providers at the end of a 
trial whether they think the participant received the experi‑
mental or control intervention.174 Because participants and 
healthcare providers will usually know whether the par‑
ticipant has experienced the primary outcome, this makes 
it difficult to determine if their responses reflect failure of 
blinding or accurate assumptions about the efficacy of the 
intervention.175 Given the uncertainty this type of informa‑
tion provides, we have removed advocating reporting this 
type of testing for blinding from the CONSORT 2010 State‑
ment. We do, however, advocate that the authors report 
any known compromises in blinding. For example, authors 
should report if it was necessary to unblind any partici‑
pants at any point during the conduct of a trial.

Item 12a. Statistical methods used to compare groups for primary 
and secondary outcomes
Example—“The primary endpoint was change in body‑
weight during the 20 weeks of the study in the intention-to-
treat population … Secondary efficacy endpoints included 
change in waist circumference, systolic and diastolic blood 
pressure, prevalence of metabolic syndrome … We used an 
analysis of covariance (ANCOVA) for the primary endpoint 
and for secondary endpoints waist circumference, blood 
pressure, and patient-reported outcome scores; this was sup‑
plemented by a repeated measures analysis. The ANCOVA 
model included treatment, country, and sex as fixed effects, 
and bodyweight at randomisation as covariate. We aimed to 
assess whether data provided evidence of superiority of each 
liraglutide dose to placebo (primary objective) and to orlistat 
(secondary objective).”176

Explanation—Data can be analysed in many ways, some 
of which may not be strictly appropriate in a particular 
situation. It is essential to specify which statistical pro‑
cedure was used for each analysis, and further clarifica‑
tion may be necessary in the results section of the report. 
The principle to follow is to, “Describe statistical methods 
with enough detail to enable a knowledgeable reader with 

Fig 3 |  Flow diagram of minimal surgery compared with medical management for chronic gastro-oesophageal reflux disease (adapted from Grant et al196). The diagram 
shows a multicentre trial with a parallel non-randomised preference group. 

Patients in preference study (n=453)Patients randomised (n=357)

Assessed for eligibility (n=1078)

Preference medicine (n=192)
Received surgery (n=3)

Preference surgery (n=261)
Withdrawn before surgery (n=16)
Received surgery (n=218)
Declined surgery (n=25)
Surgery referred (n=2)

Allocated to medicine (n=179)
Received surgery (n=10)

Baseline questionnaire returned (n=174)Baseline questionnaire returned (n=175) Baseline questionnaire returned (n=189)Baseline questionnaire returned (n=256)

Allocated to surgery (n=178)
Withdrawn before surgery (n=20)
Received surgery (n=111)
Declined surgery (n=47)

Follow-up time equivalent to 1 year after
  surgery (n=177)
Withdrawn/lost to follow-up (n=8)
Response (n=177)
Non-response (n=7)
Analysed with Reflux QoL Score (n=163)

Follow-up time equivalent to 1 year after
  surgery (n=230)
Withdrawn/lost to follow-up (n=12)
Death (n=2)
Response (n=230)
Non-response (n=17)
Analysed with Reflux QoL Score (n=212)

Follow-up time equivalent to 1 year after
  surgery (n=164)
Withdrawn/lost to follow-up (n=5)
Death (n=1)
Response (n=164)
Non-response (n=9)
Analysed with Reflux QoL Score (n=154)

Follow-up time equivalent to 1 year after
  surgery (n=154)
Withdrawn/lost to follow-up (n=14)
Response (n=154)
Non-response (n=10)
Analysed with Reflux QoL Score (n=145)

Ineligible (n=200)
Eligible but not recruited (n=68)
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Results
Item 13. Participant flow (a diagram is strongly recommended) 

Item 13a. For each group, the numbers of participants who were 
randomly assigned, received intended treatment, and were analysed 
for the primary outcome
Examples—See figs 2 and 3.
Explanation—The design and conduct of some RCTs is 
straightforward, and the flow of participants, particularly 
were there are no losses to follow-up or exclusions, through 
each phase of the study can be described adequately in a few 
sentences. In more complex studies, it may be difficult for 
readers to discern whether and why some participants did 
not receive the treatment as allocated, were lost to follow-up, 
or were excluded from the analysis.51 This information is cru‑
cial for several reasons. Participants who were excluded after 
allocation are unlikely to be representative of all participants 
in the study. For example, patients may not be available for 
follow-up evaluation because they experienced an acute exac‑
erbation of their illness or harms of treatment.22 192

Attrition as a result of loss to follow up, which is often una‑
voidable, needs to be distinguished from investigator-deter‑
mined exclusion for such reasons as ineligibility, withdrawal 
from treatment, and poor adherence to the trial protocol. Erro‑
neous conclusions can be reached if participants are excluded 
from analysis, and imbalances in such omissions between 
groups may be especially indicative of bias.192‑194 Informa‑
tion about whether the investigators included in the analysis 
all participants who underwent randomisation, in the groups 
to which they were originally allocated (intention-to-treat 
analysis (see item 16 and box 6)), is therefore of particular 
importance. Knowing the number of participants who did not 
receive the intervention as allocated or did not complete treat‑
ment permits the reader to assess to what extent the estimated 
efficacy of therapy might be underestimated in comparison 
with ideal circumstances.

If available, the number of people assessed for eligibility 
should also be reported. Although this number is relevant to 
external validity only and is arguably less important than the 
other counts,195 it is a useful indicator of whether trial par‑
ticipants were likely to be representative of all eligible par‑
ticipants.

A review of RCTs published in five leading general and 
internal medicine journals in 1998 found that reporting of the 

“Pre-specified subgroup analyses according to antioxi‑
dant treatment assignment(s), presence or absence of prior 
CVD, dietary folic acid intake, smoking, diabetes, aspirin, 
hormone therapy, and multivitamin use were performed 
using stratified Cox proportional hazards models. These 
analyses used baseline exposure assessments and were 
restricted to participants with nonmissing subgroup data 
at baseline.”181

Explanation—As is the case for primary analyses, the 
method of subgroup analysis should be clearly specified. 
The strongest analyses are those that look for evidence of a 
difference in treatment effect in complementary subgroups 
(for example, older and younger participants), a compari‑
son known as a test of interaction.182 183 A common but 
misleading approach is to compare P values for separate 
analyses of the treatment effect in each group. It is incorrect 
to infer a subgroup effect (interaction) from one significant 
and one non-significant P value.184 Such inferences have a 
high false positive rate.

Because of the high risk for spurious findings, subgroup 
analyses are often discouraged.14 185 Post hoc subgroup 
comparisons (analyses done after looking at the data) are 
especially likely not to be confirmed by further studies. Such 
analyses do not have great credibility.

In some studies, imbalances in participant characteristics 
are adjusted for by using some form of multiple regression 
analysis. Although the need for adjustment is much less in 
RCTs than in epidemiological studies, an adjusted analy‑
sis may be sensible, especially if one or more variables is 
thought to be prognostic.186 Ideally, adjusted analyses should 
be specified in the study protocol (see item 24). For example, 
adjustment is often recommended for any stratification vari‑
ables (see item 8b) on the principle that the analysis strat‑
egy should follow the design. In RCTs, the decision to adjust 
should not be determined by whether baseline differences 
are statistically significant (see item 16).183 187 The rationale 
for any adjusted analyses and the statistical methods used 
should be specified.

Authors should clarify the choice of variables that were 
adjusted for, indicate how continuous variables were han‑
dled, and specify whether the analysis was planned or sug‑
gested by the data.188 Reviews of published studies show 
that reporting of adjusted analyses is inadequate with regard 
to all of these aspects.188‑191

Table 3 |  Information required to document the flow of participants through each stage of a randomised trial 

Stage Number of people included
Number of people not included or 
excluded Rationale

Enrolment People evaluated for potential 
enrolment

People who did not meet the inclusion 
criteria or met the inclusion criteria but 
declined to be enrolled

These counts indicate whether trial participants were 
likely to be representative of all patients seen; they are 
relevant to assessment of external validity only, and 
they are often not available.

Randomisation Participants randomly assigned Crucial count for defining trial size and assessing 
whether a trial has been analysed by intention to treat

Treatment allocation Participants who completed treatment 
as allocated, by study group

Participants who did not complete 
treatment as allocated, by study group

Important counts for assessment of internal validity 
and interpretation of results; reasons for not receiving 
treatment as allocated should be given.

Follow-up Participants who completed treatment 
as allocated, by study group

Participants who did not complete 
treatment as allocated, by study group

Important counts for assessment of internal validity 
and interpretation of results; reasons for not 
completing treatment or follow-up should be given.Participants who completed follow-up 

as planned, by study group
Participants who did not complete 
follow-up as planned, by study group

Analysis Participants included in main 
analysis, by study group

Participants excluded from main 
analysis, by study group

Crucial count for assessing whether a trial has been 
analysed by intention to treat; reasons for excluding 
participants should be given.
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of the flow of participants through a trial, as recommended 
by CONSORT. This study informed the design of the revised 
flow diagram in the revised CONSORT statement.52‑54 The sug‑
gested template is shown in fig 1, and the counts required are 
described in detail in table 3.

Some information, such as the number of individuals 
assessed for eligibility, may not always be known,14 and, 
depending on the nature of a trial, some counts may be more 
relevant than others. It will sometimes be useful or neces‑
sary to adapt the structure of the flow diagram to a particular 
trial. In some situations, other information may usefully be 
added. For example, the flow diagram of a parallel group trial 
of minimal surgery compared with medical management for 
chronic gastro-oesophageal reflux also included a parallel 
non-randomised preference group (see fig 3).196 

The exact form and content of the flow diagram may be var‑
ied according to specific features of a trial. For example, many 
trials of surgery or vaccination do not include the possibility 
of discontinuation. Although CONSORT strongly recommends 
using this graphical device to communicate participant flow 
throughout the study, there is no specific, prescribed format.

Item 13b. For each group, losses and exclusions after randomisation, 
together with reasons
Examples—“There was only one protocol deviation, in a 
woman in the study group. She had an abnormal pelvic 
measurement and was scheduled for elective caesarean sec‑
tion. However, the attending obstetrician judged a trial of 
labour acceptable; caesarean section was done when there 
was no progress in the first stage of labour.”197

“The monitoring led to withdrawal of nine centres, in 
which existence of some patients could not be proved, 
or other serious violations of good clinical practice had 
occurred.”198

Explanation—Some protocol deviations may be reported in 

flow of participants was often incomplete, particularly with 
regard to the number of participants receiving the allocated 
intervention and the number lost to follow-up.51 Even infor‑
mation as basic as the number of participants who underwent 
randomisation and the number excluded from analyses was 
not available in up to 20% of articles.51 Reporting was con‑
siderably more thorough in articles that included a diagram 

Box 5 | Early stopping
RCTs can end when they reach their sample size goal, their event count goal, their length of 
follow-up goal, or when they reach their scheduled date of closure. In these situations the 
trial will stop in a manner independent of its results, and stopping is unlikely to introduce 
bias in the results. Alternatively, RCTs can stop earlier than planned because of the result 
of an interim analysis showing larger than expected benefit or harm on the experimental 
intervention. Also RCTs can stop earlier than planned when investigators find evidence of 
no important difference between experimental and control interventions (that is, stopping 
for futility). In addition, trials may stop early because the trial becomes unviable: funding 
vanishes, researchers cannot access eligible patients or study interventions, or the results of 
other studies make the research question irrelevant.

Full reporting of why a trial ended is important for evidence based decision making (see item 
14b). Researchers examining why 143 trials stopped early for benefit found that many failed 
to report key methodological information regarding how the decision to stop was reached—
the planned sample size (n=28), interim analysis after which the trial was stopped (n=45), or 
whether a stopping rule informed the decision (n=48).134 Item 7b of the checklist requires the 
reporting of timing of interim analyses, what triggered them, how many took place, whether 
these were planned or ad hoc, and whether there were statistical guidelines and stopping 
rules in place a priori. Furthermore, it is helpful to know whether an independent data 
monitoring committee participated in the analyses (and who composed it, with particular 
attention to the role of the funding source) and who made the decision to stop. Often the data 
safety and monitoring committee makes recommendations and the funders (sponsors) or the 
investigators make the decision to stop.

Trials that stop early for reasons apparently independent of trial findings, and trials that 
reach their planned termination, are unlikely to introduce bias by stopping.207 In these cases, 
the authors should report whether interim analyses took place and whether these results 
were available to the funder.

The push for trials that change the intervention in response to interim results, thus enabling 
a faster evaluation of promising interventions for rapidly evolving and fatal conditions, will 
require even more careful reporting of the process and decision to stop trials early.208

Table 4 |  Example of reporting baseline demographic and clinical characteristics.* (Adapted from table 1 of Yusuf et al209)
Telmisartan (N=2954) Placebo (N=2972)

Age (years) 66.9 (7.3) 66.9 (7.4)
Sex (female) 1280 (43.3%) 1267 (42.6%)
Smoking status:
  Current 293 (9.9%) 289 (9.7%)
  Past 1273 (43.1%) 1283 (43.2%)
Ethnic origin:
  Asian 637 (21.6%) 624 (21.0%)
  Arab 37 (1.3%) 40 (1.3%)
  African 51 (1.7%) 55 (1.9%)
  European 1801 (61.0%) 1820 (61.2%)
  Native or Aboriginal 390 (13.2%) 393 (13.2%)
  Other 38 (1.3%) 40 (1.3%)
Blood pressure (mm Hg) 140.7 (16.8/81.8) (10.1) 141.3 (16.4/82.0) (10.2)
Heart rate (beats per min) 68.8 (11.5) 68.8 (12.1)
Cholesterol (mmol/l):
  Total 5.09 (1.18) 5.08 (1.15)
  LDL 3.02 (1.01) 3.03 (1.02)
  HDL 1.27 (0.37) 1.28 (0.41)
Coronary artery disease 2211 (74.8%) 2207 (74.3%)
Myocardial infarction 1381 (46.8%) 1360 (45.8%)
Angina pectoris 1412 (47.8%) 1412 (47.5%)
Peripheral artery disease 349 (11.8%) 323 (10.9%)
Hypertension 2259 (76.5%) 2269 (76.3%)
Diabetes 1059 (35.8%) 1059 (35.6%)
*Data are means (SD) or numbers (%).
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unplanned interim analyses after very few events accrue 
using no statistical guidelines run a high risk of “catching” 
the data at a random extreme, which likely represents a 
large overestimate of treatment benefit.204

Readers will likely draw weaker inferences from a trial 
that was truncated in a data-driven manner versus one that 
reports its findings after reaching a goal independent of 
results. Thus, RCTs should indicate why the trial came to 
an end (see box 5). The report should also disclose factors 
extrinsic to the trial that affected the decision to stop the 
trial, and who made the decision to stop the trial, including 
reporting the role the funding agency played in the delib‑
erations and in the decision to stop the trial.134

A systematic review of 143 RCTs stopped earlier than 
planned for benefit found that these trials reported stop‑
ping after accruing a median of 66 events, estimated a 
median relative risk of 0.47 and a strong relation between 
the number of events accrued and the size of the effect, 
with smaller trials with fewer events yielding the largest 
treatment effects (odds ratio 31, 95% confidence interval 
12 to 82).134 While an increasing number of trials published 
in high impact medical journals report stopping early, only 
0.1% of trials reported stopping early for benefit, which 
contrasts with estimates arising from simulation studies205 
and surveys of data safety and monitoring committees.206 
Thus, many trials accruing few participants and reporting 
large treatment effects may have been stopped earlier than 
planned but failed to report this action.

Item 15. A table showing baseline demographic and clinical 
characteristics for each group
Example—See table 4
Explanation—Although the eligibility criteria (see item 4a) 
indicate who was eligible for the trial, it is also important to 
know the characteristics of the participants who were actu‑
ally included. This information allows readers, especially 
clinicians, to judge how relevant the results of a trial might 
be to an individual patient.

Randomised trials aim to compare groups of participants 
that differ only with respect to the intervention (treatment). 
Although proper random assignment prevents selection 
bias, it does not guarantee that the groups are equivalent 
at baseline. Any differences in baseline characteristics 
are, however, the result of chance rather than bias.32 The 
study groups should be compared at baseline for important 
demographic and clinical characteristics so that readers 
can assess how similar they were. Baseline data are espe‑
cially valuable for outcomes that can also be measured at 
the start of the trial (such as blood pressure).

Baseline information is most efficiently presented in 
a table (see table 4). For continuous variables, such as 
weight or blood pressure, the variability of the data should 
be reported, along with average values. Continuous vari‑
ables can be summarised for each group by the mean 
and standard deviation. When continuous data have an 
asymmetrical distribution, a preferable approach may be 
to quote the median and a centile range (such as the 25th 
and 75th centiles).177 Standard errors and confidence inter‑
vals are not appropriate for describing variability—they are 
inferential rather than descriptive statistics. Variables with 
a small number of ordered categories (such as stages of dis‑

the flow diagram (see item 13a)—for example, participants 
who did not receive the intended intervention. If participants 
were excluded after randomisation (contrary to the inten‑
tion-to-treat principle) because they were found not to meet 
eligibility criteria (see item 16), they should be included in 
the flow diagram. Use of the term “protocol deviation” in 
published articles is not sufficient to justify exclusion of 
participants after randomisation. The nature of the protocol 
deviation and the exact reason for excluding participants 
after randomisation should always be reported.

Item 14a. Dates defining the periods of recruitment and 
follow-up
Example—“Age-eligible participants were recruited … 
from February 1993 to September 1994 … Participants 
attended clinic visits at the time of randomisation (base‑
line) and at 6-month intervals for 3 years.”199

Explanation—Knowing when a study took place and 
over what period participants were recruited places the 
study in historical context. Medical and surgical thera‑
pies, including concurrent therapies, evolve continuously 
and may affect the routine care given to participants dur‑
ing a trial. Knowing the rate at which participants were 
recruited may also be useful, especially to other investi‑
gators.

The length of follow-up is not always a fixed period 
after randomisation. In many RCTs in which the outcome 
is time to an event, follow-up of all participants is ended 
on a specific date. This date should be given, and it is also 
useful to report the minimum, maximum, and median 
duration of follow-up.200 201

A review of reports in oncology journals that used sur‑
vival analysis, most of which were not RCTs, 201 found 
that nearly 80% (104 of 132 reports) included the start‑
ing and ending dates for accrual of patients, but only 
24% (32 of 132 reports) also reported the date on which 
follow-up ended.

Item 14b. Why the trial ended or was stopped
Examples—“At the time of the interim analysis, the total 
follow-up included an estimated 63% of the total number 
of patient-years that would have been collected at the end of 
the study, leading to a threshold value of 0.0095, as deter‑
mined by the Lan-DeMets alpha-spending function method 
… At the interim analysis, the RR was 0.37 in the intervention 
group, as compared with the control group, with a p value 
of 0.00073, below the threshold value. The Data and Safety 
Monitoring Board advised the investigators to interrupt the 
trial and offer circumcision to the control group, who were 
then asked to come to the investigation centre, where MC 
(medical circumcision) was advised and proposed … Because 
the study was interrupted, some participants did not have a 
full follow-up on that date, and their visits that were not yet 
completed are described as “planned” in this article.”202

“In January 2000, problems with vaccine supply neces‑
sitated the temporary nationwide replacement of the 
whole cell component of the combined DPT/Hib vaccine 
with acellular pertussis vaccine. As this vaccine has a dif‑
ferent local reactogenicity profile, we decided to stop the 
trial early.”203

Explanation—Arguably, trialists who arbitrarily conduct 
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significance tests assess the probability that observed base‑
line differences could have occurred by chance; however, 
we already know that any differences are caused by chance. 
Tests of baseline differences are not necessarily wrong, just 
illogical.211 Such hypothesis testing is superfluous and can 
mislead investigators and their readers. Rather, comparisons 
at baseline should be based on consideration of the prog‑
nostic strength of the variables measured and the size of any 
chance imbalances that have occurred.211

Item 16. For each group, number of participants (denominator) 
included in each analysis and whether the analysis was by original 
assigned groups
Examples—“The primary analysis was intention-to-treat and 
involved all patients who were randomly assigned.”212

“One patient in the alendronate group was lost to follow 
up; thus data from 31 patients were available for the inten‑
tion-to-treat analysis. Five patients were considered protocol 
violators … consequently 26 patients remained for the per-
protocol analyses.”213

Explanation—The number of participants in each group is 
an essential element of the analyses. Although the flow dia‑
gram (see item 13a) may indicate the numbers of participants 
analysed, these numbers often vary for different outcome 
measures. The number of participants per group should be 
given for all analyses. For binary outcomes, (such as risk ratio 
and risk difference) the denominators or event rates should 
also be reported. Expressing results as fractions also aids the 
reader in assessing whether some of the randomly assigned 
participants were excluded from the analysis. It follows that 
results should not be presented solely as summary measures, 
such as relative risks.

ease I to IV) should not be treated as continuous variables; 
instead, numbers and proportions should be reported for 
each category.48 177

Unfortunately significance tests of baseline differences are 
still common23 32 210; they were reported in half of 50 RCTs 
trials published in leading general journals in 1997.183 Such 

Box 6 | Intention-to-treat analysis
The special strength of the RCT is the avoidance of bias when allocating interventions to trial participants (see box 1). That strength allows strong inferences 
about cause and effect that are not justified with other study designs. In order to preserve fully the huge benefit of randomisation we should include all 
randomised participants in the analysis, all retained in the group to which they were allocated. Those two conditions define an “intention-to-treat” analysis, 
which is widely recommended as the preferred analysis strategy.18 223 Intention-to-treat analysis corresponds to analysing the groups exactly as randomised. 
Strict intention-to-treat analysis is often hard to achieve for two main reasons—missing outcomes for some participants and non-adherence to the trial protocol.

Missing outcomes
Many trialists exclude patients without an observed outcome. Often this is reasonable, but once any randomised participants are excluded the analysis is not 
strictly an intention-to-treat analysis. Indeed, most randomised trials have some missing observations. Trialists effectively must choose between omitting 
the participants without final outcome data or imputing their missing outcome data.225 A “complete case” (or “available case”) analysis includes only those 
whose outcome is known. While a few missing outcomes will not cause a problem, in half of trials more than 10% of randomised patients may have missing 
outcomes.226 This common approach will lose power by reducing the sample size, and bias may well be introduced if being lost to follow-up is related to a 
patient’s response to treatment. There should be concern when the frequency or the causes of dropping out differ between the intervention groups.

Participants with missing outcomes can be included in the analysis only if their outcomes are imputed (that is, their outcomes are estimated from other 
information that was collected). Imputation of the missing data allows the analysis to conform to intention-to-treat analysis but requires strong assumptions, 
which may be hard to justify.227 Simple imputation methods are appealing, but their use may be inadvisable. In particular, a widely used method is “last 
observation carried forward” in which missing final values of the outcome variable are replaced by the last known value before the participant was lost to follow 
up. This is appealing through its simplicity, but the method may introduce bias,228 and no allowance is made for the uncertainty of imputation.229 Many authors 
have severely criticised last observation carried forward.229‑231

Non-adherence to the protocol
A separate issue is that the trial protocol may not have been followed fully for some trial participants. Common examples are participants who did not meet the 
inclusion criteria (such as wrong diagnosis, too young), received a proscribed co-intervention, did not take all the intended treatment, or received a different 
treatment or no intervention. The simple way to deal with any protocol deviations is to ignore them: all participants can be included in the analysis regardless of 
adherence to the protocol, and this is the intention-to-treat approach. Thus, exclusion of any participants for such reasons is incompatible with intention-to-treat 
analysis.

The term “modified intention-to-treat” is quite widely used to describe an analysis that excludes participants who did not adequately adhere to the protocol, 
in particular those who did not receive a defined minimum amount of the intervention.232 An alternative term is “per protocol.” Though a per protocol analysis 
may be appropriate in some settings, it should be properly labelled as a non-randomised, observational comparison. Any exclusion of patients from the analysis 
compromises the randomisation and may lead to bias in the results.

Like “intention-to-treat,” none of these other labels reliably clarifies exactly which patients were included. Thus, in the CONSORT checklist we have dropped the 
specific request for intention-to-treat analysis in favour of a clear description of exactly who was included in each analysis.

Table 5 |  Example of reporting of summary results for each study group (binary outcomes).* 
(Adapted from table 2 of Mease et al103)

Endpoint
Number (%)

Risk difference (95% CI)Etanercept (n=30) Placebo (n=30)
Primary endpoint
Achieved PsARC at 12 
weeks

26 (87) 7 (23) 63% (44 to 83)

Secondary endpoint
Proportion of patients 
meeting ACR criteria:
  ACR20 22 (73) 4 (13) 60% (40 to 80)
  ACR50 15 (50) 1 (3) 47% (28 to 66)
  ACR70 4 (13) 0 (0) 13% (1 to 26)
*See also example for item 6a. 
PsARC=psoriatic arthritis response criteria. ACR=American College of Rheumatology.

Table 6 |  Example of reporting of summary results for each study group (continuous outcomes). 
(Adapted from table 3 of van Linschoten234)

Exercise therapy (n=65) Control (n=66) Adjusted 
difference* (95% 
CI) at 12 months

Baseline 
(mean (SD))

12 months (mean 
(SD))

Baseline (mean 
(SD))

12 months 
(mean (SD))

Function score 
(0-100)

64.4 (13.9) 83.2 (14.8) 65.9 (15.2) 79.8 (17.5) 4.52 (−0.73 to 
9.76)

Pain at rest 
(0-100)

4.14 (2.3) 1.43 (2.2) 4.03 (2.3) 2.61 (2.9) −1.29 (−2.16 to 
−0.42)

Pain on activity 
(0-100)

6.32 (2.2) 2.57 (2.9) 5.97 (2.3) 3.54 (3.38) −1.19 (−2.22 to 
−0.16)

*Function score adjusted for baseline, age, and duration of symptoms.
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with other aspects of good study design and reporting, such 
as describing a sample size calculation.224

Item 17a. For each primary and secondary outcome, results for each 
group, and the estimated effect size and its precision (such as 95% 
confidence interval)
Examples—See tables 5 and 6.
Explanation—For each outcome, study results should be 
reported as a summary of the outcome in each group (for 
example, the number of participants with or without the 
event and the denominators, or the mean and standard 
deviation of measurements), together with the contrast 
between the groups, known as the effect size. For binary 
outcomes, the effect size could be the risk ratio (relative 
risk), odds ratio, or risk difference; for survival time data, it 
could be the hazard ratio or difference in median survival 
time; and for continuous data, it is usually the difference in 
means. Confidence intervals should be presented for the con‑
trast between groups. A common error is the presentation of 
separate confidence intervals for the outcome in each group 
rather than for the treatment effect.233 Trial results are often 
more clearly displayed in a table rather than in the text, as 
shown in tables 5 and 6.

For all outcomes, authors should provide a confidence 
interval to indicate the precision (uncertainty) of the esti‑
mate.48 235 A 95% confidence interval is conventional, but 
occasionally other levels are used. Many journals require or 
strongly encourage the use of confidence intervals.236 They 
are especially valuable in relation to differences that do not 
meet conventional statistical significance, for which they 
often indicate that the result does not rule out an impor‑
tant clinical difference. The use of confidence intervals 
has increased markedly in recent years, although not in all 
medical specialties.233 Although P values may be provided 
in addition to confidence intervals, results should not be 
reported solely as P values.237 238 Results should be reported 
for all planned primary and secondary end points, not just 
for analyses that were statistically significant or “interest‑
ing.” Selective reporting within a study is a widespread and 
serious problem.55 57 In trials in which interim analyses were 
performed, interpretation should focus on the final results at 
the close of the trial, not the interim results.239

For both binary and survival time data, expressing the 
results also as the number needed to treat for benefit or 
harm can be helpful (see item 21).240 241

Item 17b. For binary outcomes, presentation of both absolute and 
relative effect sizes is recommended
Example—“The risk of oxygen dependence or death was 
reduced by 16% (95% CI 25% to 7%). The absolute differ‑
ence was −6.3% (95% CI −9.9% to −2.7%); early adminis‑
tration to an estimated 16 babies would therefore prevent 1 
baby dying or being long-term dependent on oxygen” (also 
see table 7).242

Explanation—When the primary outcome is binary, both 
the relative effect (risk ratio (relative risk) or odds ratio) and 
the absolute effect (risk difference) should be reported (with 
confidence intervals), as neither the relative measure nor the 
absolute measure alone gives a complete picture of the effect 
and its implications. Different audiences may prefer either 
relative or absolute risk, but both doctors and lay people 

Participants may sometimes not receive the full interven‑
tion, or some ineligible patients may have been randomly 
allocated in error. One widely recommended way to handle 
such issues is to analyse all participants according to their 
original group assignment, regardless of what subsequently 
occurred (see box 6). This “intention-to-treat” strategy is not 
always straightforward to implement. It is common for some 
patients not to complete a study—they may drop out or be 
withdrawn from active treatment—and thus are not assessed 
at the end. If the outcome is mortality, such patients may 
be included in the analysis based on register information, 
whereas imputation techniques may need to be used if other 
outcome data are missing. The term “intention-to-treat analy‑
sis” is often inappropriately used—for example, when those 
who did not receive the first dose of a trial drug are excluded 
from the analyses.18

Conversely, analysis can be restricted to only participants 
who fulfil the protocol in terms of eligibility, interventions, and 
outcome assessment. This analysis is known as an “on-treat‑
ment” or “per protocol” analysis. Excluding participants from 
the analysis can lead to erroneous conclusions. For example, 
in a trial that compared medical with surgical therapy for 
carotid stenosis, analysis limited to participants who were 
available for follow-up showed that surgery reduced the risk 
for transient ischaemic attack, stroke, and death. However, 
intention-to-treat analysis based on all participants as origi‑
nally assigned did not show a superior effect of surgery.214

Intention-to-treat analysis is generally favoured because 
it avoids bias associated with non-random loss of par‑
ticipants.215‑217 Regardless of whether authors use the term 
“intention-to-treat,” they should make clear which and how 
many participants are included in each analysis (see item 
13). Non-compliance with assigned therapy may mean that 
the intention-to-treat analysis underestimates the potential 
benefit of the treatment, and additional analyses, such as a 
per protocol analysis, may therefore be considered.218 219 It 
should be noted, however, that such analyses are often con‑
siderably flawed.220

In a review of 403 RCTs published in 10 leading medical 
journals in 2002, 249 (62%) reported the use of intention-
to-treat analysis for their primary analysis. This proportion 
was higher for journals adhering to the CONSORT state‑
ment (70% v 48%). Among articles that reported the use 
of intention-to-treat analysis, only 39% actually analysed 
all participants as randomised, with more than 60% of arti‑
cles having missing data in their primary analysis.221 Other 
studies show similar findings.18 222 223 Trials with no reported 
exclusions are methodologically weaker in other respects 
than those that report on some excluded participants,173 
strongly indicating that at least some researchers who have 
excluded participants do not report it. Another study found 
that reporting an intention-to-treat analysis was associated 

Table 7 |  Example of reporting both absolute and relative effect sizes. (Adapted from table 3 of 
The OSIRIS Collaborative Group242)

Primary outcome

Percentage (No)

Risk ratio (95% CI)
Risk difference 

(95% CI)

Early 
administration 

(n=1344)

Delayed selective 
administration 

(n=1346)
Death or oxygen 
dependence at “expected 
date of delivery”

31.9 (429) 38.2 (514) 0.84 (0.75 to 0.93) −6.3 (−9.9 to −2.7)
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made for nominated baseline variables by using analysis 
of covariance.187 Adjustment for variables because they dif‑
fer significantly at baseline is likely to bias the estimated 
treatment effect.187 A survey found that unacknowledged 
discrepancies between protocols and publications were 
found for all 25 trials reporting subgroup analyses and for 
23 of 28 trials reporting adjusted analyses.92

Item 19. All important harms or unintended effects in each group
For specific guidance see CONSORT for harms.42

Example—“The proportion of patients experiencing any 
adverse event was similar between the rBPI21 [recombinant 
bactericidal/permeability-increasing protein] and placebo 
groups: 168 (88.4%) of 190 and 180 (88.7%) of 203, respec‑
tively, and it was lower in patients treated with rBPI21 than 
in those treated with placebo for 11 of 12 body systems … the 
proportion of patients experiencing a severe adverse event, 
as judged by the investigators, was numerically lower in the 
rBPI21 group than the placebo group: 53 (27.9%) of 190 
versus 74 (36.5%) of 203 patients, respectively. There were 
only three serious adverse events reported as drug-related 
and they all occurred in the placebo group.”250

Explanation—Readers need information about the harms as 
well as the benefits of interventions to make rational and bal‑
anced decisions. The existence and nature of adverse effects 
can have a major impact on whether a particular interven‑
tion will be deemed acceptable and useful. Not all reported 
adverse events observed during a trial are necessarily a con‑
sequence of the intervention; some may be a consequence 
of the condition being treated. Randomised trials offer the 
best approach for providing safety data as well as efficacy 
data, although they cannot detect rare harms.

Many reports of RCTs provide inadequate information 
on adverse events. A survey of 192 drug trials published 
from 1967 to 1999 showed that only 39% had adequate 
reporting of clinical adverse events and 29% had adequate 
reporting of laboratory defined toxicity.72 More recently, a 
comparison between the adverse event data submitted 
to the trials database of the National Cancer Institute, 
which sponsored the trials, and the information reported 
in journal articles found that low grade adverse events 
were underreported in journal articles. High grade events 
(Common Toxicity Criteria grades 3 to 5) were reported 
inconsistently in the articles, and the information regard‑
ing attribution to investigational drugs was incomplete.251 
Moreover, a review of trials published in six general medi‑
cal journals in 2006 to 2007 found that, although 89% of 
133 reports mentioned adverse events, no information on 
severe adverse events and withdrawal of patients due to 
an adverse event was given on 27% and 48% of articles, 
respectively.252

An extension of the CONSORT statement has been devel‑
oped to provide detailed recommendations on the report‑
ing of harms in randomised trials.42 Recommendations 
and examples of appropriate reporting are freely available 
from the CONSORT website (www.consort-statement.org). 
They complement the CONSORT 2010 Statement and 
should be consulted, particularly if the study of harms was 
a key objective. Briefly, if data on adverse events were col‑
lected, events should be listed and defined, with reference 
to standardised criteria where appropriate. The methods 

tend to overestimate the effect when it is presented in terms 
of relative risk.243‑245 The size of the risk difference is less gen‑
eralisable to other populations than the relative risk since it 
depends on the baseline risk in the unexposed group, which 
tends to vary across populations. For diseases where the out‑
come is common, a relative risk near unity might indicate 
clinically important differences in public health terms. In 
contrast, a large relative risk when the outcome is rare may 
not be so important for public health (although it may be 
important to an individual in a high risk category).

Item 18. Results of any other analyses performed, including 
subgroup analyses and adjusted analyses, distinguishing pre-
specified from exploratory
Example—“On the basis of a study that suggested periop‑
erative β-blocker efficacy might vary across baseline risk, 
we prespecified our primary subgroup analysis on the 
basis of the revised cardiac risk index scoring system. We 
also did prespecified secondary subgroup analyses based 
on sex, type of surgery, and use of an epidural or spinal 
anaesthetic. For all subgroup analyses, we used Cox pro‑
portional hazard models that incorporated tests for inter‑
actions, designated to be significant at p<0.05 … Figure 3 
shows the results of our prespecified subgroup analyses 
and indicates consistency of effects … Our subgroup analy‑
ses were underpowered to detect the modest differences 
in subgroup effects that one might expect to detect if there 
was a true subgroup effect.”100

Explanation—Multiple analyses of the same data create a 
risk for false positive findings.246 Authors should resist the 
temptation to perform many subgroup analyses.183 185 247 
Analyses that were prespecified in the trial protocol (see item 
24) are much more reliable than those suggested by the data, 
and therefore authors should report which analyses were 
prespecified. If subgroup analyses were undertaken, authors 
should report which subgroups were examined, why, if they 
were prespecified, and how many were prespecified. Selec‑
tive reporting of subgroup analyses could lead to bias.248 
When evaluating a subgroup the question is not whether the 
subgroup shows a statistically significant result but whether 
the subgroup treatment effects are significantly different 
from each other. To determine this, a test of interaction is 
helpful, although the power for such tests is typically low. If 
formal evaluations of interaction are undertaken (see item 
12b) they should be reported as the estimated difference in 
the intervention effect in each subgroup (with a confidence 
interval), not just as P values.

In one survey, 35 of 50 trial reports included subgroup 
analyses, of which only 42% used tests of interaction.183 It 
was often difficult to determine whether subgroup analyses 
had been specified in the protocol. In another survey of sur‑
gical trials published in high impact journals, 27 of 72 trials 
reported 54 subgroup analyses, of which 91% were post hoc 
and only 6% of subgroup analyses used a test of interaction 
to assess whether a subgroup effect existed.249

Similar recommendations apply to analyses in which 
adjustment was made for baseline variables. If done, both 
unadjusted and adjusted analyses should be reported. 
Authors should indicate whether adjusted analyses, includ‑
ing the choice of variables to adjust for, were planned. Ide‑
ally, the trial protocol should state whether adjustment is 
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able insight into whether the trial result is compatible with a 
clinically important effect, regardless of the P value.120

Authors should exercise special care when evaluating 
the results of trials with multiple comparisons. Such mul‑
tiplicity arises from several interventions, outcome meas‑
ures, time points, subgroup analyses, and other factors. In 
such circumstances, some statistically significant findings 
are likely to result from chance alone.

Item 21. Generalisability (external validity, applicability) of the 
trial findings
Examples—“As the intervention was implemented for both 
sexes, all ages, all types of sports, and at different levels of 
sports, the results indicate that the entire range of athletes, 
from young elite to intermediate and recreational senior 
athletes, would benefit from using the presented training 
programme for the prevention of recurrences of ankle sprain. 
By including non-medically treated and medically treated 
athletes, we covered a broad spectrum of injury severity. 
This suggests that the present training programme can be 
implemented in the treatment of all athletes. Furthermore, 
as it is reasonable to assume that ankle sprains not related to 
sports are comparable with those in sports, the programme 
could benefit the general population.”260

“This replicates and extends the work of Clarke and col‑
leagues and demonstrates that this CB (cognitive behav‑
ioural) prevention program can be reliably and effectively 
delivered in different settings by clinicians outside of the 
group who originally developed the intervention. The effect 
size was consistent with those of previously reported, single-
site, indicated depression prevention studies and was robust 
across sites with respect to both depressive disorders and 
symptoms … In this generalisability trial, we chose a com‑
parison condition that is relevant to public health—usual 
care … The sample also was predominantly working class to 
middle class with access to health insurance. Given evidence 
that CB therapy can be more efficacious for adolescents from 
homes with higher incomes, it will be important to test the 
effects of this prevention program with more economically 
and ethnically diverse samples.”261

Explanation—External validity, also called generalisability 
or applicability, is the extent to which the results of a study 
can be generalised to other circumstances.262 Internal valid‑
ity, the extent to which the design and conduct of the trial 
eliminate the possibility of bias, is a prerequisite for external 
validity: the results of a flawed trial are invalid and the ques‑
tion of its external validity becomes irrelevant. There is no 
absolute external validity; the term is meaningful only with 
regard to clearly specified conditions that were not directly 
examined in the trial. Can results be generalised to an indi‑
vidual participant or groups that differ from those enrolled 
in the trial with regard to age, sex, severity of disease, and 
comorbid conditions? Are the results applicable to other 
drugs within a class of similar drugs, to a different dose, 
timing, and route of administration, and to different con‑
comitant therapies? Can similar results be expected at the 
primary, secondary, and tertiary levels of care? What about 
the effect on related outcomes that were not assessed in the 
trial, and the importance of length of follow-up and duration 
of treatment, especially with respect to harms?263

External validity is a matter of judgment and depends on 

used for data collection and attribution of events should 
be described. For each study arm the absolute risk of each 
adverse event, using appropriate metrics for recurrent 
events, and the number of participants withdrawn due to 
harms should be presented. Finally, authors should pro‑
vide a balanced discussion of benefits and harms.42

Discussion
Item 20. Trial limitations, addressing sources of potential bias, 
imprecision, and, if relevant, multiplicity of analyses
Example—“The preponderance of male patients (85%) 
is a limitation of our study … We used bare-metal stents, 
since drug-eluting stents were not available until late dur‑
ing accrual. Although the latter factor may be perceived as a 
limitation, published data indicate no benefit (either short-
term or long-term) with respect to death and myocardial 
infarction in patients with stable coronary artery disease 
who receive drug-eluting stents, as compared with those 
who receive bare-metal stents.”253

Explanation—The discussion sections of scientific reports 
are often filled with rhetoric supporting the authors’ find‑
ings254 and provide little measured argument of the pros 
and cons of the study and its results. Some journals have 
attempted to remedy this problem by encouraging more 
structure to authors’ discussion of their results.255 256 For 
example, Annals of Internal Medicine recommends that 
authors structure the discussion section by presenting (1) a 
brief synopsis of the key findings, (2) consideration of pos‑
sible mechanisms and explanations, (3) comparison with 
relevant findings from other published studies (whenever 
possible including a systematic review combining the results 
of the current study with the results of all previous relevant 
studies), (4) limitations of the present study (and methods 
used to minimise and compensate for those limitations), and 
(5) a brief section that summarises the clinical and research 
implications of the work, as appropriate.255 We recommend 
that authors follow these sensible suggestions, perhaps also 
using suitable subheadings in the discussion section.

Although discussion of limitations is frequently omitted 
from research reports,257 identification and discussion of 
the weaknesses of a study have particular importance.258 
For example, a surgical group reported that laparoscopic 
cholecystectomy, a technically difficult procedure, had signif‑
icantly lower rates of complications than the more traditional 
open cholecystectomy for management of acute cholecysti‑
tis.259 However, the authors failed to discuss an obvious bias 
in their results. The study investigators had completed all the 
laparoscopic cholecystectomies, whereas 80% of the open 
cholecystectomies had been completed by trainees.

Authors should also discuss any imprecision of the 
results. Imprecision may arise in connection with several 
aspects of a study, including measurement of a primary 
outcome (see item 6a) or diagnosis (see item 4a). Perhaps 
the scale used was validated on an adult population but 
used in a paediatric one, or the assessor was not trained in 
how to administer the instrument.

The difference between statistical significance and clini‑
cal importance should always be borne in mind. Authors 
should particularly avoid the common error of interpreting a 
non-significant result as indicating equivalence of interven‑
tions. The confidence interval (see item 17a) provides valu‑
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these points.277 Bayesian methods can be used to statistically 
combine the trial data with previous evidence.278

We recommend that, at a minimum, the discussion should 
be as systematic as possible and be based on a comprehen‑
sive search, rather than being limited to studies that support 
the results of the current trial.279

Other information
Item 23. Registration number and name of trial registry
Example—“The trial is registered at ClinicalTrials.gov, 
number NCT00244842.”280

Explanation—The consequences of non-publication of 
entire trials,281 282 selective reporting of outcomes within tri‑
als, and of per protocol rather than intention-to-treat analysis 
have been well documented.55 56 283 Covert redundant publi‑
cation of clinical trials can also cause problems, particularly 
for authors of systematic reviews when results from the same 
trial are inadvertently included more than once.284

To minimise or avoid these problems there have been 
repeated calls over the past 25 years to register clinical 
trials at their inception, to assign unique trial identifica‑
tion numbers, and to record other basic information about 
the trial so that essential details are made publicly avail‑
able.285‑288 Provoked by recent serious problems of with‑
holding data,289 there has been a renewed effort to register 
randomised trials. Indeed, the World Health Organisation 
states that “the registration of all interventional trials is 
a scientific, ethical and moral responsibility” (www.who.
int/ictrp/en). By registering a randomised trial, authors 
typically report a minimal set of information and obtain a 
unique trial registration number.

In September 2004 the International Committee of 
Medical Journal Editors (ICMJE) changed their policy, saying 
that they would consider trials for publication only if they 
had been registered before the enrolment of the first partici‑
pant.290 This resulted in a dramatic increase in the number 
of trials being registered.291 The ICMJE gives guidance on 
acceptable registries (www.icmje.org/faq.pdf).

In a recent survey of 165 high impact factor medical 
journals’ instructions to authors, 44 journals specifically 
stated that all recent clinical trials must be registered as a 
requirement of submission to that journal.292

Authors should provide the name of the register and 
the trial’s unique registration number. If authors had not 
registered their trial they should explicitly state this and 
give the reason.

Item 24. Where the full trial protocol can be accessed, if available
Example—“Full details of the trial protocol can be found 
in the Supplementary Appendix, available with the full text 
of this article at www.nejm.org.”293

Explanation—A protocol for the complete trial (rather than 
a protocol of a specific procedure within a trial) is important 
because it pre-specifies the methods of the randomised trial, 
such as the primary outcome (see item 6a). Having a pro‑
tocol can help to restrict the likelihood of undeclared post 
hoc changes to the trial methods and selective outcome 
reporting (see item 6b). Elements that may be important for 
inclusion in the protocol for a randomised trial are described 
elsewhere.294

There are several options for authors to consider ensur‑

the characteristics of the participants included in the trial, 
the trial setting, the treatment regimens tested, and the out‑
comes assessed.5 136 It is therefore crucial that adequate infor‑
mation be described about eligibility criteria and the setting 
and location (see item 4b), the interventions and how they 
were administered (see item 5), the definition of outcomes 
(see item 6), and the period of recruitment and follow-up 
(see item 14). The proportion of control group participants 
in whom the outcome develops (control group risk) is also 
important. The proportion of eligible participants who refuse 
to enter the trial as indicated on the flowchart (see item 13) is 
relevant for the generalisability of the trial, as it may indicate 
preferences for or acceptability of an intervention. Similar 
considerations may apply to clinician preferences.264 265

Several issues are important when results of a trial are 
applied to an individual patient.266‑268 Although some vari‑
ation in treatment response between an individual patient 
and the patients in a trial or systematic review is to be 
expected, the differences tend to be in magnitude rather 
than direction.

Although there are important exceptions,268 therapies 
(especially drugs 269) found to be beneficial in a narrow range 
of patients generally have broader application in actual 
practice. Frameworks for the evaluation of external validity 
have been proposed, including qualitative studies, such as in 
integral “process evaluations”270 and checklists.271 Measures 
that incorporate baseline risk when calculating therapeutic 
effects, such as the number needed to treat to obtain one 
additional favourable outcome and the number needed to 
treat to produce one adverse effect, are helpful in assessing 
the benefit-to-risk balance in an individual patient or group 
with characteristics that differ from the typical trial partici‑
pant.268 272 273 Finally, after deriving patient centred estimates 
for the potential benefit and harm from an intervention, the 
clinician must integrate them with the patient’s values and 
preferences for therapy. Similar considerations apply when 
assessing the generalisability of results to different settings 
and interventions.

Item 22. Interpretation consistent with results, balancing benefits and 
harms, and considering other relevant evidence
Example—“Studies published before 1990 suggested that 
prophylactic immunotherapy also reduced nosocomial 
infections in very-low-birth-weight infants. However, these 
studies enrolled small numbers of patients; employed var‑
ied designs, preparations, and doses; and included diverse 
study populations. In this large multicenter, randomised 
controlled trial, the repeated prophylactic administration of 
intravenous immune globulin failed to reduce the incidence 
of nosocomial infections significantly in premature infants 
weighing 501 to 1500 g at birth.”274

Explanation—Readers will want to know how the present 
trial’s results relate to those of other RCTs. This can best be 
achieved by including a formal systematic review in the 
results or discussion section of the report.83 275‑ 277 Such 
synthesis may be impractical for trial authors, but it is often 
possible to quote a systematic review of similar trials. A sys‑
tematic review may help readers assess whether the results 
of the RCT are similar to those of other trials in the same 
topic area and whether participants are similar across stud‑
ies. Reports of RCTs have often not dealt adequately with 
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Reporting RCTs that did not have a two group parallel 
design
The primary focus of the CONSORT recommendations is 
RCTs with a parallel design and two treatment groups. Most 
RCTs have that design, but a substantial minority do not: 
45% (233/519) of RCTs published in December 2000,16 
and 39% (242/616) in December 2006.17

Most of the CONSORT statement applies equally to 
all trial designs, but there are a few additional issues to 
address for each design. Before the publication of the 
revised CONSORT statement in 2001, the CONSORT Group 
decided to develop extensions to the main CONSORT state‑
ment relevant to specific trial designs. Extensions have 
been published relating to reporting of cluster randomised 
trials40 and non-inferiority and equivalence trials.39 Lack 
of resources has meant that other planned extensions 
have not been completed; they will cover trials with the 
following designs: multiarm parallel, factorial, crossover, 
within-person.

Authors reporting trials with a cluster design or using a 
non-inferiority or equivalence framework should consult 
the CONSORT recommendations in addition to those in this 
document. Here we make a few interim comments about the 
other designs. In each case, the trial design should be made 
clear in both the main text and the article’s abstract.

Multiarm (>2 group) parallel group trials need the least 
modification of the standard CONSORT guidance. The flow 
diagram can be extended easily. The main differences from 
trials with two groups relate to clarification of how the study 
hypotheses relate to the multiple groups, and the consequent 
methods of data analysis and interpretation. For factorial tri‑
als, the possibility of interaction between the interventions 
generally needs to be considered. In addition to overall 
comparisons of participants who did or did not receive each 
intervention under study, investigators should consider also 
reporting results for each treatment combination.303

In crossover trials, each participant receives two (or 
more) treatments in a random order. The main additional 
issues to address relate to the paired nature of the data, 
which affect design and analysis.304 Similar issues affect 
within-person comparisons, in which participants receive 
two treatments simultaneously (often to paired organs). 
Also, because of the risk of temporal or systemic carryo‑
ver effects, respectively, in both cases the choice of design 
needs justification.

The CONSORT Group intends to publish extensions 
to CONSORT to cover all these designs. In addition, we 
will publish updates to existing guidance for cluster ran‑
domised trials and non-inferiority and equivalence trials to 
take account of this major update of the generic CONSORT 
guidance.

Discussion
Assessment of healthcare interventions can be misleading 
unless investigators ensure unbiased comparisons. Ran‑
dom allocation to study groups remains the only method 
that eliminates selection and confounding biases. Non-ran‑
domised trials tend to result in larger estimated treatment 
effects than randomised trials.305 306

Bias jeopardises even RCTs, however, if investigators 
carry out such trials improperly.307 A recent systematic 

ing their trial protocol is accessible to interested readers. As 
described in the example above, journals reporting a trial’s 
primary results can make the trial protocol available on 
their web site. Accessibility to the trial results and protocol 
is enhanced when the journal is open access. Some journals 
(such as Trials) publish trial protocols, and such a publication 
can be referenced when reporting the trial’s principal results. 
Trial registration (see item 23) will also ensure that many trial 
protocol details are available, as the minimum trial charac‑
teristics included in an approved trial registration database 
includes several protocol items and results (www.who.int/
ictrp/en). Trial investigators may also be able to post their 
trial protocol on a website through their employer. Whatever 
mechanism is used, we encourage all trial investigators to 
make their protocol easily accessible to interested readers.

Item 25. Sources of funding and other support (such as supply of 
drugs), role of funders
Examples—“Grant support was received for the interven‑
tion from Plan International and for the research from 
the Wellcome Trust and Joint United Nations Programme 
on HIV/AIDS (UNAIDS). The funders had no role in study 
design, data collection and analysis, decision to publish, 
or preparation of the manuscript.”295

“This study was funded by GlaxoSmithKline Pharmaceu‑
ticals. GlaxoSmithKline was involved in the design and con‑
duct of the study and provided logistical support during the 
trial. Employees of the sponsor worked with the investigators 
to prepare the statistical analysis plan, but the analyses were 
performed by the University of Utah. The manuscript was 
prepared by Dr Shaddy and the steering committee mem‑
bers. GlaxoSmithKline was permitted to review the manu‑
script and suggest changes, but the final decision on content 
was exclusively retained by the authors.”296

Explanation—Authors should report the sources of 
funding for the trial, as this is important information for 
readers assessing a trial. Studies have showed that research 
sponsored by the pharmaceutical industry are more likely 
to produce results favouring the product made by the com‑
pany sponsoring the research than studies funded by other 
sources.297‑300 A systematic review of 30 studies on funding 
found that research funded by the pharmaceutical indus‑
try had four times the odds of having outcomes favouring 
the sponsor than research funded by other sources (odds 
ratio 4.05, 95% confidence interval 2.98 to 5.51).297 A 
large proportion of trial publications do not currently 
report sources of funding. The degree of underreporting 
is difficult to quantify. A survey of 370 drug trials found 
that 29% failed to report sources of funding.301 In another 
survey, of PubMed indexed randomised trials published in 
December 2000, source of funding was reported for 66% 
of the 519 trials.16

The level of involvement by a funder and their influence 
on the design, conduct, analysis, and reporting of a trial 
varies. It is therefore important that authors describe in 
detail the role of the funders. If the funder had no such 
involvement, the authors should state so. Similarly, authors 
should report any other sources of support, such as supply 
and preparation of drugs or equipment, or in the analysis 
of data and writing of the manuscript.302
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us know of their support. The ultimate benefactors of these 
collective efforts should be people who, for whatever rea‑
son, require intervention from the healthcare community.
We are grateful to Frank Davidoff and Tom Lang for their involvement in the 
2001 version of CONSORT explanation and elaboration document. A special 
thanks to Mary Ocampo, the Ottawa CONSORT coordinator, who helped 
deliver this explanation and elaboration paper and the CONSORT statement.  
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Towards minimum reporting standards for life scientists 
The “minimum standards” working group  1

 

Transparency in reporting benefits scientific communication on many levels. While specific needs and 
expectations vary across fields, the effective use of research findings relies on the availability of core 
information about research materials, data, and analysis. In December 2017, a working group of journal 
editors and experts in reproducibility convened to create the “minimum standards” working group. This 
working group aims to devise a set of minimum expectations that journals could ask their authors to meet, 
and will draw from the collective experience of journals implementing a range of different approaches 
designed to enhance reporting and reproducibility (e.g. ​STAR Methods​), existing life science checklists (e.g. 
the ​Nature Research reporting summary)​, and the results of recent meta-research studying the efficacy of 
such interventions (e.g. ​Macleod et al. 2017​; ​Han et al. 2017​). 

The working group will provide three key deliverables: 

● A “minimum standards” framework setting out minimum expectations across four core areas 
of materials (including data and code), design, analysis and reporting (MDAR) 

● A “minimum standards” checklist intended to operationalize the framework by serving as an 
implementation tool to aid authors in complying with journal policies, and editors and 
reviewers in assessing reporting and compliance with policies 

● An “elaboration” document or user guide providing context for the “minimum standards” 
framework and checklist 

 
While all three outputs are intended to provide tools to help journals, researchers and other stakeholders 
with adoption of the minimum standards framework, we do not intend to be prescriptive about the precise 
mechanism of implementation and we anticipate that in many cases they will be used as a yardstick within 
the context of an existing reporting system. Nevertheless, we hope these tools will provide a consolidated 
view to help raise reporting standards across the life sciences. 

The working group will pilot these deliverables with a small number of journals and ask them to use the 
checklist within the editorial review and author revision process. Authors and editors will be asked to 
qualitatively evaluate the utility of the checklist. We will also seek out qualitative feedback on the framework, 
checklist, and elaboration document from a small stakeholder group of researchers and experts in 
reproducibility and transparent reporting. Feedback from this process will be used to consider next steps, 
which might include revisions to the content of the checklist. Following this process, journals will be free to 
use the checklist in ways that support their workflows. 

The data and materials for this evaluation will be made available as the supplemental materials to this 
preprint after the initial pilot period, which is expected to end in September, 2019. Data will only be provided 
in aggregate form, that is, not parsed by individual article or journal, so as to respect the confidentiality of 
responses. 

An advantage of aligning on minimum standards is consistency in policies and expectations across journals, 
which is beneficial for authors as they prepare papers for publication and for reviewers as they assess them. 
We also hope that other major stakeholders engaged in the research cycle, including institutional review 
bodies and funders, will see the value of agreeing on this type of reporting standard as a minimum 
expectation, as broad-based endorsement from an early stage in the research life cycle would provide 
important support for overall adoption and implementation. 

1 Karen Chambers (Wiley; kchamber@wiley.com), Andy Collings (eLife; a.collings@elifesciences.org), Chris Graf 
(Wiley; cgraf@wiley.com), Veronique Kiermer (Public Library of Science; vkiermer@plos.org; first corresponding 
author), David Mellor (Center for Open Science; david@cos.io), Malcolm Macleod (University of Edinburgh; 
Malcolm.macleod@ed.ac.uk), Sowmya Swaminathan (Nature Research/Springer Nature; 
s.swaminathan@us.nature.com, second corresponding author), Deborah Sweet (Cell Press/Elsevier; 
dsweet@cell.com), Valda Vinson (Science/AAAS; vvinson@aaas.org) 
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Introduction

Systematic reviews and meta-analyses have become increasingly

important in health care. Clinicians read them to keep up to date

with their field [1,2], and they are often used as a starting point for

developing clinical practice guidelines. Granting agencies may

require a systematic review to ensure there is justification for

further research [3], and some health care journals are moving in

this direction [4]. As with all research, the value of a systematic

review depends on what was done, what was found, and the clarity

of reporting. As with other publications, the reporting quality of

systematic reviews varies, limiting readers’ ability to assess the

strengths and weaknesses of those reviews.

Several early studies evaluated the quality of review reports. In

1987, Mulrow examined 50 review articles published in four leading

medical journals in 1985 and 1986 and found that none met all eight

explicit scientific criteria, such as a quality assessment of included

studies [5]. In 1987, Sacks and colleagues [6] evaluated the adequacy

of reporting of 83 meta-analyses on 23 characteristics in six domains.

Reporting was generally poor; between one and 14 characteristics

were adequately reported (mean = 7.7; standard deviation = 2.7). A

1996 update of this study found little improvement [7].

In 1996, to address the suboptimal reporting of meta-analyses,

an international group developed a guidance called the

QUOROM Statement (QUality Of Reporting Of Meta-analyses),

which focused on the reporting of meta-analyses of randomized

controlled trials [8]. In this article, we summarize a revision of

these guidelines, renamed PRISMA (Preferred Reporting Items

for Systematic reviews and Meta-Analyses), which have been

updated to address several conceptual and practical advances in

the science of systematic reviews (Box 1).

Terminology

The terminology used to describe a systematic review and meta-

analysis has evolved over time. One reason for changing the name

from QUOROM to PRISMA was the desire to encompass both

systematic reviews and meta-analyses. We have adopted the

definitions used by the Cochrane Collaboration [9]. A systematic

review is a review of a clearly formulated question that uses

systematic and explicit methods to identify, select, and critically

appraise relevant research, and to collect and analyze data from

the studies that are included in the review. Statistical methods

(meta-analysis) may or may not be used to analyze and summarize

the results of the included studies. Meta-analysis refers to the use of

statistical techniques in a systematic review to integrate the results

of included studies.

Developing the PRISMA Statement

A three-day meeting was held in Ottawa, Canada, in June 2005

with 29 participants, including review authors, methodologists,

clinicians, medical editors, and a consumer. The objective of the

Ottawa meeting was to revise and expand the QUOROM

checklist and flow diagram, as needed.

The executive committee completed the following tasks, prior to

the meeting: a systematic review of studies examining the quality

of reporting of systematic reviews, and a comprehensive literature

search to identify methodological and other articles that might

inform the meeting, especially in relation to modifying checklist

items. An international survey of review authors, consumers, and

groups commissioning or using systematic reviews and meta-

analyses was completed, including the International Network of

Agencies for Health Technology Assessment (INAHTA) and the

Guidelines International Network (GIN). The survey aimed to

ascertain views of QUOROM, including the merits of the existing

checklist items. The results of these activities were presented

during the meeting and are summarized on the PRISMA Web site

(http://www.prisma-statement.org/).

Only items deemed essential were retained or added to the

checklist. Some additional items are nevertheless desirable, and

review authors should include these, if relevant [10]. For example,

it is useful to indicate whether the systematic review is an update

[11] of a previous review, and to describe any changes in

procedures from those described in the original protocol.
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Shortly after the meeting a draft of the PRISMA checklist was

circulated to the group, including those invited to the meeting but

unable to attend. A disposition file was created containing

comments and revisions from each respondent, and the checklist

was subsequently revised 11 times. The group approved the

checklist, flow diagram, and this summary paper.

Although no direct evidence was found to support retaining or

adding some items, evidence from other domains was believed to

be relevant. For example, Item 5 asks authors to provide

registration information about the systematic review, including a

registration number, if available. Although systematic review

registration is not yet widely available [12,13], the participating

journals of the International Committee of Medical Journal

Editors (ICMJE) [14] now require all clinical trials to be registered

in an effort to increase transparency and accountability [15].

Those aspects are also likely to benefit systematic reviewers,

possibly reducing the risk of an excessive number of reviews

addressing the same question [16,17] and providing greater

transparency when updating systematic reviews.

The PRISMA Statement

The PRISMA Statement consists of a 27-item checklist (Table 1;

see also Text S1 for a downloadable Word template for researchers

to re-use) and a four-phase flow diagram (Figure 1; see also Figure

S1 for a downloadable Word template for researchers to re-use).

The aim of the PRISMA Statement is to help authors improve the

reporting of systematic reviews and meta-analyses. We have focused

on randomized trials, but PRISMA can also be used as a basis for

reporting systematic reviews of other types of research, particularly

evaluations of interventions. PRISMA may also be useful for critical

appraisal of published systematic reviews. However, the PRISMA

checklist is not a quality assessment instrument to gauge the quality

of a systematic review.

From QUOROM to PRISMA

The new PRISMA checklist differs in several respects from the

QUOROM checklist, and the substantive specific changes are

highlighted in Table 2. Generally, the PRISMA checklist

‘‘decouples’’ several items present in the QUOROM checklist

and, where applicable, several checklist items are linked to

improve consistency across the systematic review report.

The flow diagram has also been modified. Before including

studies and providing reasons for excluding others, the review

team must first search the literature. This search results in records.

Once these records have been screened and eligibility criteria

applied, a smaller number of articles will remain. The number of

included articles might be smaller (or larger) than the number of

studies, because articles may report on multiple studies and results

from a particular study may be published in several articles. To

capture this information, the PRISMA flow diagram now requests

information on these phases of the review process.

Endorsement

The PRISMA Statement should replace the QUOROM State-

ment for those journals that have endorsed QUOROM. We hope

that other journals will support PRISMA; they can do so by registering

on the PRISMA Web site. To underscore to authors, and others, the

importance of transparent reporting of systematic reviews, we

encourage supporting journals to reference the PRISMA Statement

and include the PRISMA Web address in their Instructions to

Authors. We also invite editorial organizations to consider endorsing

PRISMA and encourage authors to adhere to its principles.

The PRISMA Explanation and Elaboration Paper

In addition to the PRISMA Statement, a supporting Explana-

tion and Elaboration document has been produced [18] following

the style used for other reporting guidelines [19–21]. The process

Box 1: Conceptual Issues in the Evolution from
QUOROM to PRISMA

Completing a Systematic Review Is an Iterative
Process The conduct of a systematic review depends
heavily on the scope and quality of included studies: thus
systematic reviewers may need to modify their original
review protocol during its conduct. Any systematic review
reporting guideline should recommend that such changes
can be reported and explained without suggesting that
they are inappropriate. The PRISMA Statement (Items 5, 11,
16, and 23) acknowledges this iterative process. Aside from
Cochrane reviews, all of which should have a protocol,
only about 10% of systematic reviewers report working
from a protocol [22]. Without a protocol that is publicly
accessible, it is difficult to judge between appropriate and
inappropriate modifications.

Conduct and Reporting Research Are Distinct
Concepts This distinction is, however, less
straightforward for systematic reviews than for
assessments of the reporting of an individual study,
because the reporting and conduct of systematic reviews
are, by nature, closely intertwined. For example, the failure
of a systematic review to report the assessment of the risk
of bias in included studies may be seen as a marker of poor
conduct, given the importance of this activity in the
systematic review process [37].

Study-Level Versus Outcome-Level Assessment of
Risk of Bias For studies included in a systematic review, a
thorough assessment of the risk of bias requires both a
‘‘study-level’’ assessment (e.g., adequacy of allocation
concealment) and, for some features, a newer approach
called ‘‘outcome-level’’ assessment. An outcome-level
assessment involves evaluating the reliability and validity
of the data for each important outcome by determining
the methods used to assess them in each individual study
[38]. The quality of evidence may differ across outcomes,
even within a study, such as between a primary efficacy
outcome, which is likely to be very carefully and
systematically measured, and the assessment of serious
harms [39], which may rely on spontaneous reports by
investigators. This information should be reported to allow
an explicit assessment of the extent to which an estimate
of effect is correct [38].

Importance of Reporting Biases Different types of
reporting biases may hamper the conduct and
interpretation of systematic reviews. Selective reporting
of complete studies (e.g., publication bias) [28] as well as
the more recently empirically demonstrated ‘‘outcome
reporting bias’’ within individual studies [40,41] should be
considered by authors when conducting a systematic
review and reporting its results. Though the implications of
these biases on the conduct and reporting of systematic
reviews themselves are unclear, some previous research
has identified that selective outcome reporting may occur
also in the context of systematic reviews [42].
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of completing this document included developing a large database

of exemplars to highlight how best to report each checklist item,

and identifying a comprehensive evidence base to support the

inclusion of each checklist item. The Explanation and Elaboration

document was completed after several face to face meetings and

numerous iterations among several meeting participants, after

which it was shared with the whole group for additional revisions

and final approval. Finally, the group formed a dissemination

subcommittee to help disseminate and implement PRISMA.

Discussion

The quality of reporting of systematic reviews is still not

optimal [22–27]. In a recent review of 300 systematic reviews,

few authors reported assessing possible publication bias [22],

even though there is overwhelming evidence both for its

existence [28] and its impact on the results of systematic

reviews [29]. Even when the possibility of publication bias is

assessed, there is no guarantee that systematic reviewers have

assessed or interpreted it appropriately [30]. Although the

absence of reporting such an assessment does not necessarily

indicate that it was not done, reporting an assessment of possible

publication bias is likely to be a marker of the thoroughness of

the conduct of the systematic review.

Several approaches have been developed to conduct systematic

reviews on a broader array of questions. For example, systematic

reviews are now conducted to investigate cost-effectiveness [31],

diagnostic [32] or prognostic questions [33], genetic associations

[34], and policy making [35]. The general concepts and topics

covered by PRISMA are all relevant to any systematic review, not

just those whose objective is to summarize the benefits and harms

of a health care intervention. However, some modifications of the

checklist items or flow diagram will be necessary in particular

circumstances. For example, assessing the risk of bias is a key

concept, but the items used to assess this in a diagnostic review are

likely to focus on issues such as the spectrum of patients and the

verification of disease status, which differ from reviews of

interventions. The flow diagram will also need adjustments when

reporting individual patient data meta-analysis [36].

We have developed an explanatory document [18] to increase

the usefulness of PRISMA. For each checklist item, this document

contains an example of good reporting, a rationale for its inclusion,

and supporting evidence, including references, whenever possible.

We believe this document will also serve as a useful resource for

those teaching systematic review methodology. We encourage

journals to include reference to the explanatory document in their

Instructions to Authors.

Like any evidence-based endeavor, PRISMA is a living

document. To this end we invite readers to comment on the

revised version, particularly the new checklist and flow diagram,

through the PRISMA Web site. We will use such information to

inform PRISMA’s continued development.

Figure 1. Flow of information through the different phases of a systematic review.
doi:10.1371/journal.pmed.1000097.g001
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Table 1. Checklist of items to include when reporting a systematic review or meta-analysis.

Section/Topic # Checklist Item

Reported on
Page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known.

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from investigators.

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of
consistency (e.g., I2) for each meta-analysis.

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done,
indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions
at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period)
and provide the citations.

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome-level assessment (see Item 12).

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group and (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their
relevance to key groups (e.g., health care providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review level (e.g., incomplete retrieval of
identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future
research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for
the systematic review.

doi:10.1371/journal.pmed.1000097.t001
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Supporting Information

Figure S1 Flow of information through the different
phases of a systematic review (downloadable template
document for researchers to re-use).

Found at: doi:10.1371/journal.pmed.1000097.s001 (0.08 MB

DOC)

Text S1 Checklist of items to include when reporting a
systematic review or meta-analysis (downloadable tem-
plate document for researchers to re-use).

Found at: doi:10.1371/journal.pmed.1000097.s002 (0.04 MB

DOC)
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Abstract ! ! QUOROM and PRISMA ask authors to report an abstract. However, PRISMA is not
specific about format.

Introduction Objective ! This new item (4) addresses the explicit question the review addresses using the PICO
reporting system (which describes the participants, interventions, comparisons, and
outcome(s) of the systematic review), together with the specification of the type of
study design (PICOS); the item is linked to Items 6, 11, and 18 of the checklist.

Methods Protocol ! This new item (5) asks authors to report whether the review has a protocol and if so
how it can be accessed.

Methods Search ! ! Although reporting the search is present in both QUOROM and PRISMA checklists,
PRISMA asks authors to provide a full description of at least one electronic search
strategy (Item 8). Without such information it is impossible to repeat the authors’
search.

Methods Assessment of
risk of bias in
included studies

! ! Renamed from ‘‘quality assessment’’ in QUOROM. This item (12) is linked with
reporting this information in the results (Item 19). The new concept of ‘‘outcome-
level’’ assessment has been introduced.

Methods Assessment of
risk of bias across
studies

! This new item (15) asks authors to describe any assessments of risk of bias in the
review, such as selective reporting within the included studies. This item is linked
with reporting this information in the results (Item 22).

Discussion ! ! Although both QUOROM and PRISMA checklists address the discussion section,
PRISMA devotes three items (24–26) to the discussion. In PRISMA the main types of
limitations are explicitly stated and their discussion required.

Funding ! This new item (27) asks authors to provide information on any sources of funding for
the systematic review.

doi:10.1371/journal.pmed.1000097.t002
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The protocol of a clinical trial serves as the foundation for study
planning, conduct, reporting, and appraisal. However, trial protocols
and existing protocol guidelines vary greatly in content and quality.
This article describes the systematic development and scope of
SPIRIT (Standard Protocol Items: Recommendations for Interven-
tional Trials) 2013, a guideline for the minimum content of a clinical
trial protocol.

The 33-item SPIRIT checklist applies to protocols for all clinical
trials and focuses on content rather than format. The checklist
recommends a full description of what is planned; it does not
prescribe how to design or conduct a trial. By providing guidance

for key content, the SPIRIT recommendations aim to facilitate the
drafting of high-quality protocols. Adherence to SPIRIT would also
enhance the transparency and completeness of trial protocols for
the benefit of investigators, trial participants, patients, sponsors,
funders, research ethics committees or institutional review boards,
peer reviewers, journals, trial registries, policymakers, regulators,
and other key stakeholders.

Ann Intern Med. 2013;158:200-207. www.annals.org
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The protocol of a clinical trial plays a key role in study
planning, conduct, interpretation, oversight, and exter-

nal review by detailing the plans from ethics approval to
dissemination of results. A well-written protocol facilitates
an appropriate assessment of scientific, ethical, and safety
issues before a trial begins; consistency and rigor of trial
conduct; and full appraisal of the conduct and results after
trial completion. The importance of protocols has been
emphasized by journal editors (1–6), peer reviewers (7–
10), researchers (11–15), and public advocates (16).

Despite the central role of protocols, a systematic re-
view revealed that existing guidelines for protocol content
vary greatly in their scope and recommendations, seldom
describe how the guidelines were developed, and rarely cite
broad stakeholder involvement or empirical evidence to
support their recommendations (17). These limitations
may partly explain why an opportunity exists to improve
the quality of protocols. Many protocols for randomized
trials do not adequately describe the primary outcomes (in-
adequate for 25% of trials) (18, 19), treatment allocation
methods (inadequate for 54% to 79%) (20, 21), use of
blinding (inadequate for 9% to 34%) (21, 22), methods
for reporting adverse events (inadequate for 41%) (23),
components of sample size calculations (inadequate for 4%
to 40%) (21, 24), data analysis plans (inadequate for 20%
to 77%) (21, 24–26), publication policies (inadequate for
7%) (27), and roles of sponsors and investigators in study
design or data access (inadequate for 89% to 100%) (28,
29). The problems that underlie these protocol deficiencies
may in turn lead to avoidable protocol amendments, poor
trial conduct, and inadequate reporting in trial publica-
tions (15, 30).

In response to these gaps in protocol content and
guidance, we launched the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) initia-

tive in 2007. This international project aims to improve
the completeness of trial protocols by producing evidence-
based recommendations for a minimum set of items to be
addressed in protocols. The SPIRIT 2013 Statement in-
cludes a 33-item checklist (Table 1) and diagram (Figure).
An associated explanatory paper (SPIRIT 2013 Explana-
tion and Elaboration) (31) details the rationale and sup-
porting evidence for each checklist item, along with guid-
ance and model examples from actual protocols.

DEVELOPMENT OF THE SPIRIT 2013 STATEMENT

The SPIRIT 2013 Statement was developed in broad
consultation with 115 key stakeholders, including trial in-
vestigators (n � 30); health care professionals (n � 31);
methodologists (n � 34); statisticians (n � 16); trial coor-
dinators (n � 14); journal editors (n � 15); and represen-
tatives from the research ethics community (n � 17), in-
dustry and nonindustry funders (n � 7), and regulatory
agencies (n � 3), whose roles are not mutually exclusive.
As detailed later, the SPIRIT guideline was developed
through 2 systematic reviews, a formal Delphi consensus
process, 2 face-to-face consensus meetings, and pilot-
testing (32).

The SPIRIT checklist evolved through several itera-
tions. The process began with a preliminary checklist of 59
items derived from a systematic review of existing protocol
guidelines (17). In 2007, 96 expert panelists from 17 low-
(n � 1), middle- (n � 6), and high-income (n � 10)
countries refined this initial checklist over 3 iterative Del-
phi consensus survey rounds by e-mail (33). Panelists rated
each item on a scale of 1 (not important) to 10 (very
important), suggested new items, and provided comments
that were circulated in subsequent rounds. Items with a
median score of 8 or higher in the final round were in-
cluded, whereas those rated 5 or lower were excluded.

Annals of Internal MedicineResearch and Reporting Methods

200 5 February 2013 Annals of Internal Medicine Volume 158 • Number 3 www.annals.org

Downloaded from https://annals.org by National Academies user on 09/13/2019

154



Table 1. SPIRIT 2013 Checklist: Recommended Items to Address in a Clinical Trial Protocol and Related Documents*

Section/Item Item
Number

Description

Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym
Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry.

2b All items from the World Health Organization Trial Registration Data Set (Appendix Table, available at
www.annals.org)

Protocol version 3 Date and version identifier
Funding 4 Sources and types of financial, material, and other support
Roles and responsibilities 5a Names, affiliations, and roles of protocol contributors

5b Name and contact information for the trial sponsor
5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and interpretation of data;

writing of the report; and the decision to submit the report for publication, including whether they will have ultimate
authority over any of these activities

5d Composition, roles, and responsibilities of the coordinating center, steering committee, end point adjudication
committee, data management team, and other individuals or groups overseeing the trial, if applicable (see item 21a
for DMC)

Introduction
Background and rationale 6a Description of research question and justification for undertaking the trial, including summary of relevant studies

(published and unpublished) examining benefits and harms for each intervention
6b Explanation for choice of comparators

Objectives 7 Specific objectives or hypotheses
Trial design 8 Description of trial design, including type of trial (e.g., parallel group, crossover, factorial, single group), allocation ratio,

and framework (e.g., superiority, equivalence, noninferiority, exploratory)

Methods
Participants, interventions,

and outcomes
Study setting 9 Description of study settings (e.g., community clinic, academic hospital) and list of countries where data will be

collected. Reference to where list of study sites can be obtained
Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centers and individuals who will

perform the interventions (e.g., surgeons, psychotherapists)
Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be

administered
11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (e.g., drug dose change in

response to harms, participant request, or improving/worsening disease)
11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence (e.g., drug

tablet return, laboratory tests)
11d Relevant concomitant care and interventions that are permitted or prohibited during the trial

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (e.g., systolic blood pressure),
analysis metric (e.g., change from baseline, final value, time to event), method of aggregation (e.g., median,
proportion), and time point for each outcome. Explanation of the clinical relevance of chosen efficacy and harm
outcomes is strongly recommended

Participant timeline 13 Time schedule of enrollment, interventions (including any run-ins and washouts), assessments, and visits for
participants. A schematic diagram is highly recommended (Figure).

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size calculations

Recruitment 15 Strategies for achieving adequate participant enrollment to reach target sample size
Assignment of

interventions (for
controlled trials)

Allocation
Sequence generation 16a Method of generating the allocation sequence (e.g., computer-generated random numbers), and list of any factors for

stratification. To reduce predictability of a random sequence, details of any planned restriction (e.g., blocking) should
be provided in a separate document that is unavailable to those who enroll participants or assign interventions.

Allocation
concealment
mechanism

16b Mechanism of implementing the allocation sequence (e.g., central telephone; sequentially numbered, opaque, sealed
envelopes), describing any steps to conceal the sequence until interventions are assigned

Implementation 16c Who will generate the allocation sequence, who will enroll participants, and who will assign participants to
interventions

Blinding (masking) 17a Who will be blinded after assignment to interventions (e.g., trial participants, care providers, outcome assessors, data
analysts), and how

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant’s allocated
intervention during the trial

Continued on following page

Research and Reporting MethodsSPIRIT 2013 Statement

www.annals.org 5 February 2013 Annals of Internal Medicine Volume 158 • Number 3 201

Downloaded from https://annals.org by National Academies user on 09/13/2019

155



Items rated between 5 and 8 were retained for further
discussion at the consensus meetings.

After the Delphi survey, 16 members of the SPIRIT
Group (named as authors of this paper) met in December
2007 in Ottawa, Ontario, Canada, and 14 members met in
September 2009 in Toronto, Ontario, Canada, to review
the survey results, discuss controversial items, and refine

the draft checklist. After each meeting, the revised checklist
was recirculated to the SPIRIT Group for additional
feedback.

A second systematic review identified empirical evi-
dence about the relevance of specific protocol items to trial
conduct or risk of bias. The results of this review informed
the decision to include or exclude items on the SPIRIT

Table 1—Continued

Section/Item Item
Number

Description

Data collection,
management, and
analysis

Data collection methods 18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related processes to
promote data quality (e.g., duplicate measurements, training of assessors) and a description of study instruments
(e.g., questionnaires, laboratory tests) along with their reliability and validity, if known. Reference to where data
collection forms can be found, if not in the protocol.

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be collected for
participants who discontinue or deviate from intervention protocols

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality (e.g., double
data entry; range checks for data values). Reference to where details of data management procedures can be found,
if not in the protocol.

Statistical methods 20a Statistical methods for analyzing primary and secondary outcomes. Reference to where other details of the statistical
analysis plan can be found, if not in the protocol.

20b Methods for any additional analyses (e.g., subgroup and adjusted analyses)
20c Definition of analysis population relating to protocol nonadherence (e.g., as-randomized analysis), and any statistical

methods to handle missing data (e.g., multiple imputation)
Monitoring

Data monitoring 21a Composition of DMC; summary of its role and reporting structure; statement of whether it is independent from the
sponsor and competing interests; and reference to where further details about its charter can be found, if not in the
protocol. Alternatively, an explanation of why a DMC is not needed.

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim results and
make the final decision to terminate the trial

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events and other
unintended effects of trial interventions or trial conduct

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent from
investigators and the sponsor

Ethics and dissemination
Research ethics approval 24 Plans for seeking REC/IRB approval
Protocol amendments 25 Plans for communicating important protocol modifications (e.g., changes to eligibility criteria, outcomes, analyses) to

relevant parties (e.g., investigators, RECs/IRBs, trial participants, trial registries, journals, regulators)
Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorized surrogates, and how (see

item 32)
26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary studies, if

applicable
Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained in order

to protect confidentiality before, during, and after the trial
Declaration of interests 28 Financial and other competing interests for principal investigators for the overall trial and each study site
Access to data 29 Statement of who will have access to the final trial data set, and disclosure of contractual agreements that limit such

access for investigators
Ancillary and post-trial

care
30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial

participation
Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, health care professionals, the public,

and other relevant groups (e.g., via publication, reporting in results databases, or other data-sharing arrangements),
including any publication restrictions

31b Authorship eligibility guidelines and any intended use of professional writers
31c Plans, if any, for granting public access to the full protocol, participant-level data set, and statistical code

Appendices
Informed consent

materials
32 Model consent form and other related documentation given to participants and authorized surrogates

Biological specimens 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in the
current trial and for future use in ancillary studies, if applicable

DMC � data monitoring committee; IRB � institutional review board; REC � research ethics committee; SPIRIT � Standard Protocol Items: Recommendations for
Interventional Trials.
* It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation and Elaboration (31) for important clarification on the items.
Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group and is reproduced with permission.
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checklist. This review also provided the evidence base of
studies cited in the SPIRIT 2013 Explanation and Elabo-
ration paper (31). Some items had little or no identified
empirical evidence (for example, the title) and are included
in the checklist on the basis of a strong pragmatic or ethical
rationale.

Finally, we pilot-tested the draft checklist in 2010 and
2011 with University of Toronto graduate students who
used the document to develop trial protocols as part of a
master’s-level course on clinical trial methods. Their feed-
back on the content, format, and usefulness of the checklist
was obtained through an anonymous survey and incorpo-
rated into the final SPIRIT checklist.

DEFINITION OF A CLINICAL TRIAL PROTOCOL

Although every study requires a protocol, the precise
definition of a protocol varies among individual investiga-
tors, sponsors, and other stakeholders. For the SPIRIT ini-
tiative, the protocol is defined as a document that provides
sufficient detail to enable understanding of the back-
ground, rationale, objectives, study population, interven-
tions, methods, statistical analyses, ethical considerations,
dissemination plans, and administration of the trial; repli-
cation of key aspects of trial methods and conduct; and
appraisal of the trial’s scientific and ethical rigor from eth-
ics approval to dissemination of results.

The protocol is more than a list of items. It should be
a cohesive document that provides appropriate context and
narrative to fully understand the elements of the trial. For
example, the description of a complex intervention may
need to include training materials and figures to enable
replication by persons with appropriate expertise.

The full protocol must be submitted for approval by
an institutional review board (IRB) or research ethics com-
mittee (34). It is recommended that trial investigators or
sponsors address the SPIRIT checklist items in the proto-
col before submission. If the details for certain items have
not yet been finalized, then this should be stated in the
protocol and the items updated as they evolve.

The protocol is a “living” document that is often mod-
ified during the trial. A transparent audit trail with dates of
important changes in trial design and conduct is an essen-
tial part of the scientific record. Trial investigators and
sponsors are expected to adhere to the protocol as approved
by the IRB and to document amendments made in the
most recent protocol version. Important protocol amend-
ments should be reported to IRBs and trial registries as
they occur and subsequently be described in trial reports.

SCOPE OF THE SPIRIT 2013 STATEMENT

The SPIRIT 2013 Statement applies to the content of
a clinical trial protocol, including its appendices. A clinical
trial is a prospective study in which 1 or more interven-
tions are assigned to human participants to assess the ef-
fects on health-related outcomes. The primary scope of

SPIRIT 2013 relates to randomized trials, but the same
considerations substantially apply to all types of clinical
trials, regardless of study design, intervention, or topic.

The SPIRIT 2013 Statement provides guidance for
minimum protocol content. Certain circumstances may
warrant additional protocol items. For example, a factorial
study design may require specific justification; crossover
trials have unique statistical considerations, such as carry-
over effects; and industry-sponsored trials may have addi-
tional regulatory requirements.

Figure. Example template of recommended content for the
schedule of enrollment, interventions, and assessments.

Study Period

Enrollment Allocation Postallocation Closeout

–t1 0 t3t1 t2 t4 etc. txTime point*

Enrollment:

Eligibility screen

Informed consent

[List other
procedures]

Allocation

X

X

X

X

X

X

X X

X

X X X X etc. X

X Xetc.

Interventions:

[Intervention A]

[Intervention B]

Assessments:

[List other
study groups]

[List baseline
variables]

[List outcome
variables]

[List other
data variables]

Recommended content can be displayed using various schematic for-
mats. See SPIRIT 2013 Explanation and Elaboration (31) for examples.
This template is copyrighted by the SPIRIT Group and is reproduced
with permission. SPIRIT � Standard Protocol Items: Recommendations
for Interventional Trials.
* List specific time points in this row.
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The protocol and its appendices are often the sole re-
pository of detailed information relevant to every SPIRIT
checklist item. Using existing trial protocols, we have been
able to identify model examples of every item (31), which
illustrates the feasibility of addressing all checklist items in
a single protocol document. For some trials, relevant de-
tails may appear in related documents, such as statistical
analysis plans, case record forms, operations manuals, or
investigator contracts (35, 36). In these instances, the pro-
tocol should outline the key principles and refer to the
separate documents so that their existence is known.

The SPIRIT 2013 Statement primarily relates to the
content of the protocol rather than its format, which is
often subject to local regulations, traditions, or standard
operating procedures. Nevertheless, adherence to certain
formatting conventions, such as a table of contents; section
headings; glossary; list of abbreviations; list of references;
and a schematic schedule of enrollment, interventions, and
assessments, will facilitate protocol review (Figure).

Finally, the intent of SPIRIT 2013 is to promote
transparency and a full description of what is planned—
not to prescribe how a trial should be designed or con-
ducted. The checklist should not be used to judge trial
quality, because the protocol of a poorly designed trial may
address all checklist items by fully describing its inadequate
design features. Nevertheless, the use of SPIRIT 2013 may
improve the validity and success of trials by reminding
investigators about important issues to consider during the
planning stages.

RELATION TO EXISTING CLINICAL TRIAL GUIDANCE

With its systematic development process, consultation
with international stakeholders, and explanatory paper cit-
ing relevant empirical evidence (31), SPIRIT 2013 builds
on other international guidance applicable to clinical trial
protocols. It adheres to the ethical principles mandated by
the 2008 Declaration of Helsinki, particularly the require-
ment that the protocol address specific ethical consider-
ations, such as competing interests (34).

In addition, SPIRIT 2013 encompasses the protocol
items recommended by the International Conference on
Harmonisation Good Clinical Practice E6 guidance, writ-
ten in 1996 for clinical trials whose data are intended for
submission to regulatory authorities (37). The SPIRIT
Statement builds on the Good Clinical Practice guidance
by providing additional recommendations on specific key
protocol items (for example, allocation concealment, trial
registration, and consent processes). In contrast to SPIRIT,
the Good Clinical Practice guidance used informal consen-
sus methods, has unclear contributorship, and lacks cita-
tion of supporting empirical evidence (38).

The SPIRIT 2013 Statement also supports trial regis-
tration requirements from the World Health Organization
(39), the International Committee of Medical Journal Ed-
itors (40), legislation pertaining to ClinicalTrials.gov (41),

the European Commission (42), and others. For example,
item 2b of the SPIRIT checklist recommends that the pro-
tocol list the World Health Organization Trial Registra-
tion Data Set (Appendix Table, available at www.annals
.org), which is the minimum amount of information that
the International Committee of Medical Journal Editors
mandates for trial registries. Having this data set in its own
protocol section is intended not only to serve as a form of
trial summary but also to help improve the quality of in-
formation in registry entries. Registration-specific data
could be easily identified in the protocol section and cop-
ied into the registry fields. In addition, protocol amend-
ments applicable to this section could prompt investigators
to update their registry data.

The SPIRIT 2013 Statement mirrors applicable items
from CONSORT 2010 (Consolidated Standards of Re-
porting Trials) (43). Consistent wording and structure
used for items common to both checklists will facilitate the
transition from a SPIRIT-based protocol to a final report
based on CONSORT. The SPIRIT Group has also en-
gaged leaders of other initiatives relevant to protocol stan-
dards, such as trial registries, the Clinical Data Interchange
Standards Consortium Protocol Representation Group,
and Pragmatic Randomized Controlled Trials in Health-
Care, to align international efforts in promoting transpar-
ency and high-quality protocol content.

POTENTIAL EFFECT

An extensive range of stakeholders could benefit from
widespread use of the SPIRIT 2013 Statement and its ex-
planatory paper (Table 2). Pilot-testing and informal feed-
back have shown that it is particularly valuable for trial
investigators when they draft their protocols. It can also
serve as an informational resource for new investigators,
peer reviewers, and IRB members.

There is also potential benefit for trial implementa-
tion. The excessive delay from the time of protocol devel-
opment to ethics approval and the start of participant re-
cruitment remains a major concern for clinical trials (44).
Improved completeness of protocols could help increase
the efficiency of protocol review by reducing avoidable
queries to investigators about incomplete or unclear infor-
mation. With full documentation of key information and
increased awareness of important considerations before the
trial begins, the use of SPIRIT may also help to reduce the
number and burden of subsequent protocol amendments—
many of which can be avoided with careful protocol draft-
ing and development (15). Widespread adoption of
SPIRIT 2013 as a single standard by IRBs, funding agen-
cies, regulatory agencies, and journals could simplify the
work of trial investigators and sponsors, who could fulfill
the common application requirements of multiple stake-
holders with a single SPIRIT-based protocol. Better proto-
cols would also help trial personnel to implement the study
as the protocol authors intended.
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Furthermore, adherence to SPIRIT 2013 could help
ensure that protocols contain the requisite information for
critical appraisal and trial interpretation. High-quality pro-
tocols can provide important information about trial meth-
ods and conduct that is not available from journals or trial
registries (45–47). As a transparent record of the research-
ers’ original intent, comparisons of protocols with final
trial reports can help to identify selective reporting of re-
sults and undisclosed amendments (48), such as changes to
primary outcomes (19, 49). However, clinical trial proto-
cols are not generally accessible to the public (45). The
SPIRIT 2013 Statement will have a greater effect when
protocols are publicly available to facilitate full evaluation
of trial validity and applicability (11, 12, 14, 50).

The SPIRIT 2013 guideline needs the support of key
stakeholders to achieve its greatest impact (Table 2), as
seen with widely adopted reporting guidelines, such as
CONSORT (51). We will post the names of organizations
that have endorsed SPIRIT 2013 on the SPIRIT Web site
(www.spirit-statement.org) and provide resources to facili-
tate implementation. Widespread adoption of the SPIRIT
recommendations can help improve protocol drafting, con-
tent, and implementation; facilitate registration, efficiency,
and appraisal of trials; and ultimately enhance transparency
for the benefit of patient care.
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Table 2. Potential Benefits and Proposed Stakeholder Actions for Supporting Adherence to SPIRIT 2013

Stakeholder Proposed Actions Potential Benefits

Clinical trial groups, investigators,
sponsors

Adopt SPIRIT as standard guidance Improved quality, completeness, and consistency of protocol content
Use as tool for writing protocols Enhanced understanding of rationale and issues to consider for key

protocol items
Increased efficiency of protocol review

Research ethics
committees/institutional review
boards, funding agencies,
regulatory agencies

Mandate or encourage adherence to SPIRIT for
submitted protocols

Improved quality, completeness, and consistency of protocol
submissions

Use as training tool Increased efficiency of review and reduction in queries about
protocol requirements

Educators Use SPIRIT checklist and explanatory paper as a
training tool

Enhanced understanding of the rationale and issues to consider for
key protocol items

Patients, trial participants,
policymakers

Advocate use of SPIRIT by trial investigators and
sponsors

Improved protocol content relevant to transparency, accountability,
critical appraisal, and oversight

Trial registries Encourage SPIRIT-based protocols Improved quality of registry records
Register full protocols to accompany results disclosure Prompt for trialists to update registry record when SPIRIT checklist

item 2b (Registration Data Set) is updated
Improved quality, completeness, and consistency of protocol content

for registries that house full protocols and results
Journal editors and publishers Endorse SPIRIT as standard guidance for published and

unpublished protocols
Improved quality, completeness, and consistency of protocol

content
Include reference to SPIRIT in instructions for authors
Ask that protocols be submitted with manuscripts,

circulate them to peer reviewers, and encourage
authors to make them available as Web appendices

Enhanced peer review of trial manuscripts through improved
protocol content, which can be used to assess protocol adherence
and selective reporting

Improved transparency and interpretation of trials by readers

SPIRIT � Standard Protocol Items: Recommendations for Interventional Trials.
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Schulz.
Critical revision of the article for important intellectual content: A.-W.
Chan, J.M. Tetzlaff, D.G. Altman, A. Laupacis, K. Krleža-Jerić, A.
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Appendix Table. World Health Organization Trial Registration Data Set*

Item Description

1. Primary registry and
trial-identifying number

Name of primary registry and the unique identifier assigned by the primary registry

2. Date of registration in primary
registry

Date when the trial was officially registered in the primary registry

3. Secondary identifying numbers Other identifiers, if any
Universal Trial Number
Identifiers assigned by the sponsor
Other trial registration numbers issued by other registries
Identifiers issued by funding bodies, collaborative research groups, regulatory authorities, ethics committees/

institutional review boards, etc.
4. Sources of monetary or

material support
Major sources of monetary or material support for the trial (e.g., funding agency, foundation, company, institution)

5. Primary sponsor Person, organization, group, or other legal entity that takes responsibility for initiating and managing a study
6. Secondary sponsor(s) Additional persons, organizations, or other legal persons, if any, who have agreed with the primary sponsor to take on

responsibilities of sponsorship
7. Contact for public queries E-mail address, telephone number, and postal address of the contact who will respond to general queries, including

information about current recruitment status
8. Contact for scientific queries Name and title, e-mail address, telephone number, postal address, and affiliation of the principal investigator and e-mail

address, telephone number, postal address, and affiliation of the contact for scientific queries about the trial (if
applicable)

9. Public title Title intended for the lay public in easily understood language
10. Scientific title Scientific title of the study as it appears in the protocol submitted for funding and ethical review; include trial acronym,

if available
11. Countries of recruitment Countries from which participants will be recruited
12. Health condition(s) or

problem(s) studied
Primary health condition(s) or problem(s) studied (e.g., depression, breast cancer, medication error)

13. Intervention(s) For each group of the trial, record a brief intervention name plus an intervention description
Intervention name: For drugs, use the generic name; for other types of interventions, provide a brief descriptive name
Intervention description: Must be sufficiently detailed for it to be possible to distinguish between the groups of a study;

for example, interventions involving drugs may include dosage form, dosage, frequency, and duration
14. Key inclusion and exclusion

criteria
Inclusion and exclusion criteria for participant selection, including age and sex

15. Study type Method of allocation (randomized/nonrandomized)
Blinding/masking (identify who is blinded)
Assignment (e.g., single group, parallel, crossover, factorial)
Purpose
Phase (if applicable)
For randomized trials: Method of sequence generation and allocation concealment

16. Date of first enrollment Anticipated or actual date of enrollment of the first participant
17. Target sample size Total number of participants to enroll
18. Recruitment status Pending: Participants are not yet being recruited or enrolled at any site

Recruiting
Suspended: Temporary halt in recruitment and enrollment
Complete: Participants are no longer being recruited or enrolled
Other

19. Primary outcome(s) The primary outcome should be the outcome used in sample size calculations or the main outcome used to determine
the effects of the intervention

For each primary outcome provide:
Name of the outcome (do not use abbreviations)
Metric or method of measurement used (be as specific as possible)
Time point of primary interest

20. Key secondary outcome(s) As for primary outcomes, for each secondary outcome provide:
Name of the outcome (do not use abbreviations)
Metric or method of measurement used (be as specific as possible)
Time point of interest

* Adapted from www.who.int/ictrp/network/trds/en/index.html.
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 High quality protocols facilitate proper 
conduct, reporting, and external review of 
clinical trials. However, the completeness 
of trial protocols is often inadequate. To 
help improve the content and quality 
of protocols, an international group of 
stakeholders developed the SPIRIT 2013 
Statement (Standard Protocol Items: 
Recommendations for Interventional Trials). 
The SPIRIT Statement provides guidance 
in the form of a checklist of recommended 
items to include in a clinical trial protocol.
 This SPIRIT 2013 Explanation and 
Elaboration paper provides important 
information to promote full understanding 
of the checklist recommendations. For each 
checklist item, we provide a rationale and 
detailed description; a model example from 
an actual protocol; and relevant references 
supporting its importance. We strongly 
recommend that this explanatory paper 
be used in conjunction with the SPIRIT 
Statement. A website of resources is also 
available (www.spirit-statement.org).
 The SPIRIT 2013 Explanation and 
Elaboration paper, together with the 
Statement, should help with the drafting of 
trial protocols. Complete documentation 
of key trial elements can facilitate 
transparency and protocol review for the 
benefit of all stakeholders.
Every clinical trial should be based on a protocol—a docu-

ment that details the study rationale, proposed methods, 

organisation, and ethical considerations. 1  Trial investiga-

tors and sta"  use protocols to document plans for study 

conduct at all stages from participant recruitment to results 

dissemination. Funding agencies, research ethics com-

mittees/institutional review boards, regulatory agencies, 

medical journals, systematic reviewers, and other groups 

rely on protocols to appraise the conduct and reporting of 

clinical trials. 

 To meet the needs of these diverse stakeholders, pro-

tocols should adequately address key trial elements. 

However, protocols o# en lack information on important 

concepts relating to study design and dissemination 

plans. 2  -  12  Guidelines for writing protocols can help improve 

their completeness, but existing guidelines vary exten-

sively in their content and have limitations, including non-

systematic methods of development, limited stakeholder 

involvement, and lack of citation of empirical evidence to 

support their recommendations. 13  As a result, there is also 

variation in the precise de& nition and scope of a trial proto-

col, particularly in terms of its relation to other documents 

such as procedure manuals. 14  

 Given the importance of trial protocols, an international 

group of stakeholders launched the SPIRIT (Standard Pro-

tocol Items: Recommendations for Interventional Trials) 

Initiative in 2007 with the primary aim of improving the 

content of trial protocols. The main outputs are the SPIRIT 

2013 Statement, 14  consisting of a 33 item checklist of mini-

mum recommended protocol items (table 1) plus a diagram 

(& g1); and this accompanying Explanation and Elaboration 

(E&E) paper. Additional information and resources are also 

available on the SPIRIT website ( www.spirit-statement.org ).   

 The SPIRIT 2013 Statement and E&E paper re1 ect the 

collaboration and input of 115 contributors, including 

trial investigators, healthcare professionals, methodolo-

gists, statisticians, trial coordinators, journal editors, as 

well as representatives from research ethics committees, 

industry and non-industry funders, and regulatory agen-

cies. Details of the scope and methods have been published 

elsewhere. 13  -  15  Brie1 y, three complementary methods were 

speci& ed beforehand ,  in line with current recommenda-

tions for development of reporting guidelines 16 : 1) a Delphi 

consensus survey 15 ; 2) two systematic reviews to identify 

existing protocol guidelines and empirical evidence sup-

porting the importance of speci& c checklist items; and 3) 

two face-to-face consensus meetings to & nalise the SPIRIT 

2013 checklist. Furthermore, the checklist was pilot tested 

by graduate course students, and an implementation strat-

egy was developed at a stakeholder meeting. 

 The SPIRIT recommendations are intended as a guide 

for those preparing the full protocol for a clinical trial. 

A clinical trial is a prospective study in which one or more 

 SPIRIT 2013 explanation and elaboration: 
guidance for protocols of clinical trials 
   An-Wen   Chan  , 1    Jennifer M   Tetzlaff  , 2    Peter C   Gøtzsche  , 3    Douglas G   Altman  , 4  

  Howard   Mann  , 5    Jesse A   Berlin  , 6    Kay   Dickersin  , 7    Asbjørn   Hróbjartsson  , 3    

Kenneth F   Schulz  , 8    Wendy R   Parulekar  , 9    Karmela   Krleža-Jeric  , 10    

Andreas   Laupacis  , 11    David   Moher   2 10  
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i nt erventions are assigned to human participants in order 

to assess the e" ects on health related outcomes. The recom-

mendations are not intended to prescribe how a trial should 

be designed or conducted. Rather, we call for a transparent 

and complete description of what is intended, regardless 

of the characteristics or quality of the plans. The SPIRIT 

2013 Statement addresses the minimum content for inter-

ventional trials; additional concepts may be important to 

describe in protocols for trials of speci& c designs (eg, crosso-

ver trials) or in protocols intended for submission to speci& c 

groups (eg, funders, research ethics committees/institu-

tional review boards). If information for a recommended 

item is not yet available when the protocol is being & nalised 

(eg, funding sources), this should be explicitly stated and 

the protocol updated as new information is obtained. For-

matting conventions such as a table of contents, glossary of 

non-standard or ambiguous terms (eg, randomisation phase 

or o" -protocol), and list of abbreviations and references will 

facilitate understanding of the protocol. 

 Purpose and development of explanation and elaboration 

paper 

 Modelled a# er other reporting guidelines, 17    18  this E&E paper 

presents each checklist item with at least one model example 

from an actual protocol, followed by a full explanation of the 

rationale and main issues to address. This E&E paper pro-

vides important information to facilitate full understanding 

of each checklist item, and is intended to be used in conjunc-

tion with the SPIRIT 2013 Statement. 14  These complemen-

tary tools serve to inform trial investigators about important 

issues to consider in the protocol as they relate to trial design, 

conduct, reporting, and organisation. 

 To identify examples for each checklist item, we obtained 

protocols from public websites, journals, trial investigators, 

and industry sponsors. Model examples were selected to 

re1 ect how key elements could be appropriately described 

in a trial protocol. Some examples illustrate a speci& c com-

ponent of a checklist item, while others encompass all key 

recommendations for an item. Additional examples are also 

available on the SPIRIT website ( www.spirit-statement.org ). 

The availability of examples for all checklist items indicates 

the feasibility of addressing each recommended item in the 

main protocol rather than in separate documents. 

 Examples are quoted verbatim from the trial protocol. 

Proper names of trial personnel have been abbreviated with 

italicised initials, and any reference numbers cited in the 

original quoted text are denoted by [ Reference ] to distinguish 

them from references cited in this E&E paper. 

 For each checklist item we also strived to provide refer-

ences to empirical data supporting its relevance, which we 

identi& ed through a systematic review conducted to inform 

the content of the SPIRIT checklist. We searched MEDLINE, 

the Cochrane Methodology Register, and the Cochrane Data-

base of Systematic Reviews (limited to methodology reviews) 

up to September 2009, and EMBASE up to August 2007. We 

searched reference lists, PubMed “related articles,” and cita-

tion searches using SCOPUS to identify additional relevant 

studies. We used piloted forms to screen and extract data 

relevant to speci& c checklist items. 

 Studies were included if they provided empirical data to 

support or refute the importance of a given protocol concept. 

A summary of the relevant methodological articles was pro-

vided to each E&E author for use in preparing the initial dra#  

text for up to six checklist items; each dra#  was also reviewed 

and revised by a second author. When citing empirical evi-

dence in the E&E, we aimed to reference a systematic review 

when available. When no review was identi& ed, we either 

cited all relevant individual studies, or if too numerous, a 

representative sample of the literature. Some items had little 

or no identi& ed empirical evidence (eg, title) but their inclu-

sion in the checklist is supported by a strong pragmatic or 

ethical rationale. Where relevant, we also provide references 

to non-empirical publications for further reading. 

 Two lead authors (AWC, JMT) collated and re& ned the 

content and format for all items, and then circulated three 

iterations of an overall dra#  to the coauthors for editing and 

& nal approval. 

 SPIRIT 2013 Explanation and Elaboration 

 Section 1: Administrative information 

 Item 1: Descriptive title identifying the study design, 

population, interventions, and, if applicable, trial acronym   

 Explanation 

 The title provides an important means of trial identi& ca-

tion. A succinct description that conveys the topic (study 

population, interventions), acronym (if any), and basic 

study design—including the method of intervention allo-

cation (eg, parallel group randomised trial; single-group 

trial)—will facilitate retrieval from literature or internet 

TIMEPOINT*

STUDY PERIOD

* List speci�c timepoints in this row

Enrolment Allocation Post-allocation Close-out

-t
1

0 t
1

t
2

t
3

t
4

etc tx

ENROLMENT:

Eligibility screen

Informed consent

(List other procedures)

Allocation

INTERVENTIONS:

(Intervention A)

(Intervention B)

(List other study groups)

ASSESSMENTS:

(List baseline variables)

(List outcome variables)

(List other data variables)

X

X

X

X

X

X

etc

etc

X

X

X

X

X

X

X

X

X

X

Fig 1 |  Example template for the schedule of enrolment, interventions, and assessments 

(recommended content can be displayed using other schematic formats). This template is 

copyrighted by the SPIRIT Group and is reproduced by BMJ with their permission.

 Example 

 “A multi-center, investigator-blinded, randomized, 12-month, 
parallel-group, non-inferiority study to compare the efficacy of 1.6 
to 2.4 g Asacol® Therapy QD [once daily] versus divided dose (BID 
[twice daily]) in the maintenance of remission of ulcerative colitis.” 19  
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 Table 1 |  SPIRIT 2013 checklist: recommended items to address in a clinical trial protocol and related documents* 

Section/item ItemNo Description

Administrative information

Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym

Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry

2b All items from the World Health Organization Trial Registration Data Set

Protocol version 3 Date and version identifier

Funding 4 Sources and types of financial, material, and other support

Roles and responsibilities 5a Names, affiliations, and roles of protocol contributors

5b Name and contact information for the trial sponsor

5c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and interpretation of data; writing of the report; and the decision to 
submit the report for publication, including whether they will have ultimate authority over any of these activities

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint adjudication committee, data management team, and other 
individuals or groups overseeing the trial, if applicable (see Item 21a for data monitoring committee)

Introduction

Background and rationale 6a Description of research question and justification for undertaking the trial, including summary of relevant studies (published and unpublished) examining 
benefits and harms for each intervention

6b Explanation for choice of comparators

Objectives 7 Specific objectives or hypotheses

Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), allocation ratio, and framework (eg, superiority, 
equivalence, noninferiority, exploratory)

Methods: Participants, interventions, and outcomes

Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where data will be collected. Reference to where list of study sites 
can be obtained

Eligibility criteria 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and individuals who will perform the interventions (eg, 
surgeons, psychotherapists)

Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they will be administered

11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose change in response to harms, participant request, or 
improving/worsening disease)

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence (eg, drug tablet return, laboratory tests)

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial

Outcomes 12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood pressure), analysis metric (eg, change from baseline, 
final value, time to event), method of aggregation (eg, median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen 
efficacy and harm outcomes is strongly recommended

Participant timeline 13 Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for participants. A schematic diagram is highly 
recommended (see fig 1)

Sample size 14 Estimated number of participants needed to achieve study objectives and how it was determined, including clinical and statistical assumptions supporting any 
sample size calculations

Recruitment 15 Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence generation 16a Method of generating the allocation sequence (eg, computer-generated random numbers), and list of any factors for stratification. To reduce predictability 
of a random sequence, details of any planned restriction (eg, blocking) should be provided in a separate document that is unavailable to those who enrol 
participants or assign interventions

Allocation concealment 
mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, opaque, sealed envelopes), describing any steps to 
conceal the sequence until interventions are assigned

Implementation 16c Who will generate the allocation sequence, who will enrol participants, and who will assign participants to interventions

Blinding (masking) 17a Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome assessors, data analysts) and how

17b If blinded, circumstances under which unblinding is permissible and procedure for revealing a participant’s allocated intervention during the trial

Methods: Data collection, management, and analysis

Data collection methods 18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related processes to promote data quality (eg, duplicate 
measurements, training of assessors) and a description of study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if 
known. Reference to where data collection forms can be found, if not in the protocol

18b Plans to promote participant retention and complete follow-up, including list of any outcome data to be collected for participants who discontinue or deviate 
from intervention protocols

Data management 19 Plans for data entry, coding, security, and storage, including any related processes to promote data quality (eg, double data entry; range checks for data values). 
Reference to where details of data management procedures can be found, if not in the protocol

Statistical methods 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the statistical analysis plan can be found, if not in the 
protocol

20b Methods for any additional analyses (eg, subgroup and adjusted analyses)

20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any statistical methods to handle missing data (eg, 
multiple imputation)

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of whether it is independent from the sponsor and 
competing interests; and reference to where further details about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is 
not needed

Contined
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searches and rapid judgment of relevance. 20  It can also 

be helpful to include the trial framework (eg, superiority, 

non-inferiority), study objective or primary outcome, and 

if relevant, the study phase (eg, phase II). 

 Trial registration—registry 

 Item 2a: Trial identifier and registry name. If not yet 

registered, name of intended registry   

 Explanation 

 There are compelling ethical and scienti& c reasons for trial 

registration. 22  -  24  Documentation of a trial’s existence on a 

publicly accessible registry can help to increase transpar-

ency, 24    25  decrease unnecessary duplication of research 

e" ort, facilitate identi& cation of ongoing trials for prospec-

tive participants, and identify selective reporting of study 

results. 26  -  28  As mandated by the International Committee of 

Medical Journal Editors (ICMJE) and jurisdictional legisla-

tion, 29  -  31  registration of clinical trials should occur before 

recruitment of the & rst trial participant. 

 We recommend that registry names and trial identifiers 

assigned by the registries be prominently placed in the proto-

col, such as on the cover page. If the trial is not yet registered, 

the intended registry should be indicated and the protocol 

updated upon registration. When registration in multiple reg-

istries is required (eg, to meet local regulation), each identi-

& er should be clearly listed in the protocol and each registry. 

 Trial registration—data set 

 Item 2b: All items from the World Health Organization 

Trial Registration Data Set 

  Example: see table 2    

 Explanation 

 In addition to a trial registration number, the World Health 

Organization (WHO) recommends a minimum standard 

list of items to be included in a trial registry in order for a 

trial to be considered fully registered ( www.who.int/ictrp/

network/trds/en/index.html ). These standards are sup-

ported by ICMJE, other journal editors, and jurisdictional 

legislation. 29  -  31  We recommend that the WHO Trial Registra-

tion Data Set be included in the protocol to serve as a brief 

structured summary of the trial. Its inclusion in the protocol 

can also signal updates for the registry when associated 

protocol sections are amended—thereby promoting con-

sistency between information in the protocol and registry. 

 Protocol version 

 Item 3: Date and version identifier   

 Explanation 

 Sequentially labelling and dating each protocol version 

helps to mitigate potential confusion over which d ocument 

Section/item ItemNo Description

21b Description of any interim analyses and stopping guidelines, including who will have access to these interim results and make the final decision to terminate 
the trial

Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events and other unintended effects of trial 
interventions or trial conduct

Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent from investigators and the sponsor

Ethics and dissemination

Research ethics approval 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Protocol amendments 25 Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, analyses) to relevant parties (eg, investigators, REC/
IRBs, trial participants, trial registries, journals, regulators)

Consent or assent 26a Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and how (see Item 32)

26b Additional consent provisions for collection and use of participant data and biological specimens in ancillary studies, if applicable

Confidentiality 27 How personal information about potential and enrolled participants will be collected, shared, and maintained in order to protect confidentiality before, during, 
and after the trial

Declaration of interests 28 Financial and other competing interests for principal investigators for the overall trial and each study site

Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that limit such access for investigators

Ancillary and post-trial care 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial participation

Dissemination policy 31a Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, the public, and other relevant groups (eg, via 
publication, reporting in results databases, or other data sharing arrangements), including any publication restrictions

31b Authorship eligibility guidelines and any intended use of professional writers

31c Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical code

Appendices

Informed consent materials 32 Model consent form and other related documentation given to participants and authorised surrogates

Biological specimens 33 Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in the current trial and for future use in ancillary 
studies, if applicable

*Amendments to the protocol should be tracked and dated. The SPIRIT checklist belongs to the SPIRIT Group and is reproduced by BMJ with their permission

 Example 

 “EudraCT: 2010-019180-10 
 ClinicalTrials.gov: NCT01066572 
 ISRCTN: 54540667.” 21  

 Example 

 “Issue date: 25 Jul 2005 

 Protocol amendment number: 05 

 Authors:  MD, JH  

  Revision chronology:  

 UM . . . 00, 2004-Jan-30 Original 

 UM . . . 01, 2004-Feb-7 Amendment 01.: 
 Primary reason for amendment: changes in Section 7.1 regarding 
composition of comparator placebo 
 Additional changes (these changes in and of themselves would 
not justify a protocol amendment): correction of typographical 
error in Section 3.3 . . . 

 UM . . . 05, 2005-Jul-25 Amendment No.5: 
 At the request of US FDA statements were added to the protocol 
to better clarify and define the algorithm for determining clinical 
or microbiological failures prior to the follow-up visit.” 33  
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Although both industry funded and non-industry funded 

trials are susceptible to bias, 4    35  the former are more likely 

to report trial results and conclusions that favour their 

own interventions. 27    36  -   39  This tendency could be due to 

industry trials being more likely to select e" ective inter-

ventions for evaluation (Item 6a), to use less e" ective 

control interventions (Item 6b), or to selectively report 

outcomes (Item 12), analyses (Item 20) or full studies 

(Item 31). 38    40  -   43  Non-& nancial support (eg, provision of 

drugs) from industry has not been shown to be associated 

with biased results, although few studies have examined 

this issue. 44    45  

 At a minimum, the protocol should identify the sources 

of & nancial and non-& nancial support; the speci& c type 

(eg, funds, equipment, drugs, services) and time period of 

support; and any vested interest that the funder may have 

in the trial. If a trial is not yet funded when the protocol is 

& rst written, the proposed sources of support should be 

listed and updated as funders are con& rmed. 

 No clear consensus exists regarding the level of addi-

tional funding details that should be provided in the trial 

protocol as opposed to trial contracts, although full dis-

closure of funding information in the protocol can help to 

better identify & nancial competing interests. Some juris-

dictional guidelines require more detailed disclosure, 

including monetary amounts granted from each funder, 

the mechanism of providing & nancial support (eg, paid 

in & xed sum or per recruited participant), and the speci& c 

fund recipient (eg, trial investigator, department/insti-

tute). 46  Detailed disclosure allows research ethics com-

mittees/institutional review boards (REC/IRBs) to assess 

whether the reimbursement amount is reasonable in rela-

tion to the time and expenses incurred for trial conduct. 

is the most recent. Explicitly listing the changes made rela-

tive to the previous protocol version is also important (see 

Item 25). Transparent tracking of versions and amend-

ments facilitates trial conduct, review, and oversight. 

 Funding 

 Item 4: Sources and types of financial, material, and other 

support   

 Explanation 

 A description of the sources of & nancial and non-& nancial 

support provides relevant information to assess study 

feasibility and potential competing interests (Item 28). 

 Table 2 | Example of trial registration data 

Data category Information 32 

Primary registry and trial identifying number ClinicalTrials.gov   NCT01143272

Date of registration in primary registry 11 June, 2010

Secondary identifying numbers BNI-2009-01, 2009-017374-20, ISRCTN01005546, DRKS00000084

Source(s) of monetary or material support Bernhard Nocht Institute for Tropical Medicine

Primary sponsor Bernhard Nocht Institute for Tropical Medicine

Secondary sponsor(s) German Federal Ministry of Education and Research 

Contact for public queries SE, MD, MPH   [email address]    

Contact for scientific queries SE, MD, MPH   Bernhard Nocht Institute for Tropical Medicine, Hamburg, Germany

Public title Probiotic  Saccharomyces boulardii  for the prevention of antibiotic associated diarrhoea (SacBo)

Scientific title  S boulardii  for the prevention of antibiotic associated diarrhoea—randomised, double blind, placebo controlled trial

Countries of recruitment Germany

Health condition(s) or problem(s) studied Antibiotic treatment,  Clostridium difficile,  diarrhoea

Intervention(s)
Active comparator:  S boulardii  (500 mg  S boulardii  per day)

Placebo comparator: microcristallin cellulose (matching capsules containing no active ingredients)

Key inclusion and exclusion criteria

Ages eligible for study:  ≥18 years; Sexes eligible for study: both; Accepts healthy volunteers:  no

Inclusion criteria: adult patient (≥ 18 years), patient hospitalised . . . 

Exclusion criteria: allergy against yeast and/or Perenterol forte and/or placebos containing  S cerevisiae  HANSEN CBS 5926, lactose monohydrate, 
magnesium stearate, gelatine, sodium dodecyl sulfate, titan dioxide, microcrystalline cellulose

Study type

Interventional

Allocation: randomized; Intervention model: parallel assignment; Masking: double blind . . .

Primary purpose: prevention 

Phase III

Date of first enrolment June 2010

Target sample size 1520

Recruitment status Recruiting

Primary outcome(s) Cumulative incidence of any antibiotic associated diarrhoea (time frame: 2 years; not designated as safety issue) 

Key secondary outcomes Cumulative incidence of  C difficile  associated diarrhoea (time frame: 2 years; not designated as safety issue) . . .

 Example 

 “Tranexamic acid will be manufactured by Pharmacia (Pfizer, 
Sandwich, UK) and placebo by South Devon Healthcare 
NHS Trust, UK. The treatment packs will be prepared by 
an independent clinical trial supply company (Brecon 
Pharmaceuticals Limited, Hereford, UK) . . . 
 LSHTM [London School of Hygiene and Tropical Medicine] is 
funding the run-in costs for the WOMAN trial and up to 2,000 
patients’ recruitment. The main phase is funded by the UK 
Department of Health and the Wellcome Trust. Funding for this 
trial covers meetings and central organisational costs only. 
Pfizer, the manufacturer of tranexamic acid, have provided 
the funding for the trial drug and placebo used for this trial. An 
educational grant, equipment and consumables for ROTEM 
[thromboelastometry procedure] analysis has been provided by 
Tem Innovations GmbH, M.-Kollar-Str. 13-15, 81829 Munich, 
Germany for use in the WOMAN-ETAC study. An application for 
funding to support local organisational costs has been made 
to University of Ibadan Senate Research Grant. The design, 
management, analysis and reporting of the study are entirely 
independent of the manufacturers of tranexamic acid and Tem 
Innovations GmbH.” 34  
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 Roles and responsibilities—sponsor and funder 

 Item 5c: Role of study sponsor and funders, if any, in 

study design; collection, management, analysis, and 

interpretation of data; writing of the report; and the 

decision to submit the report for publication, including 

whether they will have ultimate authority over any of 

these activities   

 Explanation 

 There is potential for bias when the trial sponsor or 

funder (sometimes the same entity) has competing 

interests (Item 28) and substantial in1 uence on the 

planning, conduct, or reporting of a trial. Empirical 

research indicates that speci& c forms of bias tend to be 

more prevalent in trials funded by industry compared 

to those funded by non-commercial sources. 36  -  38    45    55  -   60  

The design, analysis, interpretation, and reporting 

of most industry-initiated trials are controlled by the 

sponsor; this authority is o# en enforced by contractual 

agreements signed between the sponsor and trial inves-

tigators (Item 29). 10    61  

 The protocol should explicitly outline the roles and 

responsibilities of the sponsor and any funders in study 

design, conduct, data analysis and interpretation, man-

uscript writing, and dissemination of results. It is also 

important to state whether the sponsor or funder con-

trols the & nal decision regarding any of these aspects 

of the trial. 

 Despite the importance of declaring the roles of the trial 

sponsor and funders, few protocols explicitly do so. 

Among 44 protocols for industry-initiated trials receiv-

ing ethics approval in Denmark from 1994-95, none 

stated explicitly who had contributed to the design of 

the trial. 9  

 Roles and responsibilities—committees 

 Item 5d: Composition, roles, and responsibilities of 

the coordinating centre, steering committee, endpoint 

adjudication committee, data management team, 

and other individuals or groups overseeing the trial, if 

applicable (see Item 21a for data monitoring committee)   

 Explanation 

 The protocol should outline the general membership of 

the various committees or groups involved in trial coor-

dination and conduct; describe the roles and responsi-

bilities of each; and (when known) identify the chairs 

and members. This information helps to ensure that 

roles and responsibilities are clearly understood at the 

trial onset, and facilitates communication from exter-

nal parties regarding the trial. It also enables readers to 

understand the mandate and expertise of those respon-

sible for overseeing participant safety, study design, 

database integrity, and study conduct. For example, 

empirical evidence supports the pivotal role of an epide-

miologist or biostatistician in designing and conducting 

higher quality trials. 63    64  

 Roles and responsibilities—contributorship 

 Item 5a: Names, affiliations, and roles of protocol 

contributors 

 Explanation 

 Individuals who contribute substantively to protocol 

development and dra# ing should have their contribu-

tions reported. As with authorship of journal articles, 48  

listing the protocol contributors, their a8  liations, and 

their roles in the protocol development process provides 

due recognition, accountability, and transparency. Nam-

ing of contributors can also help to identify competing 

interests and reduce ghost authorship (Items 28 and 

31b). 9    10  If professional medical writers are employed to 

dra#  the protocol, then this should be acknowledged as 

well. 

 Naming of authors and statements of contributorship 

are standard for protocols published in journals such as 

 Trials  49  but are uncommon for unpublished protocols. 

Only & ve of 44 industry-initiated protocols approved in 

1994-95 by a Danish research ethics committee explicitly 

identi& ed the protocol authors. 9  

 Roles and responsibilities—sponsor contact information 

 Item 5b: Name and contact information for the trial 

sponsor   

 Explanation 

 The sponsor can be de& ned as the individual, company, 

institution, or organisation assuming overall responsi-

bility for the initiation and management of the trial, 

and is not necessarily the main funder. 51    52  In general, 

the company is the sponsor in industry initiated trials, 

while the funding agency or institution of the principal 

investigator is o# en the sponsor for investigator initiated 

trials. For some investigator initiated trials, the principal 

inv estigator can be considered to be a “sponsor-inves-

tigator” who assumes both sponsor and investigator 

roles. 51    53  

 Identi& cation of the trial sponsor provides transpar-

ency and accountability. The protocol should identify the 

name, contact information, and if applicable, the regula-

tory agency identifying number of the sponsor. 

 Example 

 “ RTL  [address],  EJM  [address],  AK  [address] . . . 

 Authors’ contributions 
   RTL  conceived of the study.  AK ,  EN ,  SB ,  PR ,  WJ ,  JH , and 
 MC  initiated the study design and  JK  and  LG  helped with 
implementation.  RTL ,  JK ,  LG , and  FP  are grant holders.  LT  and 
 EM  provided statistical expertise in clinical trial design and 
 RN  is conducting the primary statistical analysis. All authors 
contributed to refinement of the study protocol and approved 
the final manuscript.” 47  

 Example 

 “Trial Sponsor: University of Nottingham 

 Sponsor’s Reference: RIS 8024 . . . 

 Contact name: Mr  PC  

 Address: King’s Meadow Campus . . .  

 Telephone: . . .  
 Email: . . .” 50  

 Example 

 “This funding source had no role in the design of this study 
and will not have any role during its execution, analyses, 
interpretation of the data, or decision to submit results.” 54  
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provides motivation for contributing to the trial. 68    69  It is 

also relevant to funders, REC/IRBs, and other stakehold-

ers who evaluate the scienti& c and ethical basis for trial 

conduct. 

 To place the trial in the context of available evidence, 

it is strongly recommended that an up-to-date systematic 

review of relevant studies be summarised and cited in the 

protocol. 70  Several funders request this information in 

grant applications. 71    72  Failure to review the cumulated evi-

dence can lead to unnecessary duplication of research or 

to trial participants being deprived of e" ective, or exposed 

to harmful, interventions. 73  -  76  A minority of published 

trial reports cite a systematic review of pre-existing evi-

dence, 77    78  and in one survey only half of trial investigators 

 Section 2: Introduction 

 Background and rationale 

 Item 6a: Description of research question and justification 

for undertaking the trial, including summary of relevant 

studies (published and unpublished) examining benefits 

and harms for each intervention   

 Explanation 

 The value of a research question, as well as the ethical 

and scienti& c justi& cation for a trial, depend to a large 

degree on the uncertainty of the comparative bene& ts or 

harms of the interventions, which depends in turn on the 

existing body of knowledge on the topic. The background 

section of a protocol should summarise the importance of 

the research question, justify the need for the trial in the 

context of available evidence, and present any available 

data regarding the potential e" ects of the interventions 

(e8  cacy and harms). 66    67  This information is particularly 

important to the trial participants and personnel, as it 

 Example  

 “Principal investigator and research physician 

 Design and conduct of RITUXVAS 

 Preparation of protocol and revisions 

 Preparation of investigators brochure (IB) and CRFs [case report forms] 

 Organising steering committee meetings 

 Managing CTO [clinical trials office] 

 Publication of study reports 

 Members of TMC [Trial Management Committee] 

 Steering committee (SC) 

 (see title page for members) 

 Agreement of final protocol 

 All lead investigators will be steering committee members. One lead investigator per country will be 
nominated as national coordinator. 

 Recruitment of patients and liaising with principle [sic] investigator 

 Reviewing progress of study and if necessary agreeing changes to the protocol and/or 
investigators brochure to facilitate the smooth running of the study. 

 Trial management committee (TMC) 

 (Principle [sic] investigator, research physician, administrator) 

 Study planning 

 Organisation of steering committee meetings 

 Provide annual risk report MHRA [Medicines and Healthcare Products Regulatory Agency] and 
ethics committee 

 SUSAR [Serious unexpected suspected adverse events] reporting to MHRA and Roche  

 Responsible for trial master file 

 Budget administration and contractual issues with individual centres 

 Advice for lead investigators 

 Audit of 6 monthly feedback forms and decide when site visit to occur. 

 Assistance with international review, board/independent ethics committee applications 

 Data verification 

 Randomisation 

 Organisation of central serum sample collection 

 Data manager 

 Maintenance of trial IT system and data entry 

 Data verification 

 Lead investigators 
 In each participating centre a lead investigator (senior nephrologist/rheumatologist/ immunologist) 
will be identified, to be responsible for identification, recruitment, data collection and completion 
of CRFs, along with follow up of study patients and adherence to study protocol and investigators 
brochure. . . . Lead investigators will be steering committee members, with one investigator per 
country being nominated as national coordinator.” 62  

 Example 

  “Background 
  Introduction:  For people at ages 5 to 45 years, trauma is second 
only to HIV/AIDS as a cause of death. . . . 
  Mechanisms : The haemostatic system helps to maintain the 
integrity of the circulatory system after severe vascular injury, 
whether traumatic or surgical in origin.[reference] Major 
surgery and trauma trigger similar haemostatic responses . 
. . Antifibrinolytic agents have been shown to reduce blood 
loss in patients with both normal and exaggerated fibrinolytic 
responses to surgery, and do so without apparently increasing 
the risk of post-operative complications, . . . 
  Existing knowledge : Systemic antifibrinolytic agents are widely 
used in major surgery to prevent fibrinolysis and thus reduce 
surgical blood loss. A recent systematic review [reference] of 
randomised controlled trials of antifibrinolytic agents (mainly 
aprotinin or tranexamic acid) in elective surgical patients 
identified 89 trials including 8,580 randomised patients (74 trials 
in cardiac, eight in orthopaedic, four in liver, and three in vascular 
surgery). The results showed that these treatments reduced the 
numbers needing transfusion by one third, reduced the volume 
needed per transfusion by one unit, and halved the need for 
further surgery to control bleeding. These differences were all 
highly statistically significant. There was also a statistically non-
significant reduction in the risk of death (RR=0.85: 95% CI 0.63 to 
1.14) in the antifibrinolytic treated group. 
 . . . 
  Need for a trial : A simple and widely practicable treatment that 
reduces blood loss following trauma might prevent thousands of 
premature trauma deaths each year and secondly could reduce 
exposure to the risks of blood transfusion. Blood is a scarce and 
expensive resource and major concerns remain about the risk 
of transfusion-transmitted infection. . . . A large randomised trial 
is therefore needed of the use of a simple, inexpensive, widely 
practicable antifibrinolytic treatment such as tranexamic acid 
. . . in a wide range of trauma patients who, when they reach 
hospital are thought to be at risk of major haemorrhage that 
could significantly affect their chances of survival. 

 Dose selection 
 The systematic review of randomised controlled trials of 
antifibrinolytic agents in surgery showed that dose regimens of 
tranexamic acid vary widely.[reference] . . . 
 In this emergency situation, administration of a fixed dose would 
be more practicable as determining the weight of a patient would 
be impossible. Therefore a fixed dose within the dose range which 
has been shown to inhibit fibrinolysis and provide haemostatic 
benefit is being used for this trial. . . . The planned duration of 
administration allows for the full effect of tranexamic acid on the 
immediate risk of haemorrhage without extending too far into the 
acute phase response seen after surgery and trauma.” 65  
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trial investigators to be e" ective despite having never 

previously been shown to be superior to placebo. 74    97  In 

a systematic review of over 100 head-to-head antibiotic 

trials for mild to moderate chronic obstructive pulmo-

nary disease, 74  cumulative meta-analysis of preceding 

placebo controlled trials did not show a signi& cant e" ect 

of antibiotics over placebo. Such studies again highlight 

the importance of providing a thorough background 

and rationale for a trial and the choice of comparators—

including data from an up-to-date systematic review—to 

enable potential participants, physicians, REC/IRBs, and 

funders to discern the merit of the trial. 

 Objectives 

 Item 7: Specific objectives or hypotheses   

 Explanation 

 The study objectives re1 ect the scienti& c questions to be 

answered by the trial, and de& ne its purpose and scope. 

They are closely tied to the trial design (Item 8) and a nalysis 

methods (Item 20). For example, the sample size calcula-

tion and statistical analyses for superiority trials will di" er 

from those investigating non-inferiority. 

 The objectives are generally phrased using neutral word-

ing (eg, “to compare the e" ect of treatment A versus treat-

ment B on outcome X”) rather than in terms of a particular 

direction of e" ect. 99  A hypothesis states the predicted e" ect of 

the interventions on the trial outcomes. For multiarm trials, 

the objectives should clarify the way in which all the treat-

ment groups will be compared (eg, A versus B; A versus C). 

were aware of a relevant existing review when they had 

designed their trial. 79  Given that about half of trials remain 

unpublished, 80  -  82  and that published trials o# en represent 

a biased subset of all trials, 80    83  it is important that system-

atic reviews include a search of online resources such as 

trial registries, results databases, and regulatory agency 

websites. 84  

 Background and rationale—choice of comparators 

 Item 6b: Explanation for choice of comparators   

 Explanation 

 The choice of control interventions has important implica-

tions for trial ethics, recruitment, results, and interpre-

tation. In trials comparing an intervention to an active 

control or usual care, a clear description of the rationale 

for the comparator intervention will facilitate under-

standing of its appropriateness. 86    87  For example, a trial 

in which the control group receives an inappropriately 

low dose of an active drug will ove restimate the relative 

e8  cacy of the study intervention in clinical practice; con-

versely, an inappropriately high dose in the control group 

will lead to an underestimate of the relative harms of the 

study intervention. 87    88  

 The appropriateness of using placebo-only control 

groups has been the subject of extensive debate and mer-

its careful consideration of the existence of other e" ec-

tive treatments, the potential risks to trial par ticipants, 

and the need for assay sensitivity—that is, ability to dis-

tinguish an e" ective intervention from less e" ective or 

ine" ective interventions. 89    90  In addition, surveys have 

demonstrated that a potential barrier to trial participa-

tion is the possibility of being allocated a placebo-only 

or active control intervention that is perceived to be less 

desirable than the study inter vention. 68    69    91    92  Evidence 

also suggests that enrolled participants perceive the e" ect 

of a given intervention di" erently depending on whether 

the control group consists of an active comparator or only 

placebo. 93  -  96  

 Finally, studies suggest that some “active” compara-

tors in head-to-head randomised trials are presumed by 

 Example 

 “1.1 Research hypothesis 
 Apixaban is noninferior to warfarin for prevention of stroke 
(hemorrhagic, ischemic or of unspecified type) or systemic 
embolism in subjects with atrial fibrillation (AF) and additional 
risk factor(s) for stroke. 

 . . . 
 2 STUDY OBJECTIVES 

 2.1 Primary objective 
 To determine if apixaban is noninferior to warfarin (INR 
[international normalized ratio] target range 2.0-3.0) in the 
combined endpoint of stroke (hemorrhagic, ischemic or of 
unspecified type) and systemic embolism, in subjects with AF and 
at least one additional risk factor for stroke. 

 2.2 Secondary objectives 
 2.2.1 Key secondary objectives 
 The key secondary objectives are to determine, in subjects with 
AF and at least one additional risk factor for stroke, if apixaban is 
superior to warfarin (INR target range 2.0 - 3.0) for, 
•  the combined endpoint of stroke (hemorrhagic, ischemic or of 

unspecified type) and systemic embolism 
•  major bleeding [International Society of Thrombosis and 

Hemostasis] 
•  all-cause death 
 2.2.2 Other secondary objectives 
•  To compare, in subjects with AF and at least one additional risk 

factor for stroke, apixaban and warfarin with respect to: 
 The composite endpoint of stroke (ischemic, hemorrhagic, 
or of unspecified type), systemic embolism and major 
bleeding, in warfarin naive subjects 

 . . . 
•  To assess the safety of apixaban in subjects with AF and at least 

one additional risk factor for stroke.” 98  

 Example 

 “Choice of comparator 
 In spite of the increasing numbers of resistant strains, 
chloroquine monotherapy is still recommended as standard 
blood-stage therapy for patients with  P  [ Plasmodium ]  vivax  
malaria in the countries in which this trial will be conducted. Its 
selection as comparator is therefore justified. The adult dose 
of chloroquine will be 620 mg for 2 days followed by 310 mg 
on the third day and for children 10 mg/kg for the first two 
days and 5 mg/kg for the third day. Total dose is in accordance 
with the current practice in the countries where the study is 
conducted. The safety profile of chloroquine is well established 
and known. Although generally well tolerated, the following 
side-effects of chloroquine treatment have been described: 
 Gastro-intestinal disturbances, headache, hypotension, 
convulsions, visual disturbances, depigmentation or loss of 
hair, skin reactions (rashes, pruritus) and, rarely, bone-marrow 
suppression and hypersensitivity reactions such as urticaria 
and angioedema. Their occurrence during the present trial 
may however be unlikely given the short (3-day) duration of 
treatment.” 85  
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 Explanation 

 A description of the environment in which a trial will be con-

ducted provides important context in terms of the applicabil-

ity of the study results; the existence and type of applicable 

local regulation and ethics oversight; and the type of health-

care and research infrastructure available. These considera-

tions can vary substantially within and between countries. 

 At a minimum, the countries  ,   type of setting (eg, urban 

versus rural), and the likely number of study sites should be 

reported in the protocol. These factors have been associated 

with recruitment success and degree of attrition for some tri-

als, 68    91    92    114  -   117  but not for others. 118    119  Trial location has also 

been associated with trial outcome, 120  aspects of trial quality 

(eg, authenticity of randomisation 121 ), and generalisability. 122  

 Eligibility criteria 

 Item 10: Inclusion and exclusion criteria for participants. 

If applicable, eligibility criteria for study centres and 

individuals who will perform the interventions (eg, 

surgeons, psychotherapists)   

 Explanation 

 Eligibility criteria for potential trial participants de& ne the 

study population. They can relate to demographic informa-

tion; type or severity of the health condition; comorbidities; 

previous or current treatment; diagnostic procedures; preg-

nancy; or other relevant considerations. 125  In trials of operator-

dependent interventions such as surgery and psychotherapy, 

it is usually important to promote consistency of intervention 

delivery by also de& ning the eligibility criteria for care provid-

ers and centres where the intervention will be administered. 126  

 Clear delineation of eligibility criteria serves several 

purposes. It enables study personnel to apply these cri-

teria consistently throughout the trial. 127  The choice 

of eligibility criteria can affect recruitment and attri-

 Trial design 

 Item 8: Description of trial design including type of 

trial (eg, parallel group, crossover, factorial, single 

group), allocation ratio, and framework (eg, superiority, 

equivalence, non-inferiority, exploratory)   

 Explanation 

 The most common design for published randomised trials 

is the parallel group, two arm, superiority trial with 1:1 allo-

cation ratio. 101  Other trial types include crossover, cluster, 

factorial, split body, and n of 1 randomised trials, as well as 

single group trials and non-randomised comparative trials. 

 For trials with more than one study group, the allocation 

ratio re1 ects the intended relative number of participants 

in each group (eg, 1:1 or 2:1). Unequal allocation ratios are 

used for a variety of reasons, including potential cost sav-

ings, allowance for learning curves, and ethical considera-

tions when the balance of existing evidence appears to be in 

favour of one intervention over the other. 102  Evidence also 

suggests a preference of some participants for enrolling in 

trials with an allocation ratio that favours allocation to an 

active treatment. 92  

 The framework of a trial refers to its overall objective to test 

the superiority, non-inferiority, or equivalence of one inter-

vention with another, or in the case of exploratory pilot trials, 

to gather preliminary information on the intervention (eg, 

harms, pharmacokinetics) and the feasibility of conducting 

a full-scale trial. 

 It is important to specify and explain the choice of study 

design because of its close relation to the trial objectives (Item 

7) and its in1 uence on the study methods, conduct, costs, 103  

results, 104  -  106  and interpretation. For example, factorial and 

non-inferiority trials can involve more complex methods, 

analyses, and interpretations than parallel group superior-

ity trials. 107    108  In addition, the interpretation of trial results 

in published reports is not always consistent with the pre-

speci& ed trial framework, 6    109    110  especially among reports 

claiming post hoc equivalence based on a failure to demon-

strate superiority rather than a speci& c test of equivalence. 109  

 There is increasing interest in adaptive designs for clinical 

trials, de& ned as the use of accumulating data to decide how 

to modify aspects of a study as it continues, without under-

mining the validity and integrity of the trial. 111    112  Examples 

of potential adaptations include stopping the trial early, 

modifying the allocation ratio, re-estimating the sample size, 

and changing the eligibility criteria. The most valid adaptive 

designs are those in which the opportunity to make adapta-

tions is based on prespeci& ed decision rules that are fully 

documented in the protocol (Item 21b). 

 Section 3a: Methods—participants, interventions, and outcomes 

 Study setting 

 Item 9: Description of study settings (eg, community clinic, 

academic hospital) and list of countries where data will be 

collected. Reference to where list of study sites can be obtained   

 Example 

 “Selection of countries 
 . . . To detect an intervention-related difference in HIV incidences 
with the desired power, the baseline incidences at the sites must be 
sufficiently high. We chose the participating sites so that the average 
baseline annual incidence across all communities in the study is likely 
to reach at least 3%. The various sites in sub-Saharan Africa met this 
criterion, but we also wanted sites in Asia to extend the generalizability 
of the intervention. The only location in Asia with sufficient incidence 
at the community level is in ethnic minority communities in Northern 
Thailand, where HIV incidence is currently in excess of 7%;[reference] 
thus they were invited to participate as well. Our final selection of 
sites combines rural (Tanzania, Zimbabwe, Thailand, and KwaZulu-
Natal) and an urban (Soweto) location. The cultural circumstances 
between the sub-Saharan African sites vary widely . . .  

 Definition of community 
 Each of the three southern African sites (Harare, Zimbabwe; and 
Soweto and Vulindlela, South Africa) selected eight communities, 
the East African (Tanzanian) site selected 10 communities, and 
Thailand selected 14 communities . . . They are of a population size 
of approximately 10,000 . . .  which fosters social familiarity and 
connectedness, and they are geographically distinct. Communities 
are defined primarily geographically for operational purposes 
for the study, taking into account these dimensions of social 
communality. The communities chosen within each country and 
site are selected to be sufficiently distant from each other so that 
there would be little cross-contamination or little possibility that 
individuals from a control community would benefit from the 
activities in the intervention community.” 113  

 Example 

 “The PROUD trial is designed as a randomised, controlled, 
observer, surgeon and patient blinded multicenter superiority 
trial with two parallel groups and a primary endpoint of wound 
infection during 30 days after surgery . . .  randomization will be 
performed as block randomization with a 1:1 allocation.” 100  
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policymakers, and others to fully understand, implement, 

or evaluate the trial intervention. 148  This principle applies to 

all types of interventions, but is particularly true for complex 

interventions (eg, health service delivery; psychotherapy), 

which consist of interconnected components that can vary 

between healthcare providers and settings. 

 For drugs, biological agents, or placebos, the protocol 

description should include the generic name, manufacturer, 

constituent components, route of administration, and dosing 

schedule (including titration and run-in periods, if applica-

ble). 149    150  The description of non-drug interventions—such as 

devices, procedures, policies, models of care, or counselling—

is generally more complex and warrants additional details 

about the setting (Item 9) and individuals administering the 

interventions. For example, the level of pre-trial expertise 

(Item 10) and speci& c training of individuals administering 

these complex interventions are o# en relevant to describe 

(eg, for surgeons, psychologists, physiotherapists). When 

intervention delivery is subject to variation, it is important to 

state whether the same individuals will deliver the trial inter-

ventions in all study groups, or whether di" erent individuals 

will manage each study group—in which case it can be dif-

& cult to separate the e" ect of the intervention from that of the 

individual delivering it. Interventions that consist of “usual 

care” or “standard of care” require further elaboration in the 

protocol, as this care can vary substantially across centres and 

patients, as well as over the duration of the trial. 

 Interventions—modifications 

 Item 11b: Criteria for discontinuing or modifying 

allocated interventions for a given trial participant (eg, 

drug dose change in response to harms, participant 

request, or improving/worsening disease)   

 Explanation 

 For a given trial participant, the assigned study inter-

vention may need to be modified or discontinued by 

tion, 67    114    115    117    118    128  -   130  as well as outcome event rates. 39    131  

In addition, the criteria convey key information related to 

external validity (generalisability or applicability). 132  The 

importance of transparent documentation is highlighted by 

evidence that the eligibility criteria listed in publications are 

o# en di" erent from those speci& ed in the protocol. 125    133    134  

 Certain eligibility criteria warrant explicit justi& cation in 

the protocol, particularly when they limit the trial sample 

to a narrow subset of the population. 132    135    136  The appro-

priateness of restrictive participant selection depends on 

the trial objectives. 137  When trial participants di" er sub-

stantially from the overall population to whom the inter-

vention will be applied, the trial results may not re1 ect the 

impact in real world practice settings. 134    138  -   144  

 Interventions 

 Item 11a: Interventions for each group with sufficient 

detail to allow replication, including how and when they 

will be administered   

 Explanation 

 Studies of trials and systematic reviews have shown that 

important elements of the interventions are not described 

in half of the publications. 146    147  If such elements are also 

missing from the protocol, or if the protocol simply refers to 

other documents that are not freely accessible, then it can be 

impossible for healthcare providers, systematic reviewers, 

 Examples 

 “Patients (or a representative) must provide written, informed consent before any study procedures 
occur (see Appendix 1 for sample Informed Consent Form) . . .  

 5.1. Inclusion Criteria 
 Patients eligible for the trial must comply with all of the following  at randomization : 

 1. Age ≥16 years 
 2. Current admission under the care of the heart-failure service at the site 
 . . . 

 5.2. Exclusion Criteria 
 1. Acute decompensation thought by the attending heart-failure physician to require or be likely to 
require PAC [pulmonary-artery catheter] during the next 24 hours. Such patients should be entered 
into the PAC Registry (see below). 

 2. Inability to undergo PAC placement within the next 12 hours 
 . . . 
  Patients enrolled in other investigational drug studies are potential candidates for ESCAPE . 

As the ESCAPE protocol does not involve any investigational agents or techniques, patients would be 
eligible for dual randomization if they are on stable doses of the investigational drugs. . . . 

 13. Study Network, Training, and Responsibilities 
 . . . To qualify, physicians responsible for PAC [pulmonary-artery catheter] placements will be required 
to show proof of insertion of ≥50 PACs in the previous year with a complication rate of <5%. Further, 
clinicians will need to show competence in the following areas to participate in the study: 1) insertion 
techniques and cardiovascular anatomy; 2) oxygen dynamics; . . . and 7) common PAC complications.
[reference] . . . we will assume basic competence in these areas after satisfactory completion of the 
PACEP [PAC educational programme] module.” 123  

 “Trial centre requirements 
 A number of guidelines have stated thrombolysis should only be considered if the patient is admitted 
to a specialist centre with appropriate experience and expertise.[reference] Hospitals participating 
in IST-3 [third International Stroke Trial] should have an organized acute stroke service. The 
components of effective stroke unit care have been identified . . . In brief, the facilities (details of these 
requirements are specified in the separate operations manual) should include: 
•  Written protocol for the acute assessment of patients with suspected acute stroke to include 

interventions to reduce time from onset to treatment. 
•  Immediate access to CT [computed tomographic] or MR [magnetic resonance] brain scanning 

(preferably 24 hours a day). 
 A treatment area where thrombolysis may be administered and the patient monitored according to 
trial protocol, preferably an acute stroke unit.” 124  

 Example 

 “Eligible patients will be randomised in equal proportions between 
IL-1ra [interleukin-1 receptor antagonist] and placebo, receiving 
either a once daily, subcutaneous (s.c.) injection of IL-1ra (dose 
100 mg per 24 h) for 14 days, or a daily s.c. injection of placebo for 
14 days . . .  

 The study drug and placebo will be provided by Amgen Inc in its 
commercially available recombinant form . . . The study drug and 
placebo will be relabelled by Amgen, in collaboration with CTEU 
[Clinical Trials and Evaluation Unit] according to MHRA [Medicines 
and Healthcare Products Regulatory Agency] guidelines. 
 The first dose of IL-1ra will be given within 24 h +2 h of the positive 
Troponin. Injections will be given at a standardised time (24 ± 2 h 
after the previous dose), immediately after blood sampling. IL-1ra 
or placebo will [be] administered to the patient by the research 
nurse while the patient is in hospital. During the hospital stay, 
the patient will be taught to self-administer the injection by the 
research nurse and on discharge will continue at home. This has 
proven possible in other ACS [acute coronary syndrome] trials that 
required self injection of subcutaneous heparin [reference]. Full 
written guidance on self injection will also be provided to patients. 
If self injection is found not to be possible in an individual patient 
for unexpected reasons, an alternative method will be sought (eg 
district nurse, or attending the hospital) to try and maintain full 
compliance with scheduled study drug regimen after discharge. 
Patients will also be asked to complete a daily injection diary. All 
personnel will be blinded to the identity of the syringe contents.” 145  
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 Explanation 

 Adherence to intervention protocols refers to the degree to 

which the behaviour of trial participants corresponds to the 

intervention assigned to them. 154  Distinct but related con-

cepts include trial retention (Item 18b) and adherence to the 

follow-up protocol of procedures and assessments (Item 13). 

 On average, adherence to intervention protocols is 

higher in clinical trials than in non-research settings. 155  

Although there is no consensus on the acceptable mini-

mum adherence level in clinical trials, low adherence 

can have a substantial e" ect on statistical power and 

interpretation of trial results. 156  -  158  Since fewer partici-

pants are receiving the full intervention as intended, 

non-adherence can reduce the contrast between study 

groups—leading to decreased study power and increased 

costs associated with recruiting larger sample sizes for 

evaluating superiority, or leading to potentially inap-

propriate conclusions of non-inferiority or equivalence. 

There is also the possibility of underestimating any e8  -

cacy and harms of the study intervention. 

 Furthermore, if adherence is a marker for general 

healthy behaviour associated with better prognosis, then 

di" erent rates of non-adherence between study groups 

can lead to a biased estimate of an intervention’s e" ect. In 

support of this “healthy adherer” e" ect, non-adherers to 

placebo in clinical studies have been found to have poorer 

clinical outcomes than adherers. 159  

 To help avoid these potential detrimental e" ects of 

non-adherence, many trials implement procedures 

and strategies for monitoring and improving adher-

ence, 67    156  -   158  and any such plans should be described in 

the protocol. 160  Among applicable drug trials published 

in 1997-99, 47% reported monitoring the level of adher-

ence. 161  Although each of the many types of monitoring 

methods has its limitations, 157    158  adherence data can 

help to inform the statistical analysis (Item 20c), trial 

interpretation, and choice of appropriate adherence strat-

egies to implement in the trial as it progresses or in future 

trials and clinical practice. 

 A variety of adherence strategies exist, 156  -  158  and their 

use can be tailored to the speci& c type of trial design, inter-

vention, and participant population. It may be desirable to 

select strategies that can be easily implemented in clinical 

practice, so that the level of adherence in the real world 

setting is comparable to that observed in the trial. 158  

 Interventions—concomitant care 

 Item 11d: Relevant concomitant care and interventions 

that are permitted or prohibited during the trial   

 Explanation 

 In a controlled trial, a key goal is to have comparable 

study groups that di" er only by the intervention being 

evaluated, so that any di" erence in outcomes can be 

attributed to e" ects of the study intervention. Cointer-

vention bias can arise when the study groups receive 

di" erent concomitant care or interventions (in addition 

to the assigned trial interventions) that may a" ect trial 

outcomes. 162  To promote comparability of study groups, 

the protocol should list the relevant concomitant care and 

interventions that are allowed (including rescue interven-

tions), as well as any that are prohibited. 

trial investigators for various reasons, including harms, 

improved health status, lack of e8  cacy, and withdrawal 

of participant consent. Comparability across study 

groups can be improved, and subjectivity in care deci-

sions reduced, by de& ning standard criteria for interven-

tion modi& cations and discontinuations in the protocol. 

Regardless of any decision to modify or discontinue their 

assigned intervention, study participants should be 

retained in the trial whenever possible to enable follow-

up data collection and prevent missing data (Item 18b). 152  

 Interventions—adherence 

 Item 11c: Strategies to improve adherence to intervention 

protocols, and any procedures for monitoring adherence 

(eg, drug tablet return; laboratory tests)   

 Example 

 “Gastro-Intestinal Upset 
 The tablets may be taken in two equally divided doses, if necessary, to improve gastro-intestinal 
tolerance. Should it be necessary the daily dose may be reduced by one tablet at a time to 
improve gastro-intestinal tolerance. 

 Renal Function Impairment 
 Since sodium clodronate is excreted unchanged by the kidney its use is contra-indicated in 
patients with moderate to severe renal impairment (serum creatinine greater than 2 times upper 
limit of normal range of the centre). If renal function deteriorates to this extent the trial medication 
should be withdrawn from the patient.  This should be reported as an adverse event.  In patients 
with normal renal function or mild renal impairment (serum creatinine less than 2 times upper 
limit of normal range of the centre) serum creatinine should be monitored during therapy. 

 Allergic Reactions 
 Allergic skin reactions have been observed in rare cases. If this is suspected withdraw the trial 
medication from the patient.  This should be reported as an adverse event.  

 Biochemical Disturbances 
 Asymptomatic hypocalcaemia has been noted rarely. Temporary suspension of the trial 
medication until the serum calcium returns into the normal range is recommended. The trial 
medication can be then restarted at half the previous dose. If the situation returns withdraw the 
trial medication from the patient.  This should be reported as an adverse event  . . .” 151  

 Example 

 “Adherence reminder sessions 
 Face-to-face adherence reminder sessions will take place at the initial product dispensing and 
each study visit thereafter. This session will include: 
•  The importance of following study guidelines for adherence to once daily study product 
•  Instructions about taking study pills including dose timing, storage, and importance of taking pills 

whole, and what to do in the event of a missed dose. 
•  Instructions about the purpose, use, and care of the MEMS® cap [medication event monitoring 

system] and bottle 
•  Notification that there will be a pill count at every study visit 
•  Reinforcement that study pills may be TDF [tenofovir disproxil fumarate] or placebo 
•  Importance of calling the clinic if experiencing problems possibly related to study product such as 

symptoms, lost pills or MEMS® cap. 
 Subsequent sessions will occur at the follow-up visits. Participants will be asked about any 

problems they are having taking their study pills or using the MEMS® cap. There will be brief 
discussion of reasons for missed doses and simple strategies for enhancing adherence, eg, 
linking pill taking to meals or other daily activities. Participants will have an opportunity to ask 
questions and key messages from the initial session will be reviewed as needed . . . 

  Adherence assessments 
 To enhance validity of data, multiple methods will be used to assess medication adherence 
including pill count; an electronic medication event monitoring system (MEMS® cap) [reference]; 
and ACASI [audio-computer administered interview] questionnaire items including a one month 
visual analogue scale,[reference] reasons for non-compliance, and use of the MEMS® cap. 
Participants will return the unused tablets and bottle at each follow-up visit. Unused tablets will be 
counted and recorded on the appropriate CRF [case report form]. Electronic data collected in the 
MEMS® cap will be downloaded into a designated, secure study computer.” 153  
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 Explanation 

 The trial outcomes are fundamental to study design and 

interpretation of results. For a given intervention, an out-

come can generally reflect efficacy (beneficial effect) or 

harm (adverse e" ect). The outcomes of main interest are 

designated as primary outcomes, which usually appear in the 

objectives (Item 7) and sample size calculation (Item 14). The 

remaining outcomes constitute secondary or other outcomes. 

 For each outcome, the trial protocol should de& ne four 

components: the speci& c measurement variable, which cor-

responds to the data collected directly from trial participants 

(eg, Beck Depression Inventory score, all cause mortality); 

the participant-level analysis metric, which corresponds to 

the format of the outcome data that will be used from each 

trial participant for analysis (eg, change from baseline, & nal 

value, time to event); the method of aggregation, which refers 

to the summary measure format for each study group (eg, 

mean, proportion with score > 2); and the speci& c measure-

ment time point of interest for analysis. 163  

 It is also important to explain the rationale for the choice of 

trial outcomes. An ideal outcome is valid, reproducible, rel-

evant to the target population (eg, patients), and responsive 

to changes in the health condition being studied. 67  The use of 

a continuous versus dichotomous method of aggregation can 

a" ect study power and estimates of treatment e" ect, 164    165  and 

subjective outcomes are more prone to bias from inadequate 

blinding (ascertainment bias) and allocation concealment 

(selection bias) than objective outcomes. 166    167  Although 

composite outcomes increase event rates and statistical 

power, their relevance and interpretation can be unclear if 

the individual component outcomes vary greatly in event 

rates, importance to patients, or amount of missing data. 168  -  171  

 The number of primary outcomes should be as small as 

possible. Although up to 38% of trials de& ne multiple pri-

mary outcomes, 4    35    163  this practice can introduce problems 

with multiplicity, selective reporting, and interpretation when 

there are inconsistent results across outcomes. Problems also 

arise when trial protocols do not designate any primary out-

comes, as seen in half (28/59) of protocols for a sample of tri-

als published from 2002-2008, 12  and in 25% of randomised 

trial protocols that received ethics approval in Denmark in 

1994-95. 4  Furthermore, major discrepancies in the primary 

outcomes designated in protocols/registries/regulatory sub-

missions versus & nal trial publications are common; favour 

the reporting of statistically signi& cant primary outcomes 

over non-signi& cant ones; and are o# en not acknowledged 

in & nal publications. 172  -  176  Such bias can only be identi& ed 

and deterred if trial outcomes are clearly de& ned beforehand 

in the protocol and if protocol information is made public. 177  

 Where possible, the development and adoption of a com-

mon set of key trial outcomes within a specialty can help to 

deter selective reporting of outcomes and to facilitate compari-

sons and pooling of results across trials in a meta-analysis. 178  -  180  

The COMET (Core Outcome Measures in E" ectiveness Trials) 

Initiative aims to facilitate the development and application of 

such standardised sets of core outcomes for clinical trials of spe-

ci& c conditions ( www.comet-initiative.org ). Trial investigators 

are encouraged to ascertain whether there is a core outcome 

set relevant to their trial and, if so, to include those outcomes in 

their trial. Existence of a common set of outcomes does not pre-

clude inclusion of additional relevant outcomes for a given trial. 

 Outcomes 

 Item 12: Primary, secondary, and other outcomes, 

including the specific measurement variable (eg, systolic 

blood pressure), analysis metric (eg, change from baseline, 

final value, time to event), method of aggregation (eg, 

median, proportion), and time point for each outcome. 

Explanation of the clinical relevance of chosen efficacy and 

harm outcomes is strongly recommended   

 Example 

 “ 2. Rescue Medication  
  For weeks 0-3 , topical mometasone furoate 0.1% cream or ointment (30 g/week) will be permitted 

with participants preferably using ointment. Participants will be instructed to apply the topical 
mometasone furoate to blisters/lesions as required (not to areas of unaffected skin). If the participant 
is allergic to mometasone furoate or the hospital pharmacy does not stock it, then an alternative 
topical steroid may be prescribed but this must be in the potent class. In addition, participants will be 
advised that they can apply a light moisturiser to blisters/lesions at any time during the study. 

  For weeks 3-6 , use of mometasone furoate (or other topical corticosteroids) is strongly discouraged 
to prevent potential systemic effects. Accidental use of mometasone furoate or other potent topical 
steroid during this period will be classified as a protocol deviation. 

  After week 6 , potent topical corticosteroids (up to 30 g/week) may be used to treat symptoms 
and localised disease if they would have normally been used as part of normal clinical care by the 
physician in charge of that patient. This must be recorded on the trial treatment log. 

 However, those patients who are on a dose reducing regime for oral steroids, 30 g/week of a 
“potent” topical steroid will be allowed. 

 3. Prohibited Concomitant Medications 
 The administration of live virus vaccines is not permitted for all participants during weeks 0-6 as the 

investigator is blinded to treatment allocation, and must therefore warn all participants to refrain for 
[sic] having a live virus vaccine. However, after week 6, once the investigator knows which medication 
the participant is on, only those taking prednisolone will not be allowed live virus vaccines. 
 Participants should continue to take medications for other conditions as normal. However, if it is 
anticipated that the participant will need a live virus vaccine during the intervention phase, they will 
be ineligible for entry into the study . . .” 50  

 Example 

 “1. Primary Outcome Measures 
•  Difference between the two treatment arms in the proportion of participants classed as treatment 

success at 6 weeks. Treatment success is defined as 3 or less significant blisters present on 
examination at 6 weeks. Significant blisters are defined as intact blisters containing fluid which are at 
least 5 mm in diameter. However, if the participant has popped a blister, or the blister is at a site that 
makes it susceptible to bursting such as the sole of the foot, it can be considered part of the blister 
count, providing there is a flexible (but not dry) roof present over a moist base. Mucosal blisters will 
be excluded from the count. 
 A survey of the UK DCTN [Dermatology Clinical Trials Network] membership showed that a point estimate 

of 25% inferiority in effectiveness would be acceptable assuming a gain in the safety profile of at least 10%. 
•  This measure of success was selected as it was considered to be more clinically relevant than a 

continuous measure of blister count. It would be less clinically relevant to perform an absolute blister 
count and report a percentage reduction. Instead, to state that treatment is considered a success if 
remission is achieved (ie the presence of three or less blisters on physical examination at 6 weeks) 
more closely reflects clinical practice. In addition, it is far less burdensome on investigators than 
including a full blister count, which would mean counting in the region of 50-60 blisters in many 
cases. This outcome measure will be performed as a single blind assessment. 

•  Difference between the two treatment arms in the proportion of participants reporting grade 3, 4 
and 5 (mortality) adverse events which are possibly, probably or definitely related to BP [bullous 
pemphigoid] medication in the 52 weeks following randomisation. A modified version of The 
Common Terminology Criteria for Adverse Events (CTCAE v3.0) will be used to grade adverse events. 
At each study visit, participants will be questioned about adverse events they have experienced since 
the last study visit (using a standard list of known side effects of the two study drugs). 

 2. Secondary Outcome Measures 
 For the secondary and tertiary endpoints a participant will be classed as a treatment success if they have 3 
or less significant blisters present on examination and have not had their treatment modified (changed or 
dose increased) on account of a poor response. 
•  Difference in the proportion of participants who are classed as a treatment success at 6 weeks. 
•  Difference in the proportion of participants in each treatment arm who are classed as treatment 

success at 6 weeks and are alive at 52 weeks. This measure will provide a good overall comparison of 
the two treatment arms.” 50  
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 Explanation 

 A clear and concise timeline of the study visits, enrolment 

process, interventions, and assessments performed on 

participants can help to guide trial conduct and enable 

external review of participant burden and feasibility. 

These factors can also a" ect the decision of potential 

investigators and participants to join the trial (Item 15). 91  

 A schematic diagram is highly recommended to e8  ciently 

present the overall schedule and time commitment for trial 

participants in each study group. Though various presenta-

tion formats exist, key information to convey includes the 

timing of each visit, starting from initial eligibility screen-

ing through to study close-out; time periods during which 

trial interventions will be administered; and the procedures 

and assessments performed at each visit (with reference to 

speci& c data collection forms, if relevant) (& g 1). 

 Sample size 

 Item 14: Estimated number of participants needed to 

achieve study objectives and how it was determined, 

including clinical and statistical assumptions supporting 

any sample size calculations   

 Explanation 

 The planned number of trial participants is a key aspect of 

study design, budgeting, and feasibility that is usually deter-

mined using a formal sample size calculation. If the planned 

sample size is not derived statistically, then this should be 

explicitly stated along with a rationale for the intended sam-

ple size (eg, exploratory nature of pilot studies; pragmatic 

considerations for trials in rare diseases). 17    184  

 For trials that involve a formal sample size calculation, 

the guiding principle is that the planned sample size should 

be large enough to have a high probability (power) of detect-

ing a true e" ect of a given magnitude, should it exist. Sam-

ple size calculations are generally based on one primary 

outcome; however, it may also be worthwhile to plan for 

adequate study power or report the power that will be avail-

able (given the proposed sample size) for other important 

outcomes or analyses because trials are o# en underpowered 

to detect harms or subgroup e" ects. 185    186  

 Among randomised trial protocols that describe a sample 

size calculation, 4-40% do not state all components of the 

calculation. 6    11  The protocol should generally include the 

following: the outcome (Item 12); the values assumed for 

the outcome in each study group (eg, proportion with event, 

or mean and standard deviation) (table 4); the statistical test 

(Item 20a); alpha (type 1 error) level; power; and the calcu-

lated sample size per group—both assuming no loss of data 

and, if relevant, a# er any in1 ation for anticipated missing 

data (Item 20c). Trial investigators are also encouraged 

 Participant timeline 

  Item 13: Time schedule of enrolment, interventions 

(including any run-ins and washouts), assessments, 

and visits for participants. A schematic diagram is highly 

recommended (see fig 1  )    

Fig 2: Flow of participants 182 

 Examples 

 “The main outcomes of interest are the drug and sex-related HIV and HCV [hepatitis C virus] risk 
behaviors . . . Clients will be assessed using the full battery of instruments from the Common 
Assessment Battery (CAB), along with the Self-Efficacy and Stages of Change questionnaires and 
a Urine Drug Screen after consenting . . . questionnaires will take place for all participants 14-30 
days after randomization during which they will be given the Stages of Change and Self-Efficacy 
questionnaires, the Timeline Follow-Back, and a UA [urine analysis]. Follow-up interviews, using 
the full battery (CAB and questionnaires), will be collected at 2 months (56 days), 4 months (112 
days) and 6 months (168 days) after the randomization date. A 14 day window, defined as 7 days 
before and 7 days after the due date, will be available to complete the 2 and 4 month follow-up 
interviews and a 28 day window, defined as 7 days before and 21 days after the due date, will be 
available to complete the 6 month follow up interview . . .  

 7.1.1 Common Assessment Battery (CAB) 

 A Demographic Questionnaire . . . 

 The Composite International Diagnostic Interview Version 2.1 . . . 

 The Addiction Severity Index-Lite (ASI-Lite) . . . 

 The Risk Behavior Survey (RBS), . . . 

 7.1.2 Additional Interviews/Questionnaires 
 To assess drug use, urinalysis for morphine, cocaine, amphetamine, and methamphetamine will 
be performed at the 2-Week Interim Visit, and the 2-, 4-, and 6-month Follow-up visits . . . 

 Stage of change for quitting drug use will be measured using a modification of the 

 Motivation Scales [table 3]  . . .” 181      

“The trial consists of a 12-week intervention treatment phase with a 40-week follow-up phase. 
The total trial period will be 12 months. As shown . . . measurements will be undertaken at four 
time-points in each group: at baseline, directly after completing the 12-week internet program, 
and at six and 12-month follow-up [see fig 2].”182

 Table 4 | Outcome values to report in sample size calculation 

Type of summary outcome

Element Binary Continuous Time to event

Assumed result for 
each study group

Proportion (%) 
with event

Mean and 
standard 
deviation

Proportion (%) 
with event at a 
given time point

Effect measure Relative risk, 
odds ratio

Difference in 
means

Hazard ratio

 Note: Although the sample size calculation uses the expected outcome value 

for each group, the corresponding contrast between groups (estimated effect) 

should also be reported. 
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Table 3 | HIV/HCV risk reduction protocol schedule of forms and procedures (adapted from original table 181 )

-1 0 T1 T2 F1 F2 F3

Activity/ assessment
CRF 
(Yes/No) Staff member

Approximate 
time to 
complete (min)

Prestudy 
screening/
consent

Prestudy 
baseline/ 
randomisation

Study 
visit 1

Study/interim 
visit 2 and/or 2 
week interim

Follow-up 
2 months

Follow-up 
4-months

Follow-up 
6-months

Prescreening consent No Study coordinator 5 X

Screening log No Study coordinator 5 X

Consent form/quiz No Study coordinator 45 X

Inclusion/  exclusion form Yes Study coordinator N/A X

Urine screen Yes Study coordinator 10 X X X X X

Locator form No Interviewer 10 X Update X Update X Update X

Demographics questionnaire Yes Interviewer 10 X

Addiction severity index (ASI) lite Yes Interviewer 45 X X X X

Composite international diagnostic 
interview)

Yes Interviewer 45 X

HIV risk behaviour survey Yes Interviewer 15 X X X X

Timeline follow back Yes Interviewer 5 X X X X

Self efficacy Yes Interviewer 5 X X X X X

Stage of change Yes Interviewer 5 X X X X X

Randomisation Yes Study coordinator 15 X

Voluntary blood sample  Counselling 
and education intervention (treatment 
group)

Yes Study phlebotomist 15 X X

All groups, optional blood sample at 
study close

Yes Study phlebotomist 15 X

Termination form Yes Study coordinator N/A X

Serious adverse event form Yes Study coordinator N/A As needed throughout protocol

Progress notes No All team members N/A X X X X X X X

Communication log No All team members N/A Every phone or in-person contact outside of a regular visit

 “The sample size was calculated on the basis of the 
primary hypothesis. In the exploratory study,[reference] 
those referred to PEPS [psychoeducation with problem 
solving] had a greater improvement in social functioning 
at 6 month follow-up equivalent to 1.05 points on the 
SFQ [Social Functioning Questionnaire]. However, a 
number of people received PEPS who were not included 
in the trial (eg, the wait-list control) and, for this larger 
sample (N=93), the mean pre-post- treatment difference 
was 1.79 (pre-treatment mean=13.85, SD=4.21; 
post-treatment mean=12.06, SD=4.21). (Note: a lower 
SFQ score is more desirable). This difference of almost 
2 points accords with other evidence that this is a 
clinically significant and important difference.[reference] 
A reduction of 2 points or more on the SFQ at 1 year 
follow-up in an RCT of cognitive behaviour therapy in 
health anxiety was associated with a halving of secondary 
care appointments (1.24.vs 0.65), a clinically significant 
reduction in the Hospital Anxiety and Depression Scale 
(HADS[reference]) Anxiety score of 2.5 (9.9 vs 7.45) 
and a reduction in health anxiety (the main outcome) 
of 5.6 points (17.8 vs 12.2) (11 is a normal population 
score and 18 is pathological).[reference] These findings 
suggest that improvements in social functioning may 
accrue over 1 year, hence we expect to find a greater 
magnitude of response at the 72 week follow-up than we 
did in the exploratory trial. Therefore, we have powered 
this trial to be able to detect a difference in SFQ score of 2 
points. SFQ standard deviations vary between treatment, 
control, and the wait-list samples, ranging from 3.78 to 
4.53. We have based our sample size estimate on the 
most conservative (ie, largest) SD [standard deviation]. 
To detect a mean difference in SFQ score of 2 point (SD = 
4.53) at 72 weeks with a two-sided significance level of 
1% and power of 80% with equal allocation to two arms 

would require 120 patients in each arm of the trial. To 
allow for 30% drop out, 170 will be recruited per arm, ie, 
340 in total.” 183  

 “Superficial and deep incisional surgical site infection 
rates for patients in the PDS II® [polydioxanone suture] 
group are estimated to occur at a rate of 0.12.[reference] 
The trials by [reference] have shown a reduction of SSI 
[surgical site infections] of more than 50% (from 10.8% 
to 4.9% and from 9.2% to 4.3% respectively). Therefore, 
we estimate a rate of 0.06 for PDS Plus® [triclosan-
coated continuous polydioxanone suture]. 

 For a fixed sample size design, the sample size 
required to achieve a power of 1-β=0.80 for the 
one-sided chi-square test at level α=0.025 under 
these assumptions amounts to 2×356=712 (nQuery 
Advisor®, version 7.0). It can be expected that including 
covariates of prognostic importance in the logistic 
regression model as defined for the confirmatory 
analysis will increase the power as compared to the 
chi-square test. As the individual results for the primary 
endpoint are available within 30 days after surgery, the 
drop-out rate is expected to be small. Nevertheless, 
a potential dilution of the treatment effect due to 
drop-outs is taken into account (eg no photographs 
available, loss to follow up); it is assumed that this 
can be compensated by additional 5% of patients to 
be randomized, and therefore the total sample size 
required for a fixed sample size design amounts to 
n=712+38=750 patients. 

 . . . 
 An adaptive interim analysis [reference] will be 

performed after availability of the results for the 
primary endpoint for a total of 375 randomized 
patients (ie, 50% of the number of patients required in 
a fixed sample size design). The following type I error 

rates and decision boundaries for the interim and the 
final analysis are specified: 

 • Overall one-sided type I error rate: 0.025 

 • Boundary for the one-sided p-value of the first stage 
for accepting the null-hypothesis within the interim 
analysis: α 0 =0.5 

 • One-sided local type I error rate for testing the null-
hypothesis within the interim analysis: α 1 =0.0102 

 • Boundary for the product of the one-sided p-values of 
both stages for the rejection of the null-hypothesis in the 
final analysis: cα=0.0038 

 If the trial will be continued with a second stage after 
the interim analysis (this is possible if for the one-sided 
p-value p 1  of the interim analysis p 1 ∈]0.0102,0.5[ [ie 
0.5≥P 1 ≥0.0102] holds true, the results of the interim 
analysis can be taken into account for a recalculation of 
the required sample size. If the sample size recalculation 
leads to the conclusion that more than 1200 patients 
are required, the study is stopped, because the related 
treatment group difference is judged to be of minor 
clinical importance. 

 . . . 
 The actually achieved sample size is then not fixed but 
random, and a variety of scenarios can be considered. 
If the sample size is calculated under the same 
assumptions with respect to the SSI rates for the two 
groups, applying the same the overall significance level 
of α=0.025 (one-sided) but employing additionally 
the defined stopping boundaries and recalculating the 
sample size for the second stage at a conditional power 
of 80% on the basis of the SSI rates observed in the 
interim analysis results in an average total sample size 
of n=766 patients; the overall power of the study is then 
90% (ADDPLAN®, version 5.0).” 100  

 Examples 
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to provide a rationale or reference for the outcome values 

assumed for each study group. 187  The values of certain pre-

speci& ed variables tend to be inappropriately in1 ated (eg, 

clinically important treatment e" ect size) 188    189  or underes-

timated (eg, standard deviation for continuous outcomes), 190  

leading to trials having less power in the end than what was 

originally calculated. Finally, when uncertainty of a sam-

ple size estimate is acknowledged, methods exist for re-

estimating sample size. 191  The intended use of such an adap-

tive design approach should be stated in the protocol.   

 For designs and frameworks other than parallel group 

superiority trials, additional elements are required in the 

sample size calculation. For example, an estimate of the 

standard deviation of within-person changes from baseline 

should be included for crossover trials 192 ; the intracluster 

correlation coe8  cient for cluster randomised trials 193 ; and 

the equivalence or non-inferiority margin for equivalence 

or non-inferiority trials respectively. 108    194  Such elements 

are o# en not described in & nal trial reports, 110    195  -   198  and 

it is unclear how o# en they are speci& ed in the protocol. 

 Complete description of sample size calculations in the 

protocol enables an assessment of whether the trial will be 

adequately powered to detect a clinically important di" er-

ence. 189    199  -   206  It also promotes transparency and discour-

ages inappropriate post hoc revision that is intended to 

support a favourable interpretation of results or portray con-

sistency between planned and achieved sample sizes. 6    207  

 Recruitment 

 Item 15: Strategies for achieving adequate participant 

enrolment to reach target sample size   

 Explanation 

 The main goal of recruitment is to meet the target sam-

ple size (Item 14). However, recruitment di8  culties are 

commonly encountered in clinical trials. 209  -  213  For exam-

ple, reviews of government funded trials in the US and 

UK found that two thirds did not reach their recruitment 

targets. 214    215  Low enrolment will reduce statistical power 

and can lead to early trial stoppage or to extensions with 

delayed results and greater costs. 

 Strategies to promote adequate enrolment are thus impor-

tant to consider during trial planning. Recruitment strate-

gies can vary depending on the trial topic, context, and site. 

Di" erent recruitment methods can substantially a" ect the 

number and type of trial participants recruited 128    209    216  -   220  

and can incur di" erent costs. 221  -  223  Design issues such as the 

number and stringency of eligibility criteria will also directly 

a" ect the number of eligible trial participants. 

 Protocol descriptions of where participants will be 

recruited (eg, primary care clinic, community), by whom 

(eg, surgeon), when (eg, time a# er diagnosis), and how (eg, 

advertisements, review of health records) can be helpful 

for assessing the feasibility of achieving the target sample 

size and the applicability of the trial results in practice. 

Other relevant information to explicitly provide in the 

protocol includes expected recruitment rates, duration of 

the recruitment period, plans to monitor recruitment dur-

ing the trial, and any & nancial or non-& nancial incentives 

provided to trial investigators or participants for enrolment 

(Item 4). If strategies di" er by site in m ulticentre trials, 

these should be detailed to the extent possible. 

 Example 

 “Each center will screen subjects to achieve screening percentages 
of 50% women and 33% minority; screening will continue until 
the target population is achieved (12 subjects/site). We recognize 
that, because of exclusion by genotype and genotypic variation 
among diverse populations,[reference], the enrolled cohort may 
not reflect the screened population. The enrollment period will 
extend over 12 months. 

Recruitment Strategy
Each clinical center involved in the ACRN [Asthma Clinical Research 
Network] was chosen based on documentation for patient 
availability, among other things. It is, however, worthy to note the 
specific plans of each center.
. . . The Asthma Clinical Research Center at the Brigham & Women’s 
Hospital utilizes three primary resources for identifying and 
recruiting potential subjects as described below.
1. Research Patient Database
The Asthma Clinical Research Center at the Brigham and Women’s 
Hospital has a database of over 1,500 asthmatics . . .
2. Asthma Patient Lists . . .
3. Advertisements . . .
. . . the Madison ACRN site has utilized some additional approaches 
to target minority recruitment. We have utilized a marketing expert 
to coordinate and oversee our overall efforts in recruiting and 
retaining minorities. . . . As a result of his efforts, we have advertised 
widely in newspapers and other publications that target ethnic 
minorities, established contacts with various ethnic community, 
university, church, and business groups, and conducted 
community-based asthma programs . . . For example, student 
groups such as AHANA (a pre-health careers organization focusing 
on minority concerns) will be contacted. . . . In addition, we will 
utilize published examples of successful retention strategies such 
as frequent payment of subject honoraria as study landmarks are 
achieved and study participant group social events. Study visits 
will be carefully planned and scheduled to avoid exam-time and 
university calendar breaks . . .
The Harlem Hospital Center Emergency Department (ED) sees an 
average of eight adult patients per day for asthma. Through the 
REACH (Reducing Emergency Asthma Care in Harlem) project, we 
have . . . successfully recruited and interviewed 380 patients from 
the ED . . .
Responses to inquiries about participation in research studies 
are answered by a dedicated phone line that is manned during 
business hours and answered by voicemail at all other times. A 
research assistant responds to each inquiry immediately, using a 
screening instrument . . .
Patients are recruited for clinical trials at the Jefferson Center through 
two primary mechanisms: (1) local advertising; and (2) identification 
in the asthma patient registry (database). Local advertising takes 
advantage of the printed as well as the audio-visual media. Printed 
media include . . . All advertising in the printed and audio-visual 
media has prior approval of the Institutional Review Board.
The Jefferson patient registry (database) has been maintained 
since 1992 and currently contains 3,100 patients . . . It is estimated 
that 300-400 new asthmatic patients are seen each year, while 
a smaller number become inactive due to relocation, change of 
health care provider, etc. Once identified in the database, patients 
potentially eligible for a specific study are contacted by the nurse 
coordinator who explains the study and ascertains the patient’s 
interest. If interested, the patient is seen in the clinical research 
laboratories where more detailed evaluations are made . . .
Each subject will receive financial compensation within FDA 
[Food and Drug Administration] guidelines for participation in an 
amount determined by the local center. For subjects who drop out, 
payments will be pro-rated for the length of time they stayed in the 
study, but payment will not be made until the study would have 
been completed had the subject not dropped out.”208 
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as these terms have been used inappropriately to describe 

non-random, deterministic allocation methods such as 

alternation or allocation by date of birth. 121  In general, 

these non-random allocation methods introduce selec-

tion bias and biased estimates of an intervention’s e" ect 

size, 17    167    228    229  mainly due to the lack of allocation con-

cealment (Item 16b). If non-random allocation is planned, 

then the speci& c method and rationale should be stated. 

 Box 1 outlines the key elements of the random sequence 

that should be detailed in the protocol. Three quarters of 

randomised trial protocols approved by a research ethics 

committee in Denmark (1994-95) or conducted by a US 

cooperative cancer research group (1968-2006) did not 

describe the method of sequence generation. 2    11    

 Section 3b: Methods—assignment of interventions (for 

controlled trials) 

 Allocation—sequence generation 

 Item 16a: Method of generating the allocation sequence 

(eg, computer-generated random numbers) and list of any 

factors for stratification. To reduce predictability of a random 

sequence, details of any planned restriction (eg, blocking) 

should be provided in a separate document that is unavailable 

to those who enrol participants or assign interventions   

 Explanation 

 Participants in a randomised trial should be assigned to 

study groups using a random (chance) process character-

ised by unpredictability of assignments. Randomisation 

decreases selection bias in allocation; helps to facilitate 

blinding/masking a# er allocation; and enables the use of 

probability theory to test whether any di" erence in out-

come between intervention groups re1 ects chance. 17    225  -   227  

 Use of terms such as “randomisation” without further elab-

oration is not su8  cient to describe the allocation process, 

 Box 1 | Key elements of random sequence to specify in trial 
protocols 

•  Method of sequence generation (eg, random number table or 
computerised random number generator) 

•  Allocation ratio (Item 8) (eg, whether participants are allocated 
with equal or unequal probabilities to interventions) 

•  Type of randomisation (box 2): simple versus restricted; fixed 
versus adaptive (eg, minimisation); and, where relevant, the 
reasons for such choices 

•  If applicable, the factors (eg, recruitment site, sex, disease stage) 
to be used for stratification (box 2), including categories and 
relevant cut-off boundaries 

 Simple randomisation 
 Randomisation based solely on a single, constant allocation 
ratio is known as simple randomisation. Simple randomisation 
with a 1:1 allocation ratio is analogous to a coin toss, although 
tossing a coin is not recommended for sequence generation. 
No other allocation approach, regardless of its real or 
supposed sophistication, surpasses the bias prevention and 
unpredictability of simple randomisation. 231  

 Restricted randomisation 
 Any randomised approach that is not simple randomisation is 
restricted. Blocked randomisation is the most common form. 
Other forms, used much less frequently, are methods such as 
replacement randomisation, biased coin, and urn randomisation. 231  

 Blocked randomisation 
 Blocked randomisation (also called permuted block randomisation) 
assures that study groups of approximately the same size will be 
generated when an allocation ratio of 1:1 is used. Blocking can 
also ensure close balance of the numbers in each group at any time 
during the trial. After every block of eight participants, for example, 
four would have been allocated to each trial group. 232  Improved 
balance comes at the cost of reducing the unpredictability of the 
sequence. Although the order of interventions varies randomly 
within each block, a person running the trial could deduce some of 
the next treatment allocations if they discovered the block size. 233  
Blinding the interventions, using larger block sizes, and randomly 
varying the block size will help to avoid this problem. 

 Biased coin and urn randomisation 
 Biased coin designs attain the similar objective as blocked designs 
without forcing strict equality. They therefore preserve much of the 
unpredictability associated with simple randomisation. Biased-coin 
designs alter the allocation ratio during the course of the trial to rectify 
imbalances that might be occurring. 231  Adaptive biased-coin designs, 
such as the urn design, vary allocation ratios based on the magnitude 
of the imbalance. However, these approaches are used infrequently. 

 Stratified randomisation 
 Stratification is used to ensure good balance of participant 
characteristics in each group. Without stratification, study groups 
may not be well matched for baseline characteristics, such as age 
and stage of disease, especially in small trials. Such imbalances can 
be avoided without sacrificing the advantages of randomisation. 
Stratified randomisation is achieved by performing a separate 
randomisation procedure within each of two or more strata of 
participants (eg, categories of age or baseline disease severity), 
ensuring that the numbers of participants receiving each intervention 
are closely balanced within each stratum. Stratification requires some 
form of restriction (eg, blocking within strata) in order to be effective. 
The number of strata should be limited to avoid over-stratification. 234  
Stratification by centre is common in multicentre trials. 

 Minimisation 
 Minimisation assures similar distribution of selected participant 
factors between study groups. 230    235  Randomisation lists are not set 
up in advance. The first participant is truly randomly allocated; for 
each subsequent participant, the treatment allocation that minimises 
the imbalance on the selected factors between groups at that time is 
identified. That allocation may then be used, or a choice may be made 
at random with a heavy weighting in favour of the intervention that 
would minimise imbalance (for example, with a probability of 0.8). The 
use of a random component is generally preferable. 236  Minimisation 
has the advantage of making small groups closely similar in terms of 
participant characteristics at all stages of the trial. 

 Minimisation offers the only acceptable alternative to 
randomisation, and some have argued that it is superior. 237  On the 
other hand, minimisation lacks the theoretical basis for eliminating 
bias on all known and unknown factors. Nevertheless, in general, trials 
that use minimisation are considered methodologically equivalent to 
randomised trials, even when a random element is not incorporated. 
For SPIRIT, minimisation is considered a restricted randomisation 
approach without any judgment as to whether it is superior or inferior 
compared to other restricted randomisation approaches. 

 Box 2 |  Randomisation and minimisation (adapted from CONSORT 2010 Explanation and Elaboration) 17   230   231  

 Example 

 “Participants will be randomly assigned to either control or 
experimental group with a 1:1 allocation as per a computer 
generated randomisation schedule stratified by site and the 
baseline score of the Action Arm Research Test (ARAT; <=21 
versus >21) using permuted blocks of random sizes. The block 
sizes will not be disclosed, to ensure concealment.” 224  
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to provide informed consent, or a recruiter’s decision to 

enrol a participant, is not in1 uenced by knowledge of the 

group to which they will be allocated if they join the trial. 242  

Allocation concealment should not be confused with blind-

ing (masking) (Item 17) (table 5). 243    

 Without adequate allocation concealment, even ran-

dom, unpredictable assignment sequences can be sub-

verted. 233    241  For example, a common practice is to enclose 

assignments in sequentially numbered, sealed envelopes. 

However, if the envelopes are not opaque and contents are 

visible when held up to a light source, or if the envelopes 

can be unsealed and resealed, then this method of alloca-

tion concealment can be corrupted. 

 Protocols should describe the planned allocation 

concealment mechanism in sufficient detail to enable 

assessment of its adequacy. In one study of randomised 

trial protocols in Denmark, over half did not adequately 

describe allocation concealment methods. 2  In contrast, 

central randomisation was stated as the allocation con-

cealment method in all phase III trial protocols initiated 

in 1968-2003 by a cooperative cancer research group that 

used extensive protocol review processes. 11  Like sequence 

generation, inadequate reporting of allocation conceal-

ment in trial publications is common and has been asso-

ciated with in1 ated e" ect size estimates. 167    244    245  

 Allocation—implementation 

 Item 16c: Who will generate the allocation sequence, who 

will enrol participants, and who will assign participants 

to interventions   

 Explanation 

 Based on the risk of bias associated with some methods 

of sequence generation and inadequate allocation con-

cealment, trial investigators should strive for complete 

separation of the individuals involved in the steps before 

enrolment (sequence generation process and allocation 

concealment mechanism) from those involved in the imple-

mentation of study group assignments. When this separa-

tion is not possible, it is important for the investigators to 

 Box 2 de& nes the various types of randomisation, includ-

ing minimisation. When restricted randomisation is used, 

certain details should not appear in the protocol in order 

to reduce predictability of the random sequence (box 3). 

The details should instead be described in a separate docu-

ment that is unavailable to trial implementers. For blocked 

randomisation, this information would include details on 

how the blocks will be generated (eg, permuted blocks by 

a computer random number generator), the block size(s), 

and whether the block size will be & xed or randomly var-

ied. Specific block size was provided in 14/102 (14%) 

randomised trial protocols approved by a Danish research 

ethics committee in 1994-95, potentially compromising 

allocation concealment. 2  For trials using minimisation, it 

is also important to state the details in a separate document, 

including whether random elements will be used.   

 Allocation—concealment mechanism 

 Item 16b: Mechanism of implementing the allocation 

sequence (eg, central telephone; sequentially numbered, 

opaque, sealed envelopes), describing any steps to 

conceal the sequence until interventions are assigned 

 Explanation 

 Successful randomisation in practice depends on two 

interrelated aspects: 1) generation of an unpredictable 

allocation sequence (Item 16a) and 2) concealment of 

that sequence until assignment irreversibly occurs. 233    241  

The allocation concealment mechanism aims to prevent 

participants and recruiters from knowing the study group 

to which the next participant will be assigned. Allocation 

concealment helps to ensure that a participant’s decision 

 Box 3 | Need for a separate document to describe restricted randomisation 

 If some type of restricted randomisation approach is to be used, in particular blocked randomisation 
or minimisation, then the knowledge of the specific details could lead to bias. 238    239  For example, 
if the trial protocol for a two arm, parallel group trial with a 1:1 allocation ratio states that blocked 
randomisation will be used and the block size will be six, then trial implementers know that the 
intervention assignments will balance every six participants. Thus, if intervention assignments 
become known after assignment, knowing the block size will allow trial implementers to predict 
when equality of the sample sizes will arise. A sequence can be discerned from the pattern of past 
assignments and then some future assignments could be accurately predicted. For example, if part of 
a sequence contained two “As” and three “Bs,” trial implementers would know the last assignment in 
the sequence would be an “A.” If the first three assignments in a sequence contained three “As,” trial 
implementers would know the last three assignments in that sequence would be three “Bs.” Selection 
bias could result, regardless of the effectiveness of allocation concealment (Item 16b). 

 Of course, this is mainly a problem in open label trials, where everyone becomes aware of the 
intervention after assignment. It can also be a problem in trials where everyone is supposedly blinded 
(masked), but the blinding is ineffective or the intervention harms provide clues such that treatments 
can be guessed. 
 We recommend that trial investigators do not provide full details of a restricted randomisation 
scheme (including minimisation) in the trial protocol. Knowledge of these details might undermine 
randomisation by facilitating deciphering of the allocation sequence. Instead, this specific 
information should be provided in a separate document with restricted access. However, simple 
randomisation procedures could be reported in detail in the protocol, because simple randomisation 
is totally unpredictable. 

 Example 

 “Participants will be randomised using TENALEA, which is an 
online, central randomisation service . . . Allocation concealment 
will be ensured, as the service will not release the randomisation 
code until the patient has been recruited into the trial, which takes 
place after all baseline measurements have been completed.” 240  

 Table 5 | Differences between allocation concealment and 

blinding (masking) for trials with individual randomisation 

Allocation 
concealment Blinding 

Definition Unawareness of the 
next study group 
assignment in the 
allocation sequence

Unawareness of the 
study group to which trial 
participants have already 
been assigned

Purpose Prevent selection bias 
by facilitating enrolment 
of comparable 
participants in each 
study group

Prevent ascertainment, 
performance, and attrition 
biases by facilitating 
comparable concomitant care 
(aside from trial interventions) 
and evaluation of participants 
in each study group

Timing of 
implementation

Before study group 
assignment

Upon study group 
assignment and beyond

Who is kept 
unaware

Trial participants and 
individuals enrolling 
them

One or more of the 
following: trial participants, 
investigators, care providers, 
outcome assessors.  
Other groups: endpoint 
adjudication committee, 
data handlers, data analysts

Always possible to 
implement?

Yes No
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tees (Item 5d), data analysts, 253  and manuscript writers. 

Blinding of data monitoring committees is generally dis-

couraged. 254    255  

 When blinding of trial participants and care providers 

is not possible because of obvious di" erences between the 

interventions, 256    257  blinding of the outcome assessors can 

o# en still be implemented. 17  It may also be possible to blind 

participants or trial personnel to the study hypothesis in 

terms of which intervention is considered active. For exam-

ple, in a trial evaluating light therapy for depression, par-

ticipants were informed that the study involved testing two 

di" erent forms of light therapy, whereas the true hypothesis 

was that bright blue light was considered potentially e" ec-

tive and that dim red light was considered placebo. 258  

 Despite its importance, blinding is often poorly 

described in trial protocols. 3  The protocol should explicitly 

state who will be blinded to intervention groups—at a mini-

mum, the blinding status of trial participants, care provid-

ers, and outcome assessors. Such a description is much 

preferred over the use of ambiguous terminology such as 

“single blind” or “double blind.” 259    260  Protocols should 

also describe the comparability of blinded interventions 

(Item 11a) 150 —for example, similarities in appearance, use 

of speci& c 1 avours to mask a distinctive taste—and the tim-

ing of & nal unblinding of all trial participants (eg, a# er the 

creation of a locked analysis data set). 3  

 Furthermore, any strategies to reduce the potential for 

unblinding should be described in the protocol, such as pre-

trial testing of blinding procedures. 261  The use of a & xed code 

(versus a unique code for each participant) to denote each 

study group assignment (eg, A=Group 1; B=Group 2) can be 

problematic, as the unblinding of one participant will result 

in the inadvertent loss of blinding for all trial participants. 

 Some have suggested that the success of blinding be for-

mally tested by asking key trial persons to guess the study 

group assignment and comparing these responses to what 

would be expected by chance. 262  However, it is unclear how 

best to interpret the results of such tests. 263    264  If done, the 

planned testing methods should be described in the trial 

protocol. 

 Blinding (masking)—emergency unblinding 

 Item 17b: If blinded, circumstances under which 

unblinding is permissible and procedure for revealing a 

participant’s allocated intervention during the trial   

 Explanation 

 Among 58 blinded Danish trials approved in 1994-95, 

three quarters of protocols described emergency unblind-

ing procedures. 3  Such procedures to reveal the assigned 

intervention in certain circumstances are intended to 

increase the safety of trial participants by informing the 

clinical management of harms or other relevant conditions 

that arise. A clear protocol description of the conditions 

and procedures for emergency unblinding helps to pre-

vent unnecessary unblinding; facilitates implementation 

by trial personnel when indicated; and enables evalua-

tion of the appropriateness of the planned procedures. In 

some cases (eg, minor, reversible harms), stopping and 

then cautiously reintroducing the assigned intervention 

in the a" ected participant can avoid both unblinding and 

further harm. 

ensure that the assignment schedule is unpredictable and 

locked away from even the person who generated it. The 

protocol should specify who will implement the various 

stages of the randomisation process, how and where the 

allocation list will be stored, and mechanisms employed to 

minimise the possibility that those enrolling and assigning 

participants will obtain access to the list. 

 Blinding (masking) 

 Item 17a: Who will be blinded after assignment to 

interventions (eg, trial participants, care providers, 

outcome assessors, data analysts) and how   

 Explanation 

 Blinding or masking (the process of keeping the study group 

assignment hidden a# er allocation) is commonly used to 

reduce the risk of bias in clinical trials with two or more study 

groups. 166    248  Awareness of the intervention assigned to par-

ticipants can introduce ascertainment bias in the measure-

ment of outcomes, particularly subjective ones (eg, quality 

of life) 166    167 ; performance bias in the decision to discontinue 

or modify study interventions (eg, dosing changes) (Item 

11b), concomitant interventions, or other aspects of care 

(Item 11d) 229 ; and exclusion/attrition bias in the decision 

to withdraw from the trial or to exclude a participant from 

the analysis. 249    250  We have elected to use the term “blind-

ing”  but acknowledge that others prefer the term “masking” 

because “blind” also relates to an ophthalmological condi-

tion and health outcome. 251    252  

 Many groups can be blinded: trial participants, care 

providers, data collectors, outcome assessors or commit-

 Example 

 “Randomization 
 All patients who give consent for participation and who fulfil the inclusion criteria will be randomized. 
Randomisation will be requested by the staff member responsible for recruitment and clinical 
interviews from CenTrial [Coordination Centre of Clinical Trials]. 

 In return, CenTrial will send an answer form to the study therapist who is not involved in assessing 
outcome of the study. This form will include a randomisation number. In every centre closed envelopes 
with printed randomisation numbers on it are available. For every randomisation number the 
corresponding code for the therapy group of the randomisation list will be found inside the envelopes. 
The therapist will open the envelope and will find the treatment condition to be conducted in this patient. 
The therapist then gives the information about treatment allocation to the patient. Staff responsible for 
recruitment and symptom ratings is not allowed to receive information about the group allocation. 

 . . . 
 The allocation sequence will be generated by the Institute for Medical Biometry (IMB) applying a 
permuted block design with random blocks stratified by study centre and medication compliance 
(favourable vs. unfavourable). . . . The block size will be concealed until the primary endpoint will be 
analysed. Throughout the study, the randomisation will be conducted by CenTrial in order to keep the 
data management and the statistician blind against the study condition as long as the data bank is open. 
The randomisation list remains with CenTrial for the whole duration of the study. Thus, randomisation 
will be conducted without any influence of the principal investigators, raters or therapists.” 246  

 Example 

 “Assessments regarding clinical recovery will be conducted 
by an assessor blind to treatment allocation. The assessor will 
go through a profound assessment training program . . .  Due 
to the nature of the intervention neither participants nor staff 
can be blinded to allocation, but are strongly inculcated not to 
disclose the allocation status of the participant at the follow 
up assessments. An employee outside the research team will 
feed data into the computer in separate datasheets so that 
the researchers can analyse data without having access to 
information about the allocation.” 247  
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reliability and validity, if known. Reference to where data 

collection forms can be found, if not in the protocol   

 Explanation 

 The validity and reliability of trial data depend on the quality 

of the data collection methods. The processes of acquiring 

and recording data o# en bene& t from attention to training of 

study personnel and use of standardised, pilot tested meth-

ods. These should be identical for all study groups, unless 

precluded by the nature of the intervention. 

 The choice of methods for outcome assessment can a" ect 

study conduct and results. 268  -  273  Substantially differ-

ent responses can be obtained for certain outcomes (eg, 

harms) depending on who answers the questions (eg, the 

participant or investigator) and how the questions are pre-

sented (eg, discrete options or open ended). 269    274  -   276  Also, 

when compared to paper based data collection, the use of 

electronic handheld devices and internet websites has the 

potential to improve protocol adherence, data accuracy, user 

acceptability, and timeliness of receiving data. 268    270    271    277  

 The quality of data also depends on the reliability, valid-

ity, and responsiveness of data collection instruments 

such as questionnaires 278  or laboratory instruments. 

Instruments with low inter-rater reliability will reduce 

 Section 3c: Methods—data collection, management, and 

analysis 

 Data collection methods 

 Item 18a: Plans for assessment and collection of outcome, 

baseline, and other trial data, including any related processes 

to promote data quality (eg, duplicate measurements, 

training of assessors) and a description of study instruments 

(eg, questionnaires, laboratory tests) along with their 

 Example 

 “To maintain the overall quality and legitimacy of the clinical trial, code breaks should occur only in 
exceptional circumstances when knowledge of the actual treatment is absolutely essential for further 
management of the patient. Investigators are encouraged to discuss with the Medical Advisor or PHRI 
[Population Health Research Institute] physician if he/she believes that unblinding is necessary. 

 If unblinding is deemed to be necessary, the investigator should use the system for emergency 
unblinding through the PHRI toll-free help line as the main system or through the local emergency 
number as the back-up system. 

 The Investigator is encouraged to maintain the blind as far as possible. The actual allocation 
must NOT be disclosed to the patient and/or other study personnel including other site personnel, 
monitors, corporate sponsors or project office staff; nor should there be any written or verbal 
disclosure of the code in any of the corresponding patient documents. 

 The Investigator must report all code breaks (with reason) as they occur on the corresponding CRF 
[case report form] page. 
 Unblinding should not necessarily be a reason for study drug discontinuation.” 265  

   “Primary outcome 
  Delirium recognition : In accordance with national 
guidelines [reference], the study will identify delirium 
by using the RASS [Richmond Agitation-Sedation 
Scale] and the CAM-ICU [Confusion Assessment 
Method for the intensive care unit] on all patients 
who are admitted directly from the emergency 
room or transferred from other services to the 
ICU. Such assessment will be performed after 
24 hours of ICU admission and twice daily until 
discharge from the hospital . . . RASS has excellent 
inter-rater reliability among adult medical and 
surgical ICU patients and has excellent validity 
when compared to a visual analogue scale and 
other selected sedation scales[reference] . . . The 
CAM-ICU was chosen because of its practical use 
in the ICU wards, its acceptable psychometric 
properties, and based on the recommendation 
of national guidelines[reference] . . . The CAM-ICU 
diagnosis of delirium was validated against the 
DSM-III-R [Diagnostic and Statistical Manual of 
Mental Disorders, Third Edition—Revised] delirium 
criteria determined by a psychiatrist and found to 
have a sensitivity of 97% and a specificity of 92%.
[reference] The CAM-ICU has been developed, 
validated and applied into ICU settings and multiple 
investigators have used the same method to identify 
patients with delirium.[reference] 

  Delirium severity : Since the CAM-ICU does not 
evaluate delirium severity, we selected the Delirium 
Rating Scale revised-1998 (DRS-R-98)[reference] . . . 
The DRS-R-98 was designed to evaluate the breadth 
of delirium symptoms for phenomenological studies 
in addition to measuring symptom severity with 
high sensitivity and specificity . . . The DRS-R-98 is a 
16-item clinician-rated scale with anchored items 
descriptions . . . The DRS-R-98 has excellent inter-rater 
reliability (intra-class correlation 0.97) and internal 
consistency (Cronbach ’ s alpha 0.94).[reference] 

 Secondary outcomes 
 The study will collect demographic and baseline 
functional information from the patient ’ s legally 
authorized representative and/or caregivers. 
Cognitive function status will be obtained by 
interviewing the patient ’ s legally authorized 
representative using the Informant Questionnaire on 
Cognitive Decline in the Elderly (IQCODE). IQCODE is 
a questionnaire that can be completed by a relative 
or other caregiver to determine whether that person 
has declined in cognitive functioning. The IQCODE 
lists 26 everyday situations . . . Each situation is 
rated by the informant for amount of change over the 
previous 10 years, using a Likert scale ranging from 
1-much improved to 5-much worse. The IQCODE has 
a sensitivity between 69% to 100% and specificity of 
80% to 96% for dementia.[reference] 

 Utilizing the electronic medical record system 
(RMRS), we will collect several data points of interest 
at baseline and throughout the study period . . 
. We have previously defined hospital-related 
consequences to include: the number of patients 
with documented falls, use of physical restraints 
. . . These will be assessed using the RMRS, direct 
daily observation, and retrospective review of the 
electronic medical record. This definition of delirium 
related hospital complications has been previously 
used and published.[reference]” 266  

 “Training and certification plans 
 . . . Each center’s personnel will be trained centrally in 
the study requirements, standardized measurement 
of height, weight, and blood pressure, requirements 
for laboratory specimen collection including morning 
urine samples, counseling for adherence and the 
eliciting of information from study participants in a 
uniform reproducible manner. 

 . . . The data to be collected and the procedures to 
be conducted at each visit will be reviewed in detail. 
Each of the data collection forms and the nature of the 

required information will be discussed in detail on an 
item by item basis. Coordinators will learn how to code 
medications using the WHODrug software and how to 
code symptoms using the MedDRA software. Entering 
data forms, responding to data discrepancy queries and 
general information about obtaining research quality 
data will also be covered during the training session. 

 . . . 

 13.7. Quality Control of the Core Lab 
 Data from the Core Lab will be securely transmitted in 
batches and quality controlled in the same manner 
as Core Coordinating Center data; ie data will be 
entered and verified in the database on the Cleveland 
Clinic Foundation SUN with a subset later selected for 
additional quality control. Appropriate edit checks will 
be in place at the key entry (database) level. 

 The Core Lab is to have an internal quality control 
system established prior to analyzing any FSGS [focal 
segmental glomerulosclerosis] samples. This system 
will be outlined in the Manual of Operations for the 
Core Lab(s) which is prepared and submitted by the 
Core Lab to the DCC [data coordinating centre] prior to 
initiating of the study. 

 At a minimum this system must include: 
 1) The inclusion of at least two known quality control 

samples; the reported measurements of the quality 
control samples must fall within specified ranges in 
order to be certified as acceptable. 

 2) Calibration at FDA approved manufacturers’ 
recommended schedules. 

 13.8. Quality Control of the Biopsy Committee 
 The chair of the pathology committee will circulate to 
all of the study pathologists . . . samples [sic] biopsy 
specimens for evaluation after criteria to establish 
diagnosis of FSGS has been agreed. This internal 
review process will serve to ensure common criteria 
and assessment of biopsy specimens for confirmation 
of diagnosis of FSGS.” 267  

Examples
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 Explanation 

 Trial investigators must o# en seek a balance between achiev-

ing a su8  ciently long follow-up for clinically relevant out-

come measurement, 122    288  and a su8  ciently short follow-up 

to decrease attrition and maximise completeness of data col-

lection. Non-retention refers to instances where participants 

are prematurely “o" -study” (ie, consent withdrawn or lost to 

follow-up) and thus outcome data cannot be obtained from 

them. The majority of trials will have some degree of non-

retention, and the number of these “o" -study” participants 

usually increases with the length of follow-up. 116  

 It is desirable to plan ahead for how retention will be pro-

moted in order to prevent missing data and avoid the associ-

ated complexities in both the study analysis (Item 20c) and 

interpretation. Certain methods can improve participant reten-

tion, 67    152    289  -   292  such as & nancial reimbursement; systematic 

methods and reminders for contacting patients, scheduling 

appointments, and monitoring retention; and limiting par-

ticipant burden related to follow-up visits and procedures 

(Item 13). A participant who withdraws consent for follow-up 

assessment of one outcome may be willing to continue with 

assessments for other outcomes, if given the option. 

 Non-retention should be distinguished from non-adher-

ence. 293  Non-adherence refers to deviation from intervention 

protocols (Item 11c) or from the follow-up schedule of assess-

ments (Item 13), but does not mean that the participant is 

“o" -study” and no longer in the trial. Because missing data 

can be a major threat to trial validity and statistical power, 

non-adherence should not be an automatic reason for ceas-

ing to collect data from the trial participant prior to study 

completion. In particular for randomised trials, it is widely 

recommended that all participants be included in an inten-

tion to treat analysis, regardless of adherence (Item 20c). 

statistical power, 272  while those with low validity will not 

accurately measure the intended outcome variable. One 

study found that only 35% (47/133) of randomised trials 

in acute stroke used a measure with established reliability 

or validity. 279  Modi& ed versions of validated measurement 

tools may no longer be considered validated, and use of 

unpublished measurement scales can introduce bias and 

in1 ate treatment e" ect sizes. 280  

 Standard processes should be implemented by local 

study personnel to enhance data quality and reduce bias 

by detecting and reducing the amount of missing or incom-

plete data, inaccuracies, and excessive variability in meas-

urements. 281  -  285  Examples include standardised training 

and testing of outcome assessors to promote consistency; 

tests of the validity or reliability of study instruments; and 

duplicate data measurements. 

 A clear protocol description of the data collection proc-

ess—including the personnel, methods, instruments, and 

measures to promote data quality—can facilitate imple-

mentation and helps protocol reviewers to assess their 

appropriateness. Inclusion of data collection forms in the 

protocol (ie, as appendices) is highly recommended, as the 

way in which data are obtained can substantially a" ect the 

results. If not included in the protocol, then a reference 

to where the forms can be found should be provided. If 

performed, pilot testing and assessment of reliability and 

validity of the forms should also be described. 

 Data collection methods—retention 

 Item 18b: Plans to promote participant retention and 

complete follow-up, including list of any outcome data to 

be collected for participants who discontinue or deviate 

from intervention protocols 

 “5.2.2 Retention 
 . . . As with recruitment, retention addresses all levels 
of participant. 
 At the parent and student level, study investigators 
and staff: 
•  Provide written feedback to all parents of participating 

students about the results of the “health screenings” . . . 
•  Maintain interest in the study through materials and 

mailings . . . 
•  Send letters to parents and students prior to the final 

data collection, reminding them of the upcoming data 
collection and the incentives the students will receive. 

 At the school level, study investigators and staff: 
•  Provide periodic communications via newsletters 

and presentations to inform the school officials/
staff, students, and parents about type 2 diabetes, 
the current status of the study, and plans for the next 
phase, as well as to acknowledge their support. 

•  . . . 
•  Become a presence in the intervention schools to 

monitor and maintain consistency in implementation, 
. . . be as flexible as possible with study schedule and 
proactive in resolving conflicts with schools. 

•  Provide school administration and faculty with the 
schedule or grid showing how the intervention fits 
into the school calendar . . . 

•  Solicit support from parents, school officials/staff, 
and teachers . . . 

•  Provide periodic incentives for school staff and 
teachers. 

•  Provide monetary incentives for the schools that 
increase with each year of the study [table 6]. . .” 286   

   “5.4 Infant Evaluations in the Case of Treatment 
Discontinuation or Study Withdrawal 
 All randomized infants completing the 18-month 
evaluation schedule will have fulfilled the infant 
clinical and laboratory evaluation requirements for 
the study. . .  

 All randomized infants who are prematurely 
discontinued from study drug will be considered 
 off study drug/on study  and will follow the same 
schedule of events as those infants who continue 
study treatment except adherence assessment. All of 
these infants will be followed through 18 months as 
scheduled. 

 Randomized infants prematurely discontinued 
from the study before the 6-month evaluation will 
have the following clinical and laboratory evaluations 
performed, if possible: . . . 
•  Roche Amplicor HIV-1 DNA PCR [polymerase chain 

reaction] and cell pellet storage 
•  Plasma for storage (for NVP [nevirapine] resistance, 

HIV-1 RNA PCR and NVP concentration) 
 . . . 
 Randomized infants prematurely discontinued from 

the study at any time after the 6-month evaluation will 

have the following clinical and laboratory evaluations 
performed, if possible: 

 . . . 

 5.5 Participant Retention 
 Once an infant is enrolled or randomized, the study site 
will make every reasonable effort to follow the infant for 
the entire study period . . . It is projected that the rate of 
loss-to-follow-up on an annual basis will be at most 5% 
. . . Study site staff are responsible for developing and 
implementing local standard operating procedures to 
achieve this level of follow-up. 

 5.6 Participant Withdrawal 
 Participants may withdraw from the study for any 
reason at any time. The investigator also may withdraw 
participants from the study in order to protect their 
safety and/or if they are unwilling or unable to comply 
with required study procedures after consultation with 
the Protocol Chair, National Institutes of Health (NIH) 
Medical Officers, Statistical and Data Management 
Center (SDMC) Protocol Statistician, and Coordinating 
and Operations Center (CORE) Protocol Specialist. 

 Participants also may be withdrawn if the study 
sponsor or government or regulatory authorities 
terminate the study prior to its planned end date. 
 Note: Early discontinuation of study product for 
any reason is not a reason for withdrawal from the 
study.” 287  

 Examples 
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values). Reference to where details of data management 

procedures can be found, if not in the protocol   

 Explanation 

 Careful planning of data management with appropriate 

personnel can help to prevent flaws that compromise 

data validity. The protocol should provide a full descrip-

tion of the data entry and coding processes, along with 

measures to promote their quality, or provide key elements 

and a reference to where full information can be found. 

These details are particularly important for the primary 

outcome data. The protocol should also document data 

security measures to prevent unauthorised access to or 

loss of participant data, as well as plans for data storage 

 Protocols should describe any retention strategies and 

de& ne which outcome data will be recorded from protocol 

non-adherers. 152  Protocols should also detail any plans to 

record the reasons for non-adherence (eg, discontinuation 

of intervention due to harms versus lack of e8  cacy) and non-

retention (ie, consent withdrawn; lost to follow-up), as this 

information can in1 uence the handling of missing data and 

interpretation of results. 152    294    295  

 Data management 

 Item 19: Plans for data entry, coding, security, and 

storage, including any related processes to promote data 

quality (eg, double data entry; range checks for data 

 “13.9.2. Data Forms and Data Entry 
 In the FSGS-CT [focal segmental glomerulosclerosis—
clinical trial], all data will be entered electronically. 
This may be done at a Core Coordinating Center or 
at the participating site where the data originated. 
Original study forms will be entered and kept on file 
at the participating site. A subset will be requested 
later for quality control; when a form is selected, 
the participating site staff will pull that form, copy it, 
and sent [sic] the copy to the DCC [data coordinating 
center] for re-entry. 

 . . . Participant files are to be stored in numerical 
order and stored in a secure and accessible place and 
manner. Participant files will be maintained in storage 
for a period of 3 years after completion of the study. 

 13.9.3. Data Transmission and Editing 
 The data entry screens will resemble the paper forms 
approved by the steering committee. Data integrity 
will be enforced through a variety of mechanisms. 
Referential data rules, valid values, range checks, and 
consistency checks against data already stored in the 
database (ie, longitudinal checks) will be supported. 
The option to chose [sic] a value from a list of valid 
codes and a description of what each code means will 
be available where applicable. Checks will be applied 
at the time of data entry into a specific field and/or 
before the data is written (committed) to the database. 
Modifications to data written to the database will be 
documented through either the data change system 
or an inquiry system. Data entered into the database 
will be retrievable for viewing through the data entry 
applications. The type of activity that an individual 
user may undertake is regulated by the privileges 
associated with his/her user identification code and 
password. 

 13.9.4. Data Discrepancy Inquiries and Reports to 
Core Coordinating Centers 
 Additional errors will be detected by programs designed 
to detect missing data or specific errors in the data. 
These errors will be summarized along with detailed 
descriptions for each specific problem in Data Query 
Reports, which will be sent to the Data Managers at the 
Core Coordinating Centers . . . 

 The Data Manager who receives the inquiry will 
respond by checking the original forms for inconsistency, 
checking other sources to determine the correction, 
modifying the original (paper) form entering a response 
to the query. Note that it will be necessary for Data 
Managers to respond to each inquiry received in order to 
obtain closure on the queried item. 

 The Core Coordinating Center and participating site 
personnel will be responsible for making appropriate 
corrections to the original paper forms whenever any 
data item is changed  . . . Written documentation of 
changes will be available via electronic logs and audit 
trails. 

 . . . 
 Biopsy and biochemistry reports will be sent via e-mail 

when data are received from the Core Lab. 
 . . . 

 13.9.5. Security and Back-Up of Data 
 . . . All forms, diskettes and tapes related to study data 
will be kept in locked cabinets. Access to the study 
data will be restricted. In addition, Core Coordinating 
Centers will only have access to their own center’s data. 
A password system will be utilized to control access . . . 
These passwords will be changed on a regular basis. All 
reports prepared by the DCC will be prepared such that 
no individual subject can be identified. 

 A complete back up of the primary DCC database 

will be performed twice a month. These tapes will be 
stored off-site in a climate-controlled facility and will 
be retained indefinitely. Incremental data back-ups 
will be performed on a daily basis. These tapes will 
be retained for at least one week on-site. Back-ups of 
periodic data analysis files will also be kept. These tapes 
will be retained at the off-site location until the Study is 
completed and the database is on file with NIH [National 
Institutes of Health]. In addition to the system back-
ups, additional measures will be taken to back-up and 
export the database on a regular basis at the database 
management level. . .  

 13.9.6. Study status reports 
 The DCC will send weekly email reports with information 
on missing data, missing forms, and missing visits. 
Personnel at the Core Coordinating Center and the 
Participating Sites should review these reports for 
accuracy and report any discrepancies to the DCC. 

 . . . 

 13.9.8. Description of Hardware at DCC 
 A SUN Workstation environment is maintained in the 
department with a SUN SPARCstation 10 model 41 as 
the server . . . Primary access to the departments [sic] 
computing facilities will be through the Internet . . . For 
maximum programming efficiency, the Oracle database 
management system and the SAS and BMDP statistical 
analysis systems will be employed for this study. . . . 
 Oracle facilitates sophisticated integrity checks through 
a variety of mechanisms including stored procedures, 
stored triggers, and declarative database integrity—for 
between table verifications. Oracle allows data checks 
to be programmed once in the database rather than 
repeating the same checks among many applications 
. . . Security is enforced through passwords and may be 
assigned at different levels to groups and individuals.” 267  

 Example 

 Table 6 | Excerpts from table showing compensation provided in study 286  

Who What Amount

School

Intervention school School program enhancement $2000 in year 1, $3000 in year 2, $4000 in year 3

Physical education class equipment required to implement intervention $15 000 over 3 years

Food service department to defray costs of nutrition intervention $3000/year

Control school School program enhancement $2000 in year 1, $4000 in year 2, $6000 in year 3

Student

All Return consent form (signed or not) Gift item worth ~ $5

Participation in health screening data collection measures and forms $50 baseline (6th grade), $10 interim (7th grade), $60 end of study (8th grade)

Family

Intervention parents Focus groups to provide input about family outreach events and activities $35/year per parent, up to two focus groups per field center, 6-10 participants per focus group
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 Results for the primary outcome can be substantially 

a" ected by the choice of analysis methods. When investiga-

tors apply more than one analysis strategy for a speci& c pri-

mary outcome, there is potential for inappropriate selective 

reporting of the most interesting result. 6  The protocol should 

prespecify the main (“primary”) analysis of the primary out-

come (Item 12), including the analysis methods to be used 

for statistical comparisons (Items 20a and 20b); precisely 

which trial participants will be included (Item 20c); and how 

missing data will be handled (Item 20c). Additionally, it is 

helpful to indicate the e" ect measure (eg, relative risk) and 

signi& cance level that will be used, as well as the intended 

use of con& dence intervals when presenting results. 

 The same considerations will o# en apply equally to pre-

speci& ed secondary and exploratory outcomes. In some 

instances, descriptive approaches to evaluating rare out-

comes such as adverse events—might be preferred over 

formal analysis given the lack of power. 300  Adequately 

powered analyses may require preplanned meta-analyses 

with results from other studies. 

 Most trials are a" ected to some extent by multiplicity 

issues. 301    302  When multiple statistical comparisons are 

performed (eg, multiple study groups, outcomes, interim 

analyses), the risk of false positive (type 1) error is in1 ated 

and there is increased potential for selective reporting of 

favourable comparisons in the & nal trial report. For trials 

with more than two study groups, it is important to specify 

in the protocol which comparisons (of two or more study 

groups) will be performed and, if relevant, which will be 

the main comparison of interest. The same principle of 

specifying the main comparison also applies when there is 

more than one outcome, including when the same variable 

(including timeframe) during and a# er the trial. This infor-

mation facilitates an assessment of adherence to applica-

ble standards and regulations. 

 Di" erences in data entry methods can a" ect the trial in 

terms of data accuracy, 268  cost, and e8  ciency. 271  For exam-

ple, when compared with paper case report forms, elec-

tronic data capture can reduce the time required for data 

entry, query resolution, and database release by combining 

data entry with data collection (Item 18a). 271    277  When data 

are collected on paper forms, data entry can be performed 

locally or at a central site. Local data entry can enable fast 

correction of missing or inaccurate data, while central data 

entry facilitates blinding (masking), standardisation, and 

training of a core group of data entry personnel. 

 Raw, non-numeric data are usually coded for ease of data 

storage, review, tabulation, and analysis. It is important 

to de& ne standard coding practices to reduce errors and 

observer variation. When data entry and coding are per-

formed by di" erent individuals, it is particularly impor-

tant that the personnel use unambiguous, standardised 

terminology and abbreviations to avoid misinterpretation. 

 As with data collection (Item 18a), standard processes are 

o# en implemented to improve the accuracy of data entry 

and coding. 281    284  Common examples include double data 

entry 296 ; veri& cation that the data are in the proper format 

(eg, integer) or within an expected range of values; and 

independent source document veri& cation of a random 

subset of data to identify missing or apparently errone-

ous values. Though widely performed to detect data entry 

errors, the time and costs of independent double data entry 

from paper forms need to be weighed against the magni-

tude of reduction in error rates compared to single-data 

entry. 297  -  299  

 Statistical methods 

 The planned methods of statistical analysis should be 

fully described in the protocol. If certain aspects of the 

analysis plan cannot be prespeci& ed (eg, the method of 

handling missing data is contingent on examining pat-

terns of “missingness” before study unblinding), then 

the planned approach to making the & nal methodological 

choices should be outlined. Some trials have a separate 

document—commonly called a statistical analysis plan 

(SAP)—that fully details the planned analyses. Any SAP 

should be described in the protocol, including its key ele-

ments and where it can be found. As with the protocol, the 

SAP should be dated, amendments noted and dated, and 

the SAP authors provided. 

 Statistical methods—outcomes 

 Item 20a: Statistical methods for analysing primary and 

secondary outcomes. Reference to where other details 

of the statistical analysis plan can be found, if not in the 

protocol   

 Explanation 

 The protocol should indicate explicitly each intended 

analysis comparing study groups. An unambiguous, com-

plete, and transparent description of statistical methods 

facilitates execution, replication, critical appraisal, and the 

ability to track any changes from the original pre-speci& ed 

methods. 

 Example 

 “The intervention arm (SMS [short message system (text 
message)]) will be compared against the control (SOC [standard 
of care]) for all primary analysis. We will use chi-squared test 
for binary outcomes, and T-test for continuous outcomes. 
For subgroup analyses, we will use regression methods with 
appropriate interaction terms (respective subgroup×treatment 
group). Multivariable analyses will be based on logistic regression 
. . . for binary outcomes and linear regression for continuous 
outcomes. We will examine the residual to assess model 
assumptions and goodness-of-fit. For timed endpoints such as 
mortality we will use the Kaplan-Meier survival analysis followed 
by multivariable Cox proportional hazards model for adjusting 
for baseline variables. We will calculate Relative Risk (RR) and RR 
Reductions (RRR) with corresponding 95% confidence intervals 
to compare dichotomous variables, and difference in means will 
be used for additional analysis of continuous variables. P-values 
will be reported to four decimal places with p-values less than 
0.001 reported as p < 0.001. Up-to-date versions of SAS (Cary, 
NC) and SPSS (Chicago, IL) will be used to conduct analyses. For 
all tests, we will use 2-sided p-values with alpha≤0.05 level of 
significance. We will use the Bonferroni method to appropriately 
adjust the overall level of significance for multiple primary 
outcomes, and secondary outcomes. 

 To assess the impact of potential clustering for patients cared 
by the same clinic, we will use generalized estimating equations 
[GEE] assuming an exchangeable correlation structure. Table [7] 
provides a summary of methods of analysis for each variable. 
Professional academic statisticians (LT, RN) blinded to study 
groups will conduct all analyses.” 47  
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 However, subgroup analyses are problematic if they are 

inappropriately conducted or selectively reported. Sub-

group analyses described in protocols or grant applications 

do not match those reported in subsequent publications 

for more than two thirds of randomised trials, suggesting 

that subgroup analyses are o# en selectively reported or not 

prespeci& ed. 6    7    305  Post hoc (data driven) analyses have a 

high risk of spurious & ndings and are discouraged. 306  Con-

ducting a large number of subgroup comparisons leads to 

issues of multiplicity, even when all of the comparisons 

have been pre-speci& ed. Furthermore, when subgroups 

are based on variables measured a# er randomisation, the 

analyses are particularly susceptible to bias. 307  

 Preplanned subgroup analyses should be clearly speci-

& ed in the protocol with respect to the precise baseline 

variables to be examined, the de& nition of the subgroup 

categories (including cut-o"  boundaries for continuous or 

ordinal variables), the statistical method to be used, and 

the hypothesised direction of the subgroup e" ect based 

on plausibility. 308    309  

is measured at several time points (Item 12). Any statistical 

approaches to account for multiple comparisons and time 

points should also be described. 

 Finally, di" erent trial designs dictate the most appropri-

ate analysis plan and any additional relevant information 

that should be included in the protocol. For example, clus-

ter, factorial, crossover, and within-person randomised tri-

als require speci& c statistical considerations, such as how 

clustering will be handled in a cluster randomised trial. 

 Statistical methods—additional analyses 

 Item 20b: Methods for any additional analyses (eg, 

subgroup and adjusted analyses)   

 Explanation 

 Subgroup analysis 

 Subgroup analyses explore whether estimated treatment 

e" ects vary signi& cantly between subcategories of trial par-

ticipants. As these data can help tailor healthcare decisions 

to individual patients, a modest number of prespeci& ed 

subgroup analyses can be sensible. 

 Table 7 |  Variables, measures, and methods of analysis (reproduced from original table 47 )  

Variable/outcome Hypothesis Outcome measure Methods of analysis

1)  Primary Intervention improved outcome 
from baseline to 6 months

a) Adherence at 12 months Percent adherence in previous 30 days >95% [binary] Chi-squared test

b) Suppression of HIV viral load at 12 months Viral load ≤400 copies/ml [binary] Chi-squared test

2)  Secondary improvement occurred Adherence % (>95%) [binary] Chi-squared test

Adherence percentage at 12 months

HIV viral load at 12 months improvement occurred Viral load (copies) T-test

Immune reconstitution (change in CD4 T cell  count from 
baseline)

improvement occurred CD4 T-cells/mm 3  (continuous) T-test

Time to virological failure improvement occurred Virological failure after successful suppression Kaplan-Meier survival  analysis

Weight gain [lbs] and BMI improvement occurred Change in weight (lbs) and BMI [continuous] T-test

Occurrence of opportunistic infections (OIs) improvement occurred Presence of AIDS defining  opportunistic infection [binary] Chi-squared test

Time to reporting of adverse drug events (ADEs) improvement occurred Presence of drug-related adverse event [time to event] Kaplan-Meier survival  analysis

Deaths (all cause) improvement occurred All-cause mortality [binary] Chi-squared test and Kaplan-
Meier survival analysis

SF-12 [short form 12 adapted for regional application in 
Kiswahili]

improvement occurred Quality pf [sic] life questionnaire  [continuous] T-test

Satisfaction with care provided improvement occurred Questionnaire [continuous] T-test

Level of disclosure of HIV status improvement occurred Disclosed to a family member [binary] Chi-squared test

Impression of stigma improvement occurred Questionnaire [continuous] T-test

Family dyamics [sic] improvement occurred Questionnaire [continuous] T-test

Employment attendance improvement occurred Questionnaire [continuous] T-test

Household member school attendance improvement occurred Questionnaire [continuous] T-test

Cell phones lost/stolen improvement occurred Presence of cellphone [binary] Poisson regression

Stopped taking HAART [highly active antiretroviral therapy] improvement occurred Self-report [binary] Chi-squared test

Required active tracing for 12 month follow-up improvement occurred Field officers [binary] Chi-squared test

3)  Subgroup Analyses: Regression methods with 
appropriate interaction term

Urban vs. rural Distance affects  adherence

Female vs. male Sex affects adherence

Phone ownership (owned vs. shared) Ownership affects  adherence

Level of education Low education affects  adherence

4)  Sensitivity Analyses: improvement occurred All outcomes

a) Per protocol analysis a) Chi-squared/T-test 

b) Adjusting for baseline covariates b) Multivariable regression

c) clustering among individuals within a clinic c) GEE

 IMPORTANT REMARKS: 

 • The GEE [generalised estimating equations] [reference] is a technique that allows to specify the correlation structure between patients within a hospital and this approach produces unbiased estimates under the 

assumption that missing observations will be missing at random. An amended approach of weighted GEE will be employed if missingness is found not to be at random [reference]. 

 • In all analyses results will be expressed as coefficient, standard errors, corresponding 95% and associated p-values. 

 • Goodness-of-fit will be assessed by examining the residuals for model assumptions and chi-squared test of goodness-of-fit. 

 • Bonferroni method will be used to adjust the overall level of significance for multiple secondary outcomes. 
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come data obtained from all participants are included in 

the data analysis, regardless of protocol adherence (Items 

11c and 18b). 249    250  These two conditions (ie, all partici-

pants, as randomised) de& ne an “intention to treat” analy-

sis, which is widely recommended as the preferred analysis 

strategy. 17  

 Some trialists use other types of data analyses (com-

monly labelled as “modi& ed intention to treat” or “per pro-

tocol”) that exclude data from certain participants—such 

as those who are found to be ineligible a# er randomisation 

or who deviate from the intervention or follow-up proto-

cols. This exclusion of data from protocol non-adherers 

can introduce bias, particularly if the frequency of and 

the reasons for non-adherence vary between the study 

groups. 314    315  In some trials, the participants to be included 

in the analysis will vary by outcome—for example, analysis 

 Adjusted analysis 

 Some trials prespecify adjusted analyses to account for 

imbalances between study groups (eg, chance imbalance 

across study groups in small trials), improve power, or 

account for a known prognostic variable. Adjustment is 

o# en recommended for any variables used in the allocation 

process (eg, in strati& ed randomisation), on the principle 

that the analysis strategy should match the design. 310  Most 

trial protocols and publications do not adequately address 

issues of adjustment, particularly the description of vari-

ables. 6    310  

 It is important that trial investigators indicate in the pro-

tocol if there is an intention to perform or consider adjusted 

analyses, explicitly specifying any variables for adjustment 

and how continuous variables will be handled. When both 

unadjusted and adjusted analyses are intended, the main 

analysis should be identi& ed (Item 20a). It may not always 

be clear, in advance, which variables will be important for 

adjustment. In such situations, the objective criteria to be 

used to select variables should be prespeci& ed. As with 

subgroup analyses, adjustment variables based on post-

randomisation data rather than baseline data can intro-

duce bias. 311    312  

 Statistical methods—analysis population and missing data 

 Item 20c: Definition of analysis population relating to 

protocol non-adherence (eg, as randomised analysis), 

and any statistical methods to handle missing data (eg, 

multiple imputation)   

 Explanation 

 In order to preserve the unique bene& t of randomisation as 

a mechanism to avoid selection bias, an “as randomised” 

analysis retains participants in the group to which they 

were originally allocated. To prevent attrition bias, out-

 Examples 

 “We plan to conduct two subgroup analyses, both with strong biological rationale and possible 
interaction effects. The first will compare hazard ratios of re-operation based upon the degree of 
soft tissue injury (Gustilo-Anderson Type I/II open fractures vs. Gustilo-Anderson Type IIIA/B open 
fractures). The second will compare hazard ratios of re-operation between fractures of the upper 
and lower extremity. We will test if the treatment effects differ with fracture types and extremities by 
putting their main effect and interaction terms in the Cox regression. For the comparison of pressure, 
we anticipate that the low/gravity flow will be more effective in the Type IIIA-B open fracture than in 
the Type I/II open fracture, and be more effective in the upper extremity than the lower extremity. For 
the comparison of solution, we anticipate that soap will do better in the Type IIIA-B open fracture than 
in the Type I/II open fracture, and better in the upper extremity than the lower extremity.” 303  
 “A secondary analysis of the primary endpoint will adjust for those pre-randomization variables which 
might reasonably be expected to be predictive of favorable outcomes. Generalized linear models 
will be used to model the proportion of subjects with neurologically intact (MRS ≤ 3 [Modified Rankin 
Score]) survival to hospital discharge by ITD [impedance threshold device]/sham device group 
adjusted for site (dummy variables modeling the 11 ROC [Resuscitation Outcomes Consortium] 
sites), patient sex, patient age (continuous variable), witness status (dummy variables modeling the 
three categories of unwitnessed arrest, non-EMS [emergency medical services] witnessed arrest, and 
EMS witnessed arrest), location of arrest (public versus non-public), time or response (continuous 
variable modeling minutes between call to 911 and arrival of EMS providers on scene), presenting 
rhythm (dummy variables modeling asystole, PEA [pulseless electrical activity], VT/VF [ventricular 
tachycardia/fibrillation], or unknown), and treatment assignment in the Analyze Late vs. Analyze 
Early intervention. The test statistic used to assess any benefit of the ITD relative to the sham device 
will be computed as the generalized linear model regression coefficient divided by the estimated 
“robust” standard error based on the Huber- White sandwich estimator[reference] in order to account 
for within group variability which might depart from the classical assumptions. Statistical inference 
will be based on one-sided P values and 95% confidence intervals which adjust for the stopping rule 
used for the primary analysis.” 304  

 Example 

 “Nevertheless, we propose to test non-inferiority using two 
analysis sets; the intention-to-treat set, considering all patients as 
randomized regardless of whether they received the randomized 
treatment, and the “per protocol” analysis set. Criteria for 
determining the “per protocol” group assignment would be 
established by the Steering Committee and approved by the 
PSMB [performance and safety monitoring board] before the trial 
begins. Given our expectation that very few patients will crossover 
or be lost to follow-up, these analyses should agree very closely. 
We propose declaring medical management non-inferior to 
interventional therapy, only if shown to be non-inferior using both 
the “intention to treat” and “per protocol” analysis sets. 

 . . . 

 10.4.7 Imputation Procedure for Missing Data 
 While the analysis of the primary endpoint (death or stroke) will 
be based on a log-rank test and, therefore, not affected by patient 
withdrawals (as they will be censored) provided that dropping 
out is unrelated to prognosis; other outcomes, such as the 
Rankin Score at five years post-randomization, could be missing 
for patients who withdraw from the trial. We will report reasons 
for withdrawal for each randomization group and compare 
the reasons qualitatively . . . The effect that any missing data 
might have on results will be assessed via sensitivity analysis of 
augmented data sets. Dropouts (essentially, participants who 
withdraw consent for continued follow-up) will be included in the 
analysis by modern imputation methods for missing data. 

 The main feature of the approach is the creation of a set of 
clinically reasonable imputations for the respective outcome for 
each dropout. This will be accomplished using a set of repeated 
imputations created by predictive models based on the majority 
of participants with complete data. The imputation models 
will reflect uncertainty in the modeling process and inherent 
variability in patient outcomes, as reflected in the complete data. 

 After the imputations are completed, all of the data (complete 
and imputed) will be combined and the analysis performed 
for each imputed-and-completed dataset. Rubin’s method 
of multiple (ie, repeated) imputation will be used to estimate 
treatment effect. We propose to use 15 datasets (an odd number 
to allow use of one of the datasets to represent the median 
analytic result). 
 These methods are preferable to simple mean imputation, or 
simple “best-worst” or “worst-worst” imputation, because the 
categorization of patients into clinically meaningful subgroups, 
and the imputation of their missing data by appropriately 
different models, accords well with best clinical judgment 
concerning the likely outcomes of the dropouts, and therefore 
will enhance the trial’s results.” 313  
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the accumulated data have su8  ciently disturbed the clini-

cal equipoise that justi& ed the initiation of the trial. Data 

monitoring can also inform aspects of trial conduct, such 

as recruitment, and identify the need to make adjustments. 

 The decision to have a data monitoring committee (DMC) 

will be in1 uenced by local standards. While certain trials 

warrant some form of data monitoring, many do not need 

a formal committee, 326  such as trials with a short duration 

or known minimal risks. A DMC was described in 65% 

(98/150) of cancer trial protocols with time-to-event out-

comes in Italy in 2000-5, 327  and in 17% (12/70) of pro-

tocols for Danish randomised trials approved in 1994-5. 6  

About 40% of clinical trials registered on ClinicalTrials.gov 

from 2007-2010 reported having a DMC. 328  The protocol 

should either state that there will be a DMC and provide 

further details, as discussed below, or indicate that there 

will not be a DMC, preferably with reasons. 

 When formal data monitoring is performed, it is o# en 

done by a DMC consisting of members from a variety of dis-

ciplines. 254    329  The primary role of a DMC is to periodically 

review the accumulating data and determine if a trial should 

be modi& ed or discontinued. The DMC does not usually have 

executive power; rather, it communicates the outcome of its 

deliberations to the trial steering committee or sponsor. 

 Independence, in particular from the sponsor and trial 

investigators, is a key characteristic of the DMC and can 

be broadly de& ned as the committee comprising members 

who are “completely uninvolved in the running of the trial 

and who cannot be unfairly in1 uenced (either directly 

of harms (adverse events) is sometimes restricted to par-

ticipants who received the intervention, so that absence 

or occurrence of harm is not attributed to a treatment that 

was never received. 

 Protocols should explicitly describe which participants 

will be included in the main analyses (eg, all randomised 

participants, regardless of protocol adherence) and de& ne 

the study group in which they will be analysed (eg, as ran-

domised). In one cohort of randomised trials approved in 

1994-5, this information was missing in half of the proto-

cols. 6  The ambiguous use of labels such as “intention to 

treat” or “per protocol” should be avoided unless they are 

fully de& ned in the protocol. 6    314  Most analyses labelled as 

“intention to treat” do not actually adhere to its de& nition 

because of missing data or exclusion of participants who 

do not meet certain post-randomisation criteria (eg, spe-

ci& c level of adherence to intervention). 6    316  Other ambigu-

ous labels such as “modi& ed intention to treat” are also 

variably de& ned from one trial to another. 314  

 In addition to de& ning the analysis population, it is nec-

essary to address the problem of missing data in the pro-

tocol. Most trials have some degree of missing data, 317    318  

which can introduce bias depending on the pattern of 

“missingness” (eg, not missing at random). Strategies to 

maximise follow-up and prevent missing data, as well as 

the recording of reasons for missing data, are thus impor-

tant to develop and document (Item 18b). 152  

 The protocol should also state how missing data will be 

handled in the analysis and detail any planned methods to 

impute (estimate) missing outcome data, including which 

variables will be used in the imputation process (if applica-

ble). 152  Di" erent statistical approaches can lead to di" erent 

results and conclusions, 317    319  but one study found that 

only 23% of trial protocols speci& ed the planned statistical 

methods to account for missing data. 6  

 Imputation of missing data allows the analysis to con-

form to intention to treat analysis but requires strong 

assumptions that are untestable and may be hard to 

justify. 152    318    320    321  Methods of multiple imputation are 

more complex but are widely preferred to single imputa-

tion methods (eg, last observation carried forward; base-

line observation carried forward), as the latter introduce 

greater bias and produce con& dence intervals that are too 

narrow. 152    320  -   322  Speci& c issues arise when outcome data 

are missing for crossover or cluster randomised trials. 323  

Finally, sensitivity analyses are highly recommended to 

assess the robustness of trial results under di" erent meth-

ods of handling missing data. 152    324  

 Section 3d: Methods—monitoring 

 Data monitoring—formal committee 

 Item 21a: Composition of data monitoring committee 

(DMC); summary of its role and reporting structure; 

statement of whether it is independent from the sponsor 

and competing interests; and reference to where further 

details about its charter can be found, if not in the protocol. 

Alternatively, an explanation of why a DMC is not needed 

 Explanation 

 For some trials, there are important reasons for periodic 

inspection of the accumulating outcome data by study group. 

In principle, a trial should be modi& ed or discontinued when 

 Example 

 “Appendix 3. Charter and responsibilities of the Data 
Monitoring Committee 
 A Data Monitoring Committee (DMC) has been established. The 
DMC is independent of the study organisers. During the period 
of recruitment to the study, interim analyses will be supplied, in 
strict confidence, to the DMC, together with any other analyses 
that the committee may request. This may include analyses of 
data from other comparable trials. In the light of these interim 
analyses, the DMC will advise the TSC [trial steering committee] 
if, in its view: 

 a) the active intervention has been proved, beyond reasonable 
doubt*, to be different from the control (standard management) 
for all or some types of participants, and 

 b) the evidence on the economic outcomes is sufficient 
to guide a decision from health care providers regarding 
recommendation of early lens extraction for PACG [primary angle 
closure glaucoma]. 

 The TSC can then decide whether or not to modify intake to 
the trial. Unless this happens, however, the TSC, PMG [project 
management group], clinical collaborators and study office staff 
(except those who supply the confidential analyses) will remain 
ignorant of the interim results. 

 The frequency of interim analyses will depend on the 
judgement of the Chair of the DMC, in consultation with the 
TSC. However, we anticipate that there might be three interim 
analyses and one final analysis. 

 The Chair is Mr  D.G.-H. , with Dr  D.C. , and Professor  B.D.  Terms 
of reference for the DMC are available on request from the EAGLE 
[Effectiveness in Angle Closure Glaucoma of Lens Extraction] 
study office. 

 *Appropriate criteria for proof beyond reasonable doubt cannot be specified 

precisely. A difference of at least three standard deviation [sic] in the interim 

analysis of a major endpoint may be needed to justify halting, or modifying, such a 

study prematurely.[reference]” 325  
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the risk of a false positive (type I) error, and various sta-

tistical strategies have been developed to compensate for 

this in1 ated risk. 254    333  -   335  Aside from informing stopping 

guidelines, prespeci& ed interim analyses can be used for 

other trial adaptations such as sample size re-estimation, 

alteration to the proportion of participants allocated to 

each study group, and changes to eligibility criteria. 111  

 A complete description of any interim analysis plan, 

even if it is only to be performed at the request of an over-

sight body (eg, DMC), should be provided in the proto-

col—including the statistical methods, who will perform 

the analyses, and when they will be conducted (timing and 

indications). If applicable, details should also be provided 

about the decision criteria—statistical or other—that will be 

adopted to judge the interim results as part of a guideline 

for early stopping or other adaptations. Among 86 proto-

cols for randomised trials with a time-to-event cancer out-

come that proposed e8  cacy interim analyses, all stated the 

planned timing of the analyses, 91% speci& ed the overall 

reason to be used for stopping (eg, superiority, futility), and 

94% detailed the statistical approach. 327  

 In addition, it is important to state who will see the out-

come data while the trial is ongoing, whether these indi-

viduals will remain blinded (masked) to study groups, and 

how the integrity of the trial implementation will be pro-

tected (eg, maintaining blinding) when any adaptations to 

the trial are made. A third of protocols for industry initiated 

randomised trials receiving Danish ethics approval in 1994-

95 stated that the sponsor had access to accumulating trial 

data, which can introduce potential bias due to competing 

interests. 10  Finally, the protocol should specify who has 

the ultimate authority to stop or modify the trial—eg, the 

principal investigator, trial steering committee, or sponsor. 

 Harms 

 Item 22: Plans for collecting, assessing, reporting, and 

managing solicited and spontaneously reported adverse 

events and other unintended effects of trial interventions 

or trial conduct   

 Explanation 

 Evaluation of harms has a key role in monitoring the condi-

tion of participants during a trial and in enabling appropri-

ate management of adverse events. Documentation of trial 

related adverse events also informs clinical practice and 

the conduct of ongoing and future studies. We use the term 

“harms” instead of “safety” to better re1 ect the negative 

e" ects of interventions. 300  An adverse event refers to an 

untoward occurrence during the trial, which may or may 

not be causally related to the intervention or other aspects 

of trial participation. 300    336  This de& nition includes unfa-

vourable changes in symptoms, signs, laboratory values, 

or health conditions. In the context of clinical trials, it can 

be di8  cult to attribute causation for a given adverse event. 

An adverse e" ect is a type of adverse event that can be 

attributed to the intervention. 

 Harms can be speci& ed as primary or secondary outcomes 

(Item 12) or can be assessed as part of routine monitoring. 

To the extent possible, distinctions should be made between 

adverse events that are anticipated versus unanticipated, and 

solicited versus unsolicited, because expectation can in1 u-

ence the number and perceived severity of recorded events. 

or indirectly) by people, or institutions, involved in the 

trial.” 254  DMC members are usually required to declare any 

competing interests (Item 28). Among the 12 trial proto-

cols that described a DMC and were approved in Denmark 

in 1994-5, 6  four explicitly stated that the DMC was inde-

pendent from the sponsor and investigators; three had 

non-independent DMCs; and independence was unclear 

for the remaining & ve protocols. 

 The protocol should name the chair and members of the 

DMC. If the members are not yet known, the protocol can 

indicate the intended size and characteristics of the mem-

bership until further details are available. The protocol 

should also indicate the DMC’s roles and responsibilities, 

planned method of functioning, and degree of independ-

ence from those conducting, sponsoring, or funding the 

trial. 254    330    331  A charter is recommended for detailing this 

information 331 ; if this charter is not appended to the proto-

col, the protocol should indicate whether a charter exists 

or will be developed, and if so, where it can be accessed. 

 Data monitoring—interim analysis 

 Item 21b: Description of any interim analyses and 

stopping guidelines, including who will have access 

to these interim results and make the final decision to 

terminate the trial   

 Explanation 

 Interim analyses can be conducted as part of an adaptive 

trial design to formally monitor the accumulating data in 

clinical trials. They are generally performed in trials that 

have a DMC, longer duration of recruitment, and poten-

tially serious outcomes. Interim analyses were described in 

71% (106/150) of cancer trial protocols with time-to-event 

outcomes in Italy in 2000-5, 327  and in 19% (13/70) of pro-

tocols for Danish randomised trials approved in 1994-5. 6  

The results of these analyses, along with non-statistical cri-

teria, can be part of a stopping guideline that helps inform 

whether the trial should be continued, modi& ed, or halted 

earlier than intended for bene& t, harm, or futility. Criteria 

for stopping for harm are o# en di" erent from those for ben-

e& t and might not employ a formal statistical criterion. 333  

Stopping for futility occurs in instances where, if the study 

were to continue, it is unlikely that an important e" ect 

would be seen (ie, low chance of rejecting null hypoth-

esis). Multiple analyses of the accumulating data increase 

 Example 

 “Premature termination of the study 
 An interim-analysis is performed on the primary endpoint when 
50% of patients have been randomised and have completed 
the 6 months follow-up. The interim-analysis is performed by an 
independent statistician, blinded for the treatment allocation. The 
statistician will report to the independent DSMC [data and safety 
monitoring committee]. The DSMC will have unblinded access 
to all data and will discuss the results of the interim-analysis 
with the steering committee in a joint meeting. The steering 
committee decides on the continuation of the trial and will report 
to the central ethics committee. The Peto approach is used: the 
trial will be ended using symmetric stopping boundaries at P < 
0.001 [reference]. The trial will not be stopped in case of futility, 
unless the DSMC during the course of safety monitoring advices 
[sic] otherwise. In this case DSMC will discuss potential stopping 
for futility with the trial steering committee.” 332  
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day-to-day measures to promote data quality (Items 18a 

and 19). Auditing is intended to preserve the integrity 

of the trial by independently verifying a variety of proc-

esses and prompting corrective action if necessary. The 

processes reviewed can relate to participant enrolment, 

consent, eligibility, and allocation to study groups; 

adherence to trial interventions and policies to protect 

For example, providing statements in the informed consent 

process about the possibility of a particular adverse e" ect or 

using structured, as opposed to open ended, questionnaires 

for data collection, can increase the reporting of speci& c 

events (“priming”). 269    337  -   339  The timeframe for recording 

adverse events can also a" ect the type of data obtained. 340    341  

 The protocol should describe the procedures for and 

frequency of harms data collection, the overall surveil-

lance timeframe, any instruments to be used, and their 

validity and reliability, if known. Substantial discrepan-

cies have been observed between protocol speci& ed plans 

for adverse event collection and reporting, and what is 

described in & nal publications. 5  Although trials are o# en 

not powered to detect important di" erences in rates of 

uncommon adverse events, it is also important to describe 

plans for data analysis, including formal hypothesis testing 

or descriptive statistics. 300    342  

 Finally, the protocol should address the reporting of 

harms to relevant groups (eg, sponsor, research ethics com-

mittee/institutional review board, data monitoring com-

mittee, regulatory agency), which is an important process 

that is subject to local regulation. 343  Key considerations 

include the severity of the adverse event, determination 

of potential causality, and whether it represents an unex-

pected or anticipated event. For multicentre studies, proce-

dures and timing should be outlined for central collection, 

evaluation, and reporting of pooled harms data. 

 Auditing 

 Item 23: Frequency and procedures for auditing 

trial conduct, if any, and whether the process will be 

independent from investigators and the sponsor   

 Explanation 

 Auditing involves periodic independent review of core 

trial processes and documents. It is distinct from routine 

 Example 

 “ Secondary outcomes   
 . . . In our study an adverse event will be defined as any untoward medical occurrence in a subject 

without regard to the possibility of a causal relationship. Adverse events will be collected after the 
subject has provided consent and enrolled in the study. If a subject experiences an adverse event 
after the informed consent document is signed (entry) but the subject has not started to receive study 
intervention, the event will be reported as not related to study drug. All adverse events occurring 
after entry into the study and until hospital discharge will be recorded. An adverse event that meets 
the criteria for a serious adverse event (SAE) between study enrollment and hospital discharge will 
be reported to the local IRB [institutional review board] as an SAE. If haloperidol is discontinued as 
a result of an adverse event, study personnel will document the circumstances and data leading 
to discontinuation of treatment. A serious adverse event for this study is any untoward medical 
occurrence that is believed by the investigators to be causally related to study-drug and results in any 
of the following: Life-threatening condition (that is, immediate risk of death); severe or permanent 
disability, prolonged hospitalization, or a significant hazard as determined by the data safety 
monitoring board. Serious adverse events occurring after a subject is discontinued from the study will 
NOT be reported unless the investigators feels that the event may have been caused by the study drug 
or a protocol procedure. Investigators will determine relatedness of an event to study drug based on 
a temporal relationship to the study drug, as well as whether the event is unexpected or unexplained 
given the subject’s clinical course, previous medical conditions, and concomitant medications. 

 . . . The study will monitor for the following movement-related adverse effects daily through patient 
examination and chart review: dystonia, akathisia, pseudoparkinsonism, akinesia, and neuroleptic 
malignant syndrome. Study personnel will use the Simpson-Angus [reference] and Barnes Akathisia 
[reference] scales to monitor movement-related effects. 

 . . . 
 For secondary outcomes, binary measures, eg mortality and complications, logistic regression will be 
used to test the intervention effect, controlling for covariates when appropriate . . .” 266  

 Example 

 “11.4 Data Monitoring and Quality Assurance 
 Through the combination of our web-based, instantaneous 
electronic validation, the DCC’s [data coordinating centre] daily 
visual cross-validation of the data for complex errors, and regular 
on-site monitoring, the quality and completeness of the data will 
be reflective of the state of the art in clinical trials. 

 Both the European and US DCCs will conduct monitoring of 
source documents via fax at all enrolling ARUBA [A Randomised 
trial of Unruptured Brain Arteriovenous malformations] sites and 
will conduct at least one on-site monitoring visit per year over the 
course of the study at 100% of clinical sites (with repeat visits to 
sites where performance is a concern). Monitoring of European 
study sites will be assured by the European Coordinating Center 
(Paris). The primary objectives of the DCC during the on-site visits 
are to educate, support and solve problems. The monitors will 
discuss the protocol in detail and identify and clarify any areas 
of weakness. At the start of the trial, the monitors will conduct a 
tutorial on the web-based data entry system. The coordinators 
will practice entering data so that the monitors can confirm 
that the coordinators are proficient in all aspects of data entry, 
query response, and communication with the DCC. They will 
audit the overall quality and completeness of the data, examine 
source documents, interview investigators and coordinators, 
and confirm that the clinical center has complied with the 
requirements of the protocol. The monitors will verify that all 
adverse events were documented in the correct format, and are 
consistent with protocol definition. 

 The monitors will review the source documents as needed, to 
determine whether the data reported in the Web-based system 
are complete and accurate. Source documents are defined as 
medical charts, associated reports and records including initial 
hospital admission report . . . 

 The monitors will confirm that the regulatory binder is complete 
and that all associated documents are up to date. The regulatory 
binder should include the protocol and informed consent (all 
revisions), IRB [institutional review board] approvals for all of 
the above documents, IRB correspondence, case report forms, 
investigator’s agreements . . . 

 Scheduling monitoring visits will be a function of patient 
enrollment, site status and other commitments. The DCC will 
notify the site in writing at least three weeks prior to a scheduled 
visit. The investigators must be available to meet with the 
monitors. Although notification of the visits will include the list of 
patients scheduled to be reviewed, the monitors reserve the right 
to review additional ARUBA patients. 

 If a problem is identified during the visit (ie, poor 
communication with the DCC, inadequate or insufficient staff to 
conduct the study, missing study documents) the monitor will 
assist the site in resolving the issues. Some issues may require 
input from the Operations Committee, Steering Committee or one 
of the principal investigators. 
 The focus of the visit/electronic monitoring will be on source 
document review and confirmation of adverse events. The 
monitor will verify the following variables for all patients: initials, 
date of birth, sex, signed informed consent, eligibility criteria, 
date of randomization, treatment assignment, adverse events, 
and endpoints . . .” 313  
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 Protocol amendments 

 Item 25: Plans for communicating important 

protocol modifications (eg, changes to eligibility 

criteria, outcomes, analyses) to relevant parties (eg, 

investigators, REC/IRBs, trial participants, trial registries, 

journals, regulators)   

 Explanation 

 A# er initial ethics approval, about half of trials have sub-

sequent protocol amendments submitted to the REC/

IRB. 125    346    347  While some amendments may be unavoid-

able, a study of pharmaceutical industry trials found that 

according to the sponsors, a third of amendments could 

have been prevented with greater attention to key issues 

during protocol development. 346  Substantive amendments 

can generate challenges to data analysis and interpreta-

tion if they occur part way through the trial (eg, changes in 

eligibility criteria), 348  and can introduce bias if the changes 

are made based on the trial data. 173  -  176  The implementation 

and communication of amendments are also burdensome 

and potentially costly. 346  

 Numerous studies have revealed substantive changes 

between prespeci& ed methods (eg, as stated in approved 

protocols, registries, or regulatory agency submissions) 

and those described in trial publications, including 

changes to primary outcomes, 12    172  -   176  sample size calcu-

lations, 6  eligibility criteria, 125    133    134  as well as methods 

of allocation concealment, 2  blinding, 3  and statistical 

analysis. 6  -  8    174  These substantive modi& cations are rarely 

acknowledged in the & nal trial reports, providing an inac-

curate impression of trial integrity. 

 It is important that substantive protocol amendments be 

reviewed by an independent party, such as the REC/IRB, 

and transparently described in trial reports. The notion 

of “substantive” is variably de& ned by authorities, but in 

general refers to a protocol amendment that can a" ect the 

safety of trial participants or the scienti& c validity, scope, 

or ethical rigour of the trial. 349    350  To re1 ect the degree of 

oversight for the trial and adherence to applicable regu-

lation, the protocol should describe the process for mak-

ing amendments, including who will be responsible for 

the decision to amend the protocol and how substantive 

changes will be communicated to relevant stakeholders 

(eg, REC/IRBs, trial registries, regulatory agencies). Version 

participants, including reporting of harms (Item 22); 

and completeness, accuracy, and timeliness of data col-

lection. In addition, an audit can verify adherence to 

applicable policies such as the International Conference 

on Harmonisation  Good Clinical Practice  and regulatory 

agency guidelines. 160  

 In multicentre trials, auditing is usually considered both 

overall and for each recruiting centre. Audits can be done 

by exploring the trial dataset or performing site visits. 

Audits might be initially conducted across all sites, and 

subsequently conducted using a risk based approach that 

focuses, for example, on sites that have the highest enrol-

ment rates, large numbers of withdrawals, or atypical (low 

or high) numbers of reported adverse events. 

 If auditing is planned, the procedures and anticipated 

frequency should be outlined in the protocol, including 

a description of the personnel involved and their degree 

of independence from the trial investigators and sponsor. 

If procedures are further detailed elsewhere (eg, audit 

manual), then the protocol should reference where the 

full details can be obtained. 

 Section 4: Ethics and dissemination 

 Research ethics approval 

 Item 24: Plans for seeking research ethics committee/

institutional review board (REC/IRB) approval   

 Explanation 

 A universal requirement for the ethical conduct of clinical 

research is the review and approval of the research proto-

col by quali& ed individuals who are not associated with 

the research team and have no disqualifying competing 

interests as reviewers. 1  The review is typically conducted 

by a formal REC/IRB in accordance with jurisdictional 

policy. Despite the importance of ethics review, approval 

by a REC/IRB is not always obtained. Among 767 trials 

published in leading general medical journals from 1993-

95, 37 authors (5%) disclosed that such approval had not 

been sought for their trials. 344  The protocol should docu-

ment where approval has been obtained, or outline plans 

to seek such approval. 

 Example 

 “This protocol and the template informed consent forms 
contained in Appendix II will be reviewed and approved by 
the sponsor and the applicable IRBs/ECs [institutional review 
boards/ethical committees] with respect to scientific content 
and compliance with applicable research and human subjects 
regulations. . . . 

 The protocol, site-specific informed consent forms (local 
language and English versions), participant education and 
recruitment materials, and other requested documents—and 
any subsequent modifications — also will be reviewed and 
approved by the ethical review bodies. . . 
 Subsequent to initial review and approval, the responsible 
local Institutional Review Boards/Ethical Committees (IRBs/
ECs) will review the protocol at least annually. The Investigator 
will make safety and progress reports to the IRBs/ECs at least 
annually and within three months of study termination or 
completion at his/her site. These reports will include the total 
number of participants enrolled . . . and summaries of each 
DSMB [data safety and monitoring board] review of safety and/
or efficacy.” 287  

 Example 

 “13.10 Modification of the Protocol 
 Any modifications to the protocol which may impact on the 
conduct of the study, potential benefit of the patient or may 
affect patient safety, including changes of study objectives, study 
design, patient population, sample sizes, study procedures, 
or significant administrative aspects will require a formal 
amendment to the protocol. Such amendment will be agreed 
upon by BCIRG [Breast Cancer International Research Group] and 
Aventis, and approved by the Ethics Committee/IRB [institutional 
review board] prior to implementation and notified to the health 
authorities in accordance with local regulations. 
 Administrative changes of the protocol are minor corrections 
and/or clarifications that have no effect on the way the study is 
to be conducted. These administrative changes will be agreed 
upon by BCIRG and Aventis, and will be documented in a 
memorandum. The Ethics Committee/IRB may be notified of 
administrative changes at the discretion of BCIRG.” 345  
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will be secured should they regain decisional capacity. For 

certain trials, such as cluster randomised trials, it may not 

be possible to acquire individual informed consent from 

participants before randomisation, and the consent proc-

ess may be modi& ed or waived. An explanation should be 

provided in the protocol in these instances. 357  

 Consent or assent—ancillary studies 

 Item 26b: Additional consent provisions for collection 

and use of participant data and biological specimens in 

ancillary studies, if applicable   

 Explanation 

 Ancillary studies involve the collection or derivation of 

data for purposes that are separate from the main trial. 

The acquisition and storage of data and biological speci-

mens for ancillary studies is increasingly common in 

the context of clinical trials (Item 33). Specimens may 

be used for a speci& ed subset of studies or for submis-

sion to biorepositories for future speci& ed or unspeci& ed 

research. 

 Ancillary studies have additional processes and con-

siderations relating to consent, which should be detailed 

in the protocol. Guidance for the creation of a simpli& ed 

informed consent document for biobanking is available. 358  

Participants can be given several options to consider with 

respect to their participation in ancillary research: con-

sent for the use of their data and specimens in speci& ed 

protocols; consent for use in future research unrelated to 

the clinical condition under study; consent for submis-

sion to an unrelated biorepository; and consent to be con-

tacted by trial investigators for further informational and 

consent-related purposes. This is commonly referred to as 

tiered consent. Participants should also be informed about 

whether their withdrawal from the ancillary research is 

possible (eg, the data and specimens are coded and iden-

ti& able); what withdrawal means in this context (eg, used 

specimens and data derived from them cannot be with-

drawn); and what information derived from the specimen 

related research will be provided to them, if any. 

control using protocol identi& ers and dates (Item 3), as well 

as a list of amendments, can help to track the history of 

amendments and identify the most recent protocol version. 

 Consent or assent 

 Item 26a: Who will obtain informed consent or assent 

from potential trial participants or authorised surrogates, 

and how (see Item 32)   

 Explanation 

 The notion of acquiring informed consent involves the 

presentation of comprehensible information about the 

research to potential participants, con& rmation that they 

understand the research, and assurance that their agree-

ment to participate is voluntary. The process typically 

involves discussion between the potential participant 

and an individual knowledgeable about the research; the 

presentation of written material (eg, information lea1 et 

or consent document); and the opportunity for potential 

participants to ask questions. Surveys of trial investigators 

reveal that appropriate informed consent is not always 

obtained. 344    352  

 The content, quantity, and mode of delivery of consent 

information can a" ect trial recruitment, participant com-

prehension, anxiety, retention rates, and recruitment cos

ts. 68    114    218    292    353  -   355  We recommend that a model consent 

or assent form be provided as a protocol appendix (Item 

32). Assent represents a minor’s a8  rmative agreement to 

participate in the trial, which typically involves signing a 

document that provides age appropriate information about 

the study. 

 The protocol should include details of the consent proc-

ess as well as the status, experience, and training (if appli-

cable) of the research team members who will conduct it. 

In paediatric research, regulations may stipulate obtaining 

a8  rmative assent for participation from children above a 

certain age. 356  The protocol should then describe how perti-

nent information will be provided to potential participants 

and how their understanding and assent will be ascer-

tained. When potential participants lack decisional capac-

ity for reasons other than young age (eg, mental status), 

and proxy consent can be obtained from a legally-author-

ised representative, the protocol should describe who will 

determine an individual’s decisional capacity, whether a 

formal capacity instrument will be utilised, and how the 

individual’s informed agreement to continue participation 

 Example 

 “ . . . Trained Research Nurses will introduce the trial to patients 
who will be shown a video regarding the main aspects of the trial. 
Patients will also receive information sheets. Research Nurses will 
discuss the trial with patients in light of the information provided 
in the video and information sheets. Patients will then be able to 
have an informed discussion with the participating consultant. 
Research Nurses will obtain written consent from patients willing 
to participate in the trial. Information sheets and consent forms 
are provided for all parents involved in the trial however these 
have been amended accordingly in order to provide separate 
information sheets and consent form [sic] which are suitable for 
children and teenagers. All information sheets, consent forms 
and the video transcript have been translated into Bengali, 
Punjabi, Gujarati, and Urdu. There are also separate information 
sheets and consent forms for the cohort group.” 351  

 Example 

 “6.4.1. Samples for Biorepositories 
 Additional biological samples will be obtained to be stored 
for use in future studies of the pathobiology of FSGS [focal 
segmental glomerulosclerosis]. A materials consent will be 
obtained to specifically address the collection of these . . . urine, 
serum and plasma specimens . . . 

 14.3.4. Instructions for Preparation of Requests for an 
Ancillary Study 
 . . . A signed consent must be obtained from every participant in 
the ancillary study, if the data collection/request is not covered in 
the original informed consent process for the main FSGS Clinical 
Trial. 

 . . . 
 A copy of the IRB [institutional review board] letter for the ancillary 
study should be sent to the DCC [data coordinating centre]. If a 
separate consent form is required for the ancillary study, a copy of 
the signed ancillary study consent form for each study participant 
must be included in the FSGS-CT [clinical trial] record. A data file 
tracking all signed ancillary consent forms must be maintained 
by the ancillary study and an electronic copy of that file must be 
delivered to the FSGS-CT DCC.” 267  
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 Explanation 

 Competing interests, or con1 icts of interest, exist when 

there is potential for divergence between an individual’s 

or institution’s private interests and their responsibilities 

to scienti& c and publishing activities. 360  More positive 

outcomes, larger treatment e" ect sizes, and more favour-

able interpretation of results have been found in clinical 

trials with pharmaceutical industry sponsorship (Item 

4) 27    36  -   38    42  and investigators who have declared compet-

ing interests, 57    60  compared to those without such interests. 

Although competing interests are most o# en associated 

with drug and device industries, they may exist with sup-

port from or a8  liation with government agencies, chari-

ties, not for pro& t organisations, and professional and civic 

organisations. 

 Competing interests do not in themselves imply wrong-

doing. Their disclosure and regular updating enables 

appropriate management plans to be developed and 

implemented, and facilitates transparent assessment of 

the potential for bias. 

 Many trials and non-industry sponsors have a con1 ict 

of interest policy for their investigators, and checklists are 

available to guide potential interests that should be dis-

closed and regularly updated by trial investigators. 361    362  

Types of & nancial ties include salary support or grants; 

ownership of stock or options; honorariums (eg, for advice, 

authorship, or public speaking); paid consultancy or serv-

ice on advisory boards and medical education companies; 

and receipt of patents or patents pending. Non-& nancial 

competing interests include academic commitments; per-

sonal or professional relationships; and political, religious, 

or other a8  liations with special interests or advocacy posi-

tions. 

 Access to data 

 Item 29: Statement of who will have access to the final 

trial dataset, and disclosure of contractual agreements 

that limit such access for investigators 

 Explanation 

 The validity of results from interventional trials can be 

veri& ed only by individuals who have full access to the 

complete & nal dataset. For some multicentre trials, only 

 Confidentiality 

 Item 27: How personal information about potential 

and enrolled participants will be collected, shared, and 

maintained in order to protect confidentiality before, 

during, and after the trial   

 Explanation 

 Personal information about participants is acquired during 

the process of trial recruitment, eligibility screening, and 

data collection. Much of this information consists of private 

details over which people customarily wish to maintain 

control, such as their health status, personal genotype, and 

social and family history. 

 The protocol should describe the means whereby per-

sonal information is collected, kept secure, and main-

tained. In general, this involves: 1) the creation of coded, 

depersonalised data where the participant’s identifying 

information is replaced by an unrelated sequence of char-

acters; 2) secure maintenance of the data and the linking 

code in separate locations using encrypted digital & les 

within password protected folders and storage media; and 

3) limiting access to the minimum number of individuals 

necessary for quality control, audit, and analysis. The 

protocol should also describe how the con& dentiality of 

data will be preserved when the data are transmitted to 

sponsors and coinvestigators (eg, virtual private network 

internet transmission). 

 Declaration of interests 

 Item 28: Financial and other competing interests for 

principal investigators for the overall trial and each study 

site   

 Example 

 “8.5 Confidentiality 
 All study-related information will be stored securely at the study 
site. All participant information will be stored in locked file 
cabinets in areas with limited access. All laboratory specimens, 
reports, data collection, process, and administrative forms will be 
identified by a coded ID [identification] number only to maintain 
participant confidentiality. All records that contain names or other 
personal identifiers, such as locator forms and informed consent 
forms, will be stored separately from study records identified by 
code number. All local databases will be secured with password-
protected access systems. Forms, lists, logbooks, appointment 
books, and any other listings that link participant ID numbers to 
other identifying information will be stored in a separate, locked 
file in an area with limited access. 

 All HIV test results will be kept strictly confidential, all 
counseling and blood draws will be conducted in private rooms, 
and study staff will be required to sign agreements to preserve 
the confidentiality of all participants. Study staff will never inform 
network members of the serostatus of other members of their 
group, but counselors will provide general messages about 
the prevalence of HIV in the study population in the interests of 
emphasizing harm reduction. 
 Participants’ study information will not be released outside 
of the study without the written permission of the participant, 
except as necessary for monitoring by NIAID [National Institute 
of Allergy and Infectious Diseases] and/or its contractors . . . 
representatives of the HPTN CORE [HIV Prevention Trials Network 
Coordinating and Operations Center] . . . and US or in-country 
government and regulatory authorities.” 359  

 Example 

 “ PS  :  

 1. Was the Principal Investigator of the second International 
Stroke Trial (IST-2) to evaluate a neuroprotective compound 
(619c89). . .  

 2. Has received lecture fees and travel expenses from Bayer and 
from Boehringer Ingelheim for lectures given at international 
conferences. 

 3. He serves on the Independent Data Monitoring and Safety 
Board of the RELY trial, funded by Boehringer Ingelheim and 
receives attendance fees and travel expenses for attending 
board meetings. 

 4. He does not have any paid consultancies with 
pharmaceutical companies, and is not a member of the 
Speaker’s Panel of any company. 

  KBS : 
 Received an honorarium for a lecture from Boehringer 
Ingelheim and had costs for participating in scientific meetings 
reimbursed. . .”  124  
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study participants to interventions identified as ben-

e& cial in the study or access to other appropriate care or 

bene& ts.” 1  This principle is particularly applicable—and 

controversial—when research enabling the development 

and regulatory approval of interventions is performed in 

countries where subsequent access to the interventions is 

limited by cost or lack of availability. 368  

 The protocol should describe any plans to provide or pay 

for ancillary care during the trial and identify any interven-

tions, bene& ts, or other care that the sponsor will continue 

to provide to participants and host communities a# er the 

trial is completed. 369  Any plans to compensate participants 

for trial related harms should also be outlined. 

 Dissemination policy—trial results 

 Item 31a: Plans for investigators and sponsor to 

communicate trial results to participants, healthcare 

professionals, the public, and other relevant groups (eg, 

via publication, reporting in results databases, or other 

data sharing arrangements), including any publication 

restrictions   

 Explanation 

 A fundamental ethical principle in clinical trials is that 

the potential risks incurred by study participants should 

be balanced by the bene& t of contributing to publicly 

available knowledge. 371  Unfortunately, about half of 

the steering group has access to the full trial dataset in 

order to ensure that the overall results are not disclosed 

by an individual study site prior to the main publication. 

Many of these trials will allow site investigators to access 

the full dataset if a formal request describing their plans is 

approved by the steering group. The World Medical Asso-

ciation supports the principle that trial investigators retain 

the right to access data. 363  However, among protocols of 

industry initiated randomised trials published in 2008-9 in 

the  Lancet  or approved in 2004 by a Danish ethics commit-

tee, 30-39% stated that the sponsor owned the data while 

0-3% stated that principal investigators had access to all 

trial data. 10    364  Similar constraints were found in Danish 

trial protocols from 1994-5. 10  

 The protocol should identify the individuals involved 

in the trial who will have access to the full dataset. Any 

restrictions in access for trial investigators should also be 

explicitly described. 

 Ancillary and post-trial care 

 Item 30: Provisions, if any, for ancillary and post-trial 

care, and for compensation to those who suffer harm from 

trial participation   

 Explanation 

 The provision of ancillary care refers to the provision of 

care beyond that immediately required for the proper and 

safe conduct of the trial, and the treatment of immediate 

adverse events related to trial procedures. It is generally 

agreed that trial sponsors and investigators should plan to 

provide care for participants’ healthcare needs that arise as 

a direct consequence of trial participation (eg, intervention 

related harms). It is also important to consider whether 

care should be provided for certain ancillary needs that 

may otherwise arise during trial participation. Provision 

of care for ancillary needs re1 ects the fact that participants 

implicitly, but unavoidably, entrust certain aspects of their 

health to the research team. The scope of entrustment 

will vary depending on the nature of the trial (eg, setting, 

health condition under study, investigations performed). 366  

Additional factors that in1 uence the strength of the claim 

to ancillary care include participants’ vulnerabilities; 

uncompensated burdens and harms; the intensity and 

duration of the participant-researcher relationship; and 

the degree to which participants are uniquely dependent 

on the research team for health care. 367  

 The Declaration of Helsinki states that “the protocol 

should describe arrangements for post-study access by 

 Example 

 “12.10.1 Intra-Study Data Sharing 
 The Data Management Coordinating Center will oversee the 
intra-study data sharing process, with input from the Data 
Management Subcommittee. 
 All Principal Investigators (both US and host country) will be given 
access to the cleaned data sets. Project data sets will be housed 
on the Project Accept Web site and/or the file transfer protocol 
site created for the study, and all data sets will be password 
protected. Project Principal Investigators will have direct access 
to their own site’s data sets, and will have access to other sites 
data by request. To ensure confidentiality, data dispersed 
to project team members will be blinded of any identifying 
participant information.” 113  

 Examples 

 “Patients that are enrolled into the study are covered by 
indemnity for negligent harm through the standard NHS 
[National Health Service] Indemnity arrangements. The 
University of Sheffield has insurance to cover for non-negligent 
harm associated with the protocol . . . This will include cover 
for additional health care, compensation or damages whether 
awarded voluntarily by the Sponsor, or by claims pursued through 
the courts. Incidences judged to arise from negligence (including 
those due to major protocol violations) will not be covered by 
study insurance policies. The liability of the manufacturer of 
IL1RA (Amgen Corporation) is strictly limited to those claims 
arising from faulty manufacturing of the commercial product and 
not to any aspects of the conduct of the study.” 145  

 “13.6 Access to Effective Products 
 Should this study provide evidence of the effectiveness of TDF 
[tenofovir disoproxil fumarate], FTC [emtricitabine]/TDF and/or 
tenofovir 1% gel in preventing HIV infection, it will be critical to 
provide access to the effective product(s) to study participants, 
their communities, and the worldwide population at risk for 
HIV infection in a timely manner. In preparation for this study, 
discussions have begun with Gilead Sciences, Inc. and CONRAD 
[Contraceptive Research and Development Organization] to 
ensure such access. Considerations under discussion include 
licensing agreements and preferred pricing arrangements for the 
study communities and other resource-poor settings. 
 While this study is ongoing, the MTN [Microbicide Trials Network] 
will continue these discussions. In addition, discussions will 
be initiated with other public and private funding sources such 
as the WHO, UNAIDS, Gates Foundation, and appropriate site 
government agencies that may be able to purchase product 
supplies in bulk and offer them at low or no cost to the study 
communities and other resource-poor communities most in need 
of the product(s). Operations and marketing research also may 
be conducted to determine how best to package and distribute 
the products, and maximize their acceptability and use, in at-risk 
populations.” 365  
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 Furthermore, any conditions relating to the investiga-

tors’ right to publish or present trial results should be 

explicitly described. Publication restrictions have been 

imposed by various groups, including industry sponsors 

or the trial steering group (eg, to maintain the integrity 

of the overall dataset). 10    380  These restrictions are some-

times not described in the protocol but rather in separate 

publication agreements. 10  However, as they can interfere 

with the ethical responsibility of investigators and spon-

sors to disseminate trial results in an unbiased and timely 

manner, 38    381  -   384  any restrictions should be disclosed in 

the protocol for review by REC/IRBs, funders, and other 

stakeholders. A review of industry initiated randomised 

trial protocols approved in Denmark in 1994-95 revealed 

that 91% had publication restrictions imposed by spon-

sors; similar constraints were noted for protocols approved 

in 2004. 10  

 Dissemination policy—authorship 

 Item 31b: Authorship eligibility guidelines and any 

intended use of professional writers   

clinical trials remain unpublished. 80    83  Trials with statisti-

cally non-signi& cant results or industry funding are more 

prone to non-publication, 36    38    80  -   83  although government 

funded trials are also susceptible. 81  When published, 

trials with non-signi& cant results o# en have a longer 

delay to publication. 80    83  Overall, the medical literature 

represents a biased subset of existing data, potentially 

leading to overestimation of bene& ts, underestimation 

of harms, and a detrimental impact on patient care and 

research. 80    372  -   377  

 Although peer reviewers can be biased in favour of 

positive & ndings, 378  lack of publication appears to be 

primarily due to trial investigators or sponsors failing 

to submit negative or null results, rather than journals 

rejecting them. 80    379  A plan to disseminate trial results 

to key stakeholders should be outlined in the protocol, 

including a process and timeframe for approving and 

submitting reports for dissemination (eg, via journal 

publication, trial registry, trial website), and an explicit 

statement that the results will be disseminated regardless 

of the magnitude or direction of e" ect. 

 Example 

 “XII. Publication Policy 
 The Publications subcommittee will review all publications following the guidelines given below and 
report its recommendations to the Steering Committee. 

 A. Data analysis and release of results 
 The scientific integrity of the project requires that the data from all BEST [Beta-Blocker Evaluation of 
Survival Trial] sites be analyzed study-wide and reported as such. Thus, an individual center is not 
expected to report the data collected from its center alone . . . all presentations and publications 
are expected to protect the integrity of the major objective(s) of the study; data that break the blind 
will not be presented prior to the release of mainline results. Recommendations as to the timing of 
presentation of such endpoint data and the meetings at which they might be presented will be given 
by the Steering Committee. 

 B. Review process 
 Each paper or abstract, as described below, must be submitted to the appropriate Subcommittee 
for review of its appropriateness and scientific merit prior to submission. The Subcommittee may 
recommend changes to the authors and will finally submit its recommendations to the Steering 
Committee for approval. 

 C. Primary outcome papers 
 The primary outcome papers of BEST are papers that present outcome data . . . The determination 
of whether or not a particular analysis represents a primary outcome will be made by the Steering 
Committee on the recommendation of the Publications Subcommittee . . . 

 D. Other study papers, abstracts and presentations 
 All studies other than those designated as “Primary Outcome” fall within this category . . . All papers 
and abstracts must be approved by the Publications Committee before they are submitted. 

 It is possible that in certain instances BEST may be asked to contribute papers to workshops, 
symposia, volumes, etc. The individuals to work on such requests should be appointed by the 
Executive Committee, but where time permits, a proposal will be circulated soliciting other 
participants as in the case of other study papers as described in the Application Review Process. 

 XIII. Close-out Procedures 
 BEST may terminate at the planned target of 1.5 years after the last participant has been 
randomized, or at an earlier or later date if the circumstances warrant . . . Regardless of the timing and 
circumstances of the end of the study, close-out will proceed in two stages: 
•  Interim period for analysis and documentation of study results. 
•  Debriefing of participants and dissemination of study results. 

 A. Interim 
 Every attempt will be made to reduce to an absolute minimum the interval between the completion of 
data collection and the release of the study results. We expect to take about 3 to 4 months to compile 
the final results paper for an appropriate journal. 

 B. Reporting of study results 
 The study results will be released to the participating physicians, referring physicians, patients and 
the general medical community.” 370  

 Example 

 “17.4. Assignment of Writing Committees 
 Topics suggested for presentation or publication will be 
circulated to the PIs [principal investigators] of the CCCs [core 
coordinating centers], the DCC [data coordinating centre], Core 
Lab and the NIH [National Institutes of Health]. These groups 
are requested to suggest and justify names for authors to be 
reviewed by the PC [publications committee]. . . If a topic is 
suggested by a participant of the FSGS-CT [focal segmental 
glomerulosclerosis—clinical trial], the writing committee will 
be formed as just described except that the person making the 
suggestion may be considered as the lead author. The PI of an 
ancillary study should be considered for lead author of material 
derived from this study. Disputes regarding authorship will be 
settled by the Study Chair after consultation with the Chair of the 
PC . . . 

 17.5. Reports of the FSGS-CT: Classes of Reports 
 There are three classes of reports of the FSGS-CT: 

 A. Reports of the major outcomes of the Study. 

 B. Reports addressing in detail one aspect of the FSGS-CT, but in 
which the data are derived from the entire study. 

 C. Reports of data derived from a subset of centers by members 
of the FSGS-CT, (eg, sub-studies or ancillary studies), or reports 
of investigations initiated outside of the FSGS-CT, but using 
data or samples collected by the FSGS-CT. . . 

 17.6. Authorship Policy 
 The authors of FSGS publications will be listed as detailed below. 

 Type A publications: 

 abstracts: from the FSGS Clinical Trial Group x , presented by 
XXXX. 

 papers: from the FSGS Clinical Trial Group x , prepared by XXXX. 
  x The FSGS participant box, detailed below, must be included 

in these papers. If a journal’s publication policy does not allow 
authorship by a group, the authors will be listed first as in Type B 
publications. 

 Type B publications: 
 . . . 

 17.7. Authorship: Professional Participants Listing in the 
FSGS Participant Box 
 The FSGS participant box will list all professionals that have 
participated in the FSGS-CT for a minimum of one year.” 267  
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 Avenues for providing access to full protocols include 

journals, 407    408  trial websites, and trial registries. 163  Several 

journals and funders support the sharing of participant 

level data, 405    409  -   411  while others routinely publish a state-

ment regarding sharing of protocols, statistical codes, and 

datasets for all of their published research articles. 412    413  

 The protocol should indicate whether the trial protocol, 

full study report, anonymised participant level dataset, 

and statistical code for generating the results will be made 

publicly available; and if so, describe the timeframe and 

any other conditions for access. 

 Section 5: Appendices 

 Informed consent materials 

 Item 32: Model consent form and other related 

documentation given to participants and authorised 

surrogates   

 Explanation 

 The Declaration of Helsinki states that each potential trial 

participant must normally, at a minimum, be adequately 

informed about the purpose of the trial; potential ben-

e& ts and risks; their right to refuse participation or to 

withdraw consent at any time; institutional a8  liation 

and potential competing interests of the researcher; and 

sources of trial funding. 1  There are rare exceptions where 

deferred consent can be acceptable, such as trials involv-

ing unconscious patients in emergency situations. 

 Special attention is required to ensure that relevant 

information is provided and appropriate modes of deliv-

ery are used during the consent process (Item 26). 414  Con-

sent and participant information forms are o# en written 

at a much higher reading level than is acceptable for the 

general population. 415  Depending on the nature of the 

trial, several di" erent consent documents may be needed. 

For example, a paediatric trial may involve both parental 

permission and participant assent documents. For mul-

ticentre trials, a model or sample document is typically 

dra# ed for distribution to local investigators, who may 

then revise the document to comply with local require-

ments. 

 Biological specimens 

 Item 33: Plans for collection, laboratory evaluation, and 

storage of biological specimens for genetic or molecular 

analysis in the current trial and for future use in ancillary 

studies, if applicable   

 Explanation 

 Substantive contributions to the design, conduct, inter-

pretation, and reporting of a clinical trial are recognised 

through the granting of authorship on the & nal trial report. 

Authorship guidelines in the protocol are intended to help 

enhance transparency and avoid disputes or misunder-

standing a# er trial completion. These guidelines should 

de& ne criteria for individually named authors or group 

authorship. 385  

 Individuals who ful& l authorship criteria should not 

remain hidden (ghost authorship) and should have & nal 

authority over manuscript content. 9    386    387  Similarly, 

those who do not ful& l such criteria should not be granted 

authorship (guest authorship). 386    388  The International 

Committee of Medical Journal Editors has de& ned author-

ship criteria for manuscripts submitted for publication, 389  

although these criteria have reportedly been open to 

abuse. 390  If some protocol authors are not named authors 

of subsequent publications, their role in protocol design 

should at least be acknowledged in the published report. 

Among 44 protocols of industry initiated trials, 75% had 

evidence of ghost authorship when compared with corre-

sponding journal publications. 9  

 Professional medical writers are sometimes hired to 

improve clarity and structure in a trial report, and guide-

lines for ethical collaborative writing have been devel-

oped. 391    392  Because the dra# ing of text can in1 uence how 

the study results and conclusions are portrayed, plans for 

the employment of writers and their funding source should 

be acknowledged in both protocols and trial reports. 

 Dissemination policy—reproducible research 

 Item 31c: Plans, if any, for granting public access to the 

full protocol, participant-level dataset, and statistical 

code   

 Explanation 

 Given the central role of protocols in enhancing transpar-

ency, reproducibility, and interpretation of trial results, 

there is a strong ethical and scienti& c imperative to ensure 

that full protocols are made publicly available. 24    394    395  

High quality protocols contain relevant details on study 

design and conduct that are generally not available in jour-

nal publications or trial registries. 84    396  It is also important 

to make available the full study report, such as the “clinical 

study report” submitted to regulatory agencies by industry 

sponsors. 377    396  -   400  This detailed report provides the most 

comprehensive description of trial methods (including the 

full protocol) and all published and unpublished analyses. 

In addition, there have increasingly been calls to improve 

the availability of participant-level datasets and statisti-

cal code a# er journal publication to enable veri& cation 

and replication of analyses, facilitate pooling with other 

studies, and accelerate research through open knowledge 

sharing. 372    401  -   406  

 Example 

 “ Data sharing statement  No later than 3 years after the 
collection of the 1-year postrandomisation interviews, we will 
deliver a completely deidentified data set to an appropriate data 
archive for sharing purposes.” 393  

 Example 

 “APPENDIX 7 SAMPLE PATIENT INFORMED CONSENT 
 Note: . . . Each Ethics Committee or Institutional Review 

Board will revise and adapt according to their own institution’s 
guidelines. 

 MULTICENTER PHASE III RANDOMIZED TRIAL COMPARING 
DOXORUBICIN AND CYCLOPHOSPHAMIDE  . . .  

 Study number: BCIRG 006 (TAX GMA 302) 
 Investigator name: 
 Address: 
 Consent Form: 

 This consent form is part of the informed consent process. It 
is designed to give you an idea of what this research study is 
about and what will happen to you if you choose to be in the 
study. . .”  345  

chaa006386.indd   33 31/01/2013   10:33:39

 on 13 S
eptem

ber 2019 at N
ational A

cadem
ies R

esearch C
enter. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.e7586 on 9 January 2013. D
ow

nloaded from
 

196



34 of 42 BMJ | RESEARCH METHODS AND REPORTING

RESEARCH METHODS AND REPORTING

 Discussion 

 It is critical that every clinical trial has a complete and 

transparent protocol, which can then facilitate trial con-

duct and appraisal by communicating relevant infor-

mation to key stakeholders. In response to observed 

de& ciencies in protocol content, the SPIRIT Initiative has 

produced recommendations for minimum relevant proto-

col items to include in a protocol, published in the form 

of the SPIRIT 2013 Statement and this Explanation and 

Elaboration (E&E) paper. 14  The strengths that distinguish 

SPIRIT from other protocol guidance documents include 

its systematic and transparent development methods; 

participation of a wide range of key stakeholders; use of 

empirical evidence to support its recommendations; and 

availability of detailed guidance including model examples 

from protocols. 

 The overall aim of SPIRIT is to improve the completeness 

and transparency of trial protocols. The SPIRIT documents 

can serve as a practical resource for trial investigators and 

personnel to dra#  and understand the key elements of a 

protocol. In doing so, our vision is that the SPIRIT 2013 

Statement and E&E paper will also facilitate and expedite 

the review of protocols by research ethics committees/

institutional review boards, scienti& c review groups, and 

funders—for example, by reducing the number of avoid-

able queries to trial investigators regarding missing or 

unclear protocol information during the review process. 

Furthermore, improved protocol content would help facili-

tate the critical appraisal of & nal trial reports and results. 

Finally, several SPIRIT items correspond to items on the 

CONSORT 2010 checklist (Consolidated Standards of 

Reporting Trials), 417  which should facilitate the transition 

from the protocol to the & nal study report.  

 The next steps for the SPIRIT Initiative include an imple-

mentation strategy to encourage uptake of the SPIRIT 2013 

Statement. The SPIRIT website ( www.spirit-statement.org ) 

will provide the latest resources and information on the ini-

tiative, including a list of supporters. We invite stakehold-

ers to assist in the evaluation of the SPIRIT Statement and 

E&E paper by using the documents and providing feedback 

to inform future revisions. Through widespread uptake and 

support, the potential to improve the completeness and 

quality of trial protocols, as well as the e8  ciency of their 

review, can be fully realised. 
 We thank Raymond Daniel for his help with reference management and 
Jessica Kitchen for her work with manuscript formatting and identi! cation 
of protocol examples. We also acknowledge GlaxoSmithKline for providing 
a sample of their trial protocols to serve as potential examples.  
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 Explanation 

 Biological specimens (eg, biopsy tissue; blood for DNA 

extraction) obtained during the conduct of clinical tri-

als can be stored in repositories—often designated as 

biobanks—for the current trial and future research. This 

process is usually governed by local regulation and has 

particular ethical considerations (Item 26b). 

 If the trial involves genetic or molecular analysis of 

biological specimens derived from humans, or if any 

specimens will be stored for future use (specified or 

unspeci& ed), the protocol should describe details about 

specimen collection, storage, and evaluation, including the 

location of repositories. In addition, the protocol should 

state whether collected samples and associated participant 

related data will be de-identi& ed or coded to protect partici-

pant con& dentiality. If a repository is overseen by a named 

research ethics committee/institutional review board, then 

this information should also be provided. 

 Example 

 “White Blood Cell and Plasma Collection Procedures 
 1.0 Objectives 
 1.1 To provide a resource for studies of early markers, etiology, and genetic risk factors for prostate 
cancer and other diseases. 
 2.0 Background 
 The Prostate Cancer Prevention Trial (PCPT) is a randomized double blind chemoprevention trial . . . 
 Initial blood collection was specifically for the analysis of PSA [prostate specific antigen] and storage 
of serum . . . an additional blood collection will be carried out using anticoagulant so that plasma and 
white blood cells can be isolated. Plasma will allow the analysis of additional biomarkers . . . This DNA 
will be used (among other possible uses) for studies to investigate polymorphisms in genes which 
may influence prostate cancer risk . . . 
 The PCPT WBC [white blood cell] sample will be available to PCPT investigators as well as outside 
researchers who have important, timely hypotheses to test. Because the sample bank is a limited 
resource, proposals to use it will be evaluated in terms of scientific relevance, significance, and 
validity as well as the potential impact of the proposed study. The amount and type of material 
needed will also be considered and the efficient use of material will be required. Strict confidentiality 
will be exercised and the information provided to investigators will not contain personal identifiers. 
 When specific uses of the WBC samples are approved, the SWOG-9217 protocol will be amended. 
 Participation in this research is not required for continued participation in the PCPT. 

 3.0 Methods 
 3.1 Because the original model consent form did not specifically address genetic studies, participants 
will be asked to sign an additional consent form to document their consent to the collection and 
submission of additional blood samples for storage and future testing (including genetic analysis). 

 3.2 Institutions will be asked to submit additional materials from participants who consent to the 
additional blood collection. The blood is to be collected, processed and shipped as described in the 
PCPT Study Manual. 

 3.3 NCI-Frederick Cancer Research Development Center (FCRDC) in Frederick, Maryland will serve as 
the processing, aliquotting and storage facility. 

 3.4 Upon arrival at FCRDC the blood will be pooled and centrifuged. Plasma will be separated into 5 
x 1.8 ml aliquots and frozen . . . 

 3.5 All samples will be logged in and aliquots will be bar coded with a unique storage ID. These data 
will be electronically transmitted to the Statistical Center for verification. 

 3.6 The scientists who will carry out analyses on these materials will not have access to personal 
identifiers and will not be able to link the results of these tests to personal identifier information. No 
individual results will be presented in publications or other reports. . . . 

 3.7 Participants will not be informed on an individual basis of any results from these studies . . . 

 4.0 Sample analysis 
 4.1 Investigators planning to submit NIH [National Institutes of Health] grant applications must obtain 
approval for their study and specimen access from the PCPT Serum and Tissue Utilization Committee 
before submission of a grant proposal. Potential investigators will be required to submit a brief 
abstract and 1-4 page outline . . . This proposal will be circulated for review to members of the PCPT 
Serum and Tissue Utilization Committee and two ad hoc members having relevant expertise . . . 

 4.2 It is anticipated that proposals will be reviewed once a year . . . Approval by this group as well as 
appropriate Institutional Review Board approval from the investigator’s institution will be required 
before release of samples.” 416  
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and neutral resource that supports and 

complements efforts of the research enter-

prise and its key stakeholders.

Universities should insist that their fac-

ulties and students are schooled in the eth-

ics of research, their publications feature 

neither honorific nor ghost authors, their 

public information offices avoid hype in 

publicizing findings, and suspect research 

is promptly and thoroughly investigated. 

All researchers need to realize that the 

best scientific practice is produced when, 

like Darwin, they persistently search for 

flaws in their arguments. Because inherent 

variability in biological systems makes it 

possible for researchers to explore differ-

ent sets of conditions until the expected 

(and rewarded) result is obtained, the need 

for vigilant self-critique may be especially 

great in research with direct application to 

human disease. We encourage each branch 

of science to invest in case studies identify-

ing what went wrong in a selected subset 

of nonreproducible publications—enlisting 

social scientists and experts in the respec-

tive fields to interview those who were 

involved (and perhaps examining lab note-

books or redoing statistical analyses), with 

the hope of deriving general principles for 

improving science in each field.

Industry should publish its failed efforts 

to reproduce scientific findings and join 

scientists in the academy in making the 

case for the importance of scientific work. 

Scientific associations should continue to 

communicate science as a way of know-

ing, and educate their members in ways to 

more effectively communicate key scien-

tific findings to broader publics. Journals 

should continue to ask for higher stan-

dards of transparency and reproducibility.

We recognize that incentives can backfire. 

Still, because those such as enhanced social 

image and forms of public recognition ( 10, 

 11) can increase productive social behavior 

( 12), we believe that replacing the stigma of 

retraction with language that lauds report-

ing of unintended errors in a publication will 

increase that behavior. Because sustaining a 

good reputation can incentivize cooperative 

behavior ( 13), we anticipate that our pro-

posed changes in the review process will not 

only increase the quality of the final product 

but also expose efforts to sabotage indepen-

dent review. To ensure that such incentives 

not only advance our objectives but above 

all do no harm, we urge that each be scru-

tinized and evaluated before being broadly 

implemented.

Will past be prologue? If science is to 

enhance its capacities to improve our un-

derstanding of ourselves and our world, 

protect the hard-earned trust and esteem 

in which society holds it, and preserve its 

role as a driver of our economy, scientists 

must safeguard its rigor and reliability in 

the face of challenges posed by a research 

ecosystem that is evolving in dramatic and 

sometimes unsettling ways. To do this, the 

scientific research community needs to be 

involved in an ongoing dialogue. We hope 

that this essay and the report The Integrity 

of Science ( 14), forthcoming in 2015, will 

serve as catalysts for such a dialogue.

Asked at the close of the U.S. Consti-

tutional Convention of 1787 whether the 

deliberations had produced a republic or 

a monarchy, Benjamin Franklin said “A 

Republic, if you can keep it.” Just as pre-

serving a system of government requires 

ongoing dedication and vigilance, so too 

does protecting the integrity of science.        ■
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“Instances in which 
scientists detect and
address flaws in work 
constitute evidence
of success, not failure.”

           T
ransparency, openness, and repro-

ducibility are readily recognized as 

vital features of science ( 1,  2). When 

asked, most scientists embrace these 

features as disciplinary norms and 

values ( 3). Therefore, one might ex-

pect that these valued features would be 

routine in daily practice. Yet, a growing 

body of evidence suggests that this is not 

the case ( 4– 6).

A likely culprit for this disconnect is an 

academic reward system that does not suf-

ficiently incentivize open practices ( 7). In the 

present reward system, emphasis on innova-

tion may undermine practices 

that support verification. Too 

often, publication requirements 

(whether actual or perceived) fail to encour-

age transparent, open, and reproducible sci-

ence ( 2,  4,  8,  9). For example, in a transparent 

science, both null results and statistically 

significant results are made available and 

help others more accurately assess the evi-

dence base for a phenomenon. In the present 

culture, however, null results are published 

less frequently than statistically significant 

results ( 10) and are, therefore, more likely 

inaccessible and lost in the “file drawer” ( 11).

The situation is a classic collective action 

problem. Many individual researchers lack 
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strong incentives to be more transparent, 

even though the credibility of science would 

benefit if everyone were more transparent. 

Unfortunately, there is no centralized means 

of aligning individual and communal incen-

tives via universal scientific policies and pro-

cedures. Universities, granting agencies, and 

publishers each create different incentives 

for researchers. With all of this complexity, 

nudging scientific practices toward greater 

openness requires complementary and coor-

dinated efforts from all stakeholders.

THE TRANSPARENCY AND OPENNESS 

PROMOTION GUIDELINES. The Transpar-

ency and Openness Promotion (TOP) Com-

mittee met at the Center for Open Science 

in Charlottesville, Virginia, in November 

2014 to address one important element of 

the incentive systems: journals’ 

procedures and policies for pub-

lication. The committee con-

sisted of disciplinary leaders, 

journal editors, funding agency 

representatives, and disciplin-

ary experts largely from the 

social and behavioral sciences. 

By developing shared standards 

for open practices across jour-

nals, we hope to translate sci-

entific norms and values into 

concrete actions and change the 

current incentive structures to 

drive researchers’ behavior to-

ward more openness. Although 

there are some idiosyncratic is-

sues by discipline, we sought to 

produce guidelines that focus 

on the commonalities across 

disciplines.

Standards. There are eight 

standards in the TOP guidelines; 

each moves scientific communi-

cation toward greater openness. 

These standards are modular, 

facilitating adoption in whole 

or in part. However, they also 

complement each other, in that 

commitment to one standard 

may facilitate adoption of oth-

ers. Moreover, the guidelines are sensitive 

to barriers to openness by articulating, for 

example, a process for exceptions to shar-

ing because of ethical issues, intellectual 

property concerns, or availability of neces-

sary resources. The complete guidelines are 

available in the TOP information commons 

at http://cos.io/top, along with a list of 

signatories that numbered 86 journals and 

26 organizations as of 15 June 2015. The 

table provides a summary of the guidelines.

First, two standards reward research-

ers for the time and effort they have spent 

engaging in open practices. (i) Citation 

standards extend current article citation 

norms to data, code, and research materi-

als. Regular and rigorous citation of these 

materials credit them as original intellec-

tual contributions. (ii) Replication stan-

dards recognize the value of replication 

for independent verification of research 

results and identify the conditions under 

which replication studies will be published 

in the journal. To progress, science needs 

both innovation and self-correction; repli-

cation offers opportunities for self-correc-

tion to more efficiently identify promising 

research directions.

Second, four standards describe what 

openness means across the scientific pro-

cess so that research can be reproduced 

and evaluated. Reproducibility increases 

confidence in results and also allows schol-

ars to learn more about what results do 

and do not mean. (i) Design standards in-

crease transparency about the research 

process and reduce vague or incomplete 

reporting of the methodology. (ii) Research 

materials standards encourage the provi-

sion of all elements of that methodology. 

(iii) Data sharing standards incentivize 

authors to make data available in trusted 

repositories such as Dataverse, Dryad, the 

Interuniversity Consortium for Political and 

Social Research (ICPSR), the Open Science 

Framework, or the Qualitative Data Reposi-

tory. (iv) Analytic methods standards do the 

same for the code comprising the statistical 

models or simulations conducted for the re-

search. Many discipline-specific standards 

for disclosure exist, particularly for clini-

cal trials and health research more gener-

ally (e.g., www.equator-network.org). Many 

more are emerging for other disciplines, 

such as those developed by Psychological 

Science ( 12).

Finally, two standards address the values 

resulting from preregistration. (i) Standards 

for preregistration of studies facilitate the 

discovery of research, even unpublished 

research, by ensuring that the existence of 

the study is recorded in a public registry. 

(ii) Preregistration of analysis plans certify 

the distinction between confirmatory and 

exploratory research, or what is also called 

hypothesis-testing versus hypothesis-gen-

erating research. Making transparent the 

distinction between confirmatory and ex-

ploratory methods can enhance reproduc-

ibility ( 3,  13,  14).

Levels. The TOP Committee recognized 

that not all of the standards are applicable 

to all journals or all disciplines. Therefore, 

rather than advocating for a single set of 

guidelines, the TOP Committee defined IL
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Citation standards Journal encourages 
citation of data, code, 
and materials—or says 
nothing.

Journal describes 
citation of data in 
guidelines to authors 
with clear rules and 
examples.

Article provides appropriate 
citation for data and materials 
used, consistent with journal's 
author guidelines.

Article is not published until 
appropriate citation for data 
and materials is provided that 
follows journal's author 
guidelines.

 

Data transparency Journal encourages 
data sharing—or says 
nothing.

Article states whether 
data are available and, 
if so, where to access 
them.

Data must be posted to a 
trusted repository. Exceptions 
must be identifed at article 
submission.

Data must be posted to a 
trusted repository, and 
reported analyses will be 
reproduced independently 
before publication.

Analytic methods 
(code) transparency

Journal encourages 
code sharing—or says 
nothing.

Article states whether 
code is available and, if 
so, where to access 
them.

Code must be posted to a 
trusted repository. Exceptions 
must be identifed at article 
submission.

Code must be posted to a 
trusted repository, and 
reported analyses will be 
reproduced independently 
before publication.

Research materials 
transparency

Journal encourages 
materials sharing—or 
says nothing

Article states whether 
materials are available 
and, if so, where to 
access them.

Materials must be posted to a 
trusted repository. Exceptions 
must be identifed at article 
submission.

Materials must be posted to a 
trusted repository, and 
reported analyses will be 
reproduced independently 
before publication.

Design and analysis 
transparency

Journal encourages 
design and analysis 
transparency or says 
nothing.

Journal articulates 
design transparency 
standards.

Journal requires adherence to 
design transparency standards 
for review and publication.

Journal requires and enforces 
adherence to design transpar-
ency standards for review and 
publication.

Preregistration 
of studies

Journal says nothing. Journal encourages 
preregistration of 
studies and provides 
link in article to 
preregistration if it 
exists.

Journal encourages preregis-
tration of studies and provides 
link in article and certifcation 
of meeting preregistration 
badge requirements.

Journal requires preregistration 
of studies and provides link and 
badge in article to meeting 
requirements.

Preregistration 
of analysis plans

Journal says nothing. Journal encourages 
preanalysis plans and 
provides link in article 
to registered analysis 
plan if it exists.

Journal encourages preanaly-
sis plans and provides link in 
article and certifcation of 
meeting registered analysis 
plan badge requirements.

Journal requires preregistration 
of studies with analysis plans 
and provides link and badge in 
article to meeting requirements.

Replication Journal discourages 
submission of 
replication studies—or 
says nothing.

Journal encourages 
submission of 
replication studies.

Journal encourages submis-
sion of replication studies and 
conducts blind review of 
results.

Journal uses Registered 
Reports as a submission option 
for replication studies with peer 
review before observing the 
study outcomes.

 LEVEL 0 LEVEL 1 LEVEL 2  LEVEL 3

Summary of the eight standards and three levels of the TOP guidelines
Levels 1 to 3 are increasingly stringent for each standard. Level 0 ofers a comparison that does not meet the standard.

three levels for each standard. Level 1 is de-

signed to have little to no barrier to adop-

tion while also offering an incentive for 

openness. For example, under the analytic 

methods (code) sharing standard, authors 

must state in the text whether and where 

code is available. Level 2 has stronger ex-

pectations for authors but usually avoids 

adding resource costs to editors or pub-

lishers that adopt the standard. In Level 2, 

journals would require code to be deposited 

in a trusted repository and check that the 

link appears in the article and resolves to 

the correct location. Level 3 is the strongest 

standard but also may present some barri-

ers to implementation for some journals. 

For example, the journals Political Analysis 

and Quarterly Journal of Political Science 

require authors to provide their code for 

review, and editors reproduce the reported 

analyses publication. In the table, we pro-

vide “Level 0” for comparison of common 

journal policies that do not meet the trans-

parency standards.

Adoption. Defining multiple levels and 

distinct standards facilitates informed 

decision-making by journals. It also ac-

knowledges the variation in evolving norms 

about research transparency. Depending on 

the discipline or publishing format, some 

of the standards may not be relevant for 

a journal. Journal and publisher decisions 

can be based on many factors—including 

their readiness to adopt modest to stron-

ger transparency standards for authors, 

internal journal operations, and disciplin-

ary norms and expectations. For example, 

in economics, many highly visible journals 

such as American Economic Review have 

already adopted strong policies requiring 

data sharing, whereas few psychology jour-

nals have comparable requirements.

In this way, the levels are designed to fa-

cilitate the gradual adoption of best prac-

tices. Journals may begin with a standard 

that rewards adherence, perhaps as a step 

toward requiring the practice. For example, 

Psychological Science awards badges for 

“open data,” “open materials,” and “prereg-

istration” ( 12), and approximately 25% of 

accepted articles earned at least one badge 

in the first year of operation.

The Level 1 guidelines are designed to 

have minimal effect on journal efficiency 

and workflow while also having a measur-

able impact on transparency. Moreover, 

although higher levels may require greater 

implementation effort up front, such efforts 

may benefit publishers and editors and the 

quality of publications by, for example, re-
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          I
n synthetic ecology, a nascent offshoot 

of synthetic biology, scientists aim to 

design and construct microbial com-

munities with desirable properties. 

Such mixed populations of microor-

ganisms can simultaneously perform 

otherwise incompatible functions ( 1). 

Compared with individual organisms, they 

can also better resist losses in function as 

a result of environmental perturbation or 

invasion by other species ( 2). Synthetic 

ecology may thus be a promising approach 

for developing robust, stable biotechno-

logical processes, such as the conversion 

of cellulosic biomass to biofuels ( 3). How-

ever, achieving this will require detailed 

knowledge of the principles that guide the 

structure and function of microbial com-

munities (see the image).

Recent work with synthetic communities 

is shedding light on microbial interactions 

that may lead to new principles for commu-

nity design and engineering. In game the-

ory, cooperators provide publicly available 

goods that benefit all, whereas cheaters 

exploit those goods without reciprocation. 

The tragedy of the commons predicts that 

cheaters are more fit than cooperators, 

eventually destroying the cooperation. Yet, 

this is not borne out by observations. For 

example, using a synthetic consortium of 

genetically modified yeast to represent co-

operators and cheaters, Waite and Shou ( 4) 

found that, although initially less fit than 

cheaters, cooperators rapidly dominated in 

a fraction of the cultures. The evolved coop-

erators harbored mutations allowing them 

to grow at much lower nutrient concentra-

tions than their ancestor. This suggests that 

the tragedy of the commons can be avoided 

Ecological communities 
by design

Learning from nature. Photomicrograph of cyanobacterial-heterotroph microbial consortia derived from a 

phototrophic microbial mat community from a saline lake. Emerging understanding of cooperative mechanisms 

in such communities may be helpful in the design of synthetic communities for use in biotechnology.

By James K. Fredrickson 

Synthetic ecology requires knowledge of how 
microbial communities function

ECOLOGY

ducing time spent on communication with 

authors and reviewers, improving standards 

of reporting, increasing detectability of er-

rors before publication, and ensuring that 

publication-related data are accessible for a 

long time.

Evaluation and revision. An information 

commons and support team at the Center 

for Open Science is available (top@cos.io) 

to assist journals in selection and adop-

tion of standards and will track adoption 

across journals. Moreover, adopting jour-

nals may suggest revisions that improve 

the guidelines or make them more flexible 

or adaptable for the needs of particular 

subdisciplines.

The present version of the guidelines is 

not the last word on standards for openness 

in science. As with any research enterprise, 

the available empirical evidence will expand 

with application and use of these guide-

lines. To reflect this evolutionary process, 

the guidelines are accompanied by a version 

number and will be improved as experience 

with them accumulates.

Conclusion. The journal article is central 

to the research communication process. 

Guidelines for authors define what aspects 

of the research process should be made 

available to the community to evaluate, 

critique, reuse, and extend. Scientists rec-

ognize the value of transparency, openness, 

and reproducibility. Improvement of journal 

policies can help those values become more 

evident in daily practice and ultimately im-

prove the public trust in science, and sci-

ence itself.        ■

REFERENCES AND NOTES

 1. M. McNutt, Science 343, 229 (2014).  

 2. E. Miguel et al., Science 343, 30 (2014).  

 3. M. S. Anderson, B. C. Martinson, R. De Vries, J. Empir. Res. 

Hum. Res. Ethics 2, 3 (2007).  

 4. J. P. A. Ioannidis, M. R. Munafò, P. Fusar-Poli, B. A. Nosek, S. 

P. David, Trends Cogn. Sci. 18, 235 (2014).  

 5. L. K. John, G. Loewenstein, D. Prelec, Psychol. Sci. 23, 524 

(2012).  

 6. E. H. O’Boyle Jr., G. C. Banks, E. Gonzalez-Mule, J. Manage. 

10.1177/0149206314527133 (2014).

 7. B. A. Nosek, J. R. Spies, M. Motyl, Perspect. Psychol. Sci. 7, 

615 (2012).  

 8. J. B. Asendorpf et al., Eur. J. Pers. 27, 108 (2013).  

 9. J. P. Simmons, L. D. Nelson, U. Simonsohn, Psychol. Sci. 22, 

1359 (2011).  

 10. A. Franco, N. Malhotra, G. Simonovits, Science 345, 1502 

(2014).  

 11. R. Rosenthal, Psychol. Bull. 86, 638 (1979).  

 12. E. Eich, Psychol. Sci. 25, 3 (2014).  

 13. E.-J. Wagenmakers, R. Wetzels, D. Borsboom, H. L. van der 

Maas, R. A. Kievit, Perspect. Psychol. Sci. 7, 632 (2012).  

 14. C. D. Chambers, Cortex 49, 609 (2013).  

ACKNOWLEDGMENTS

This work was supported by the Laura and John Arnold 
Foundation.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/348/6242/1422/suppl/DC1

P
H

O
T

O
: 

A
L

IC
E

 D
O

H
N

A
L

K
O

V
A

/
P

N
N

L

10.1126/science.aab2374

Published by AAAS

on S
eptem

ber 13, 2019
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

209



Promoting an open research culture

T. Yarkoni
Paluck, U. Simonsohn, C. Soderberg, B. A. Spellman, J. Turitto, G. VandenBos, S. Vazire, E. J. Wagenmakers, R. Wilson and
Ishiyama, D. Karlan, A. Kraut, A. Lupia, P. Mabry, T. Madon, N. Malhotra, E. Mayo-Wilson, M. McNutt, E. Miguel, E. Levy 

J.Christensen, M. Contestabile, A. Dafoe, E. Eich, J. Freese, R. Glennerster, D. Goroff, D. P. Green, B. Hesse, M. Humphreys, 
B. A. Nosek, G. Alter, G. C. Banks, D. Borsboom, S. D. Bowman, S. J. Breckler, S. Buck, C. D. Chambers, G. Chin, G.

DOI: 10.1126/science.aab2374
 (6242), 1422-1425.348Science 

ARTICLE TOOLS http://science.sciencemag.org/content/348/6242/1422

MATERIALS
SUPPLEMENTARY http://science.sciencemag.org/content/suppl/2015/06/24/348.6242.1422.DC1

CONTENT
RELATED 

http://science.sciencemag.org/content/sci/349/6251/910.full
http://science.sciencemag.org/content/sci/349/6251/aac4716.full
http://stke.sciencemag.org/content/sigtrans/8/371/eg4.full
http://stke.sciencemag.org/content/sigtrans/8/371/fs7.full
http://science.sciencemag.org/content/sci/348/6242/1403.full
http://science.sciencemag.org/content/sci/348/6242/1420.full
http://science.sciencemag.org/content/sci/348/6242/1411.full

REFERENCES

http://science.sciencemag.org/content/348/6242/1422#BIBL
This article cites 14 articles, 3 of which you can access for free

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Terms of ServiceUse of this article is subject to the 

 is a registered trademark of AAAS.ScienceScience, 1200 New York Avenue NW, Washington, DC 20005. The title 
(print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement ofScience 

Copyright © 2015, American Association for the Advancement of Science

on S
eptem

ber 13, 2019
 

http://science.sciencem
ag.org/

D
ow

nloaded from
 

210



Comment
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shortcut, investing in magic bullets such as vaccines, 
antiretrovirals, and bednets that could be distributed 
without a well functioning health-care system, and 
even in war zones.8 These programmes saved millions 
of lives, but failed to launch the anticipated virtuous 
cycle of development, poverty reduction, and improved 
health systems. Many African countries remain 
deeply impoverished, and although child mortality 
has plummeted, weak health systems remain ill-
equipped to address soaring numbers of deaths and 
disability from heart disease, cancer, and other non-
communicable diseases.9

Bollyky and colleagues’ findings suggest a possible 
reason for this dispiriting reality: many of the countries 
with the worst health systems are governed by corrupt 
autocrats who retain power by force and can ignore the 
welfare of their people without repercussions.

To date, the global development community has skirted 
the complications of politics, instead emphasising medical 
programmes and the empowerment of women, the 
LGBT+ (lesbian, gay, bisexual, transgender, and all other 
identities) community, and people with disabilities—ie, 
people who do not directly challenge government power. 
This emphasis is sometimes justified by the longstanding 
assumption that in poor countries, especially, dictators are 
better at getting things done because they can ignore the 
demands of petty, competing constituencies.10 However, 
Bollyky’s findings support the theory that dictators might 
themselves be a cause of poverty and illness, and that 
democrats, however befuddled and disorganised, better 
serve their people.

Unfortunately, the rights of pro-democracy activists 
are routinely violated with impunity, especially in those 
African countries most beset by poverty and ill health.11 
Recent elections in Kenya, Uganda, Ethiopia, Rwanda, the 
Democratic Republic of the Congo, Gabon, Cameroon, 
and Zimbabwe were all marred by credible rigging 
allegations, which donors, in most cases, dismissed. When 
two opposition members of parliament in donor darling 
Uganda were beaten and crippled by security forces inside 

parliament in September, 2017, not one international 
donor or human rights organisation spoke out.12

Global health advocacy groups need to do more than 
clamour for more funding and occasionally bemoan 
corruption. They need to call on Washington (USA), 
Brussels (Belgium), London (UK), and other donors to 
impose sanctions on dictators, including those who 
cooperate with western military aims. As Rudolf Vichow, 
one of the pioneers of modern public health, wrote 
after witnessing the ravages of typhus on the oppressed 
peasants of Silesia, “politics is nothing but medicine at a 
larger scale”.13
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Reporting of artificial intelligence prediction models 
Data-driven technologies that form the basis of the 
digital health-care revolution provide potentially 
important opportunities to deliver improvements 

in individual care and to advance innovation in 
medical research. Digital health technologies include 
mobile devices and health apps (m-health), e-health 

211



Comment

1578	 www.thelancet.com   Vol 393   April 20, 2019

For more on the TRIPOD 
statement see https://www.

tripod-statement.org

technology, and intelligent monitoring. Behind the 
digital health revolution are also methodological 
advancements using artificial intelligence and 
machine learning techniques. Artificial intelligence, 
which encompasses machine learning, is the scientific 
discipline that uses computer algorithms to learn 
from data, to help identify patterns in data, and make 
predictions. A key feature underpinning the excitement 
behind artificial intelligence and machine learning 
is their potential to analyse large and complex data 
structures to create prediction models that personalise 
and improve diagnosis, prognosis, monitoring, 
and administration of treatments, with the aim of 
improving individual health outcomes. Prediction 
models to support clinical decision making have existed 
for decades, and these include well known tools such as 
the Framingham Risk Score,1 QRISK3,2 Model for End-
stage Liver Disease,3 ABCD² score,4 and the Nottingham 
Prognostic Index.5 Health-care professionals, medical 
researchers, policy makers, guideline developers, 
patients, and members of the general public are all 
potential users of prediction models. The number of 
prediction model studies is increasing rapidly, with 
hundreds of different models being developed for some 
of the same targeted populations and outcomes.6,7

In response to this rapid growth, as well as concern 
about incomplete reporting of prediction model 
studies,8,9 the Transparent Reporting of a Multivariable 
Prediction Model for Individual Prognosis or Diagnosis 
(TRIPOD) statement was published in 2015. TRIPOD 
provides guidance on the key items to report when 

describing studies developing, evaluating (or validating), 
or updating clinical prediction models.10,11 Although 
TRIPOD aims primarily to improve reporting, it also 
leads to more comprehensive understanding, conduct, 
and analysis of prediction model studies, ensuring that 
prediction models can be picked up by subsequent 
researchers and users to be studied further and used 
to guide health care, thus encouraging reproducible 
research and reduce research waste.

Application of artificial intelligence and machine 
learning is often championed as a solution to prediction 
problems that involve big datasets, large numbers of 
predictors, and different sources and types of data (such 
as free-text notes). However, concerns have been raised 
that artificial intelligence in clinical medicine is overhyped 
and, if not used with proper guidance, knowledge, or 
expertise, has methodological shortcomings, poor 
transparency, and poor reproducibility.12 Methodological 
concerns include an often incorrect focus on classification 
over prediction, overfitting (whereby too many predictors 
or features are included for the sample size), lack of 
robust assessment of predictive accuracy when used with 
other data than those from which they were developed 
(validation), weak and unbiased comparison with simpler 
modelling approaches, and lack of transparency of the 
artificial intelligence and machine learning algorithm, 
which limits independent evaluation.

There is a strong need that machine learning techniques 
adhere to established methodological standards already 
defined in prediction model research. Fair and neutral 
evaluations and comparisons against these existing 
prediction model approaches must be done. In particular, 
regression-based prediction models, for which an 
equation links a set of predictors to an outcome, can  
easily be recorded so that they can be implemented 
by others. In contrast, prediction models based on 
machine learning are much more reliant on computers 
for implementation of the underlying model, which is 
often labelled as a black box. This inherent complexity 
behind machine learning obfuscates interpretation or 
face-value assessment of the prediction model algorithm 
and hampers, or at least requires thought on, how best to 
make the machine learning algorithm available to others 
for independent validation or to implement it into the 
clinical workflow.

Clearly, the consequences of making a wrong or 
inaccurate prediction are substantial for the clinical M
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application of a machine learning prediction model, 
such as the deep learning models for detection of stroke 
or wrist fractures approved by the US Food and Drug 
Administration.13 Therefore, the clinical community must 
not get mesmerised by the artificial intelligence and 
machine learning revolution, and artificial intelligence 
and machine learning prediction models must be 
appropriately developed, evaluated, and—if needed—
tailored to different situations before they are used in daily 
medical practice. Complete and transparent reporting 
of the key aspects of machine learning prediction model 
studies in the light of existing evidence is vital.

Although many aspects of the TRIPOD statement are 
applicable to prediction model studies using artificial 
intelligence and machine learning methods,10 its uptake 
by the artificial intelligence and machine learning 
communities has not been high. Possible reasons for this 
include subtle differences in terminology, or a perceived 
lack of relevance because TRIPOD focuses on regression-
based prediction model approaches. Also, TRIPOD’s 
explanation and elaboration document, which provides 
examples of good reporting to help authors, focuses on 
models developed using regression.11

We therefore announce a new initiative to develop a 
version of the TRIPOD statement specific to machine 
learning (TRIPOD-ML). The aim of TRIPOD-ML will be to 
focus on the introduction of machine learning prediction 
algorithms, building on a long and established 
methodology of prediction research, while harmonising 
terminology. To make this new guideline as usable as 
possible, we would like to invite interested individuals 
from the machine learning community, particularly 
those with an interest in machine learning and artificial 
intelligence applications in health care, to contribute.
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Understanding of the neurobiology of pain continues 
to increase at a remarkable pace, raising optimism for 
improvements in pain therapy. Physicians can choose 
from multiple classes of medications to treat acute 
or chronic pain that can often be highly effective. 
Many patients, however, do not have their pain well 
controlled with available drugs, and these drugs often 
have severe side-effects that can ultimately diminish 
quality of life and potentially result in serious harm.1 

Hence, the need for new medicines for treatment of 
pain remains very high.2

Opioids are effective in the treatment of 
moderate-to-severe acute pain conditions including 
postoperative pain, inflammatory pain, trauma-related 
pain, and cancer pain. Although some patients with 
chronic non-malignant pain respond well to opioids, 
the medical community is increasingly aware of the 
risks that come with opioid use for chronic pain.1 

Opioid analgesics pass the acid test
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