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Forum on Aging, Disability, and Independence 
Forum on Drug Discovery, Development, and Translation 

National Cancer Policy Forum 

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 Jennifer Hinners (jhinners@nas.edu). 

Drug Research and Development for Adults Across the Older Age Span 

A Virtual Workshop 

August 5-6, 2020 
 
Despite the widespread recognition of the “graying of America,” and the need for health care 
among older adults, there is a dearth of information about the appropriate use of drugs in this 
population. Older adults are vastly underrepresented in clinical trials. Yet older adults have 
higher rates of comorbidities and polypharmacy than the general population, and are the majority 
users of many medications. Additionally, age-related physiological and pathological changes, 
particularly for adults 80+, can lead to significant differences in the pharmacokinetic and 
pharmacodynamics of a given drug compared to the general population. There is a void in 
evidence-based information for making informed decisions on how to best optimize care for 
older adults, particularly those 80+. 

This virtual public workshop will provide a venue for stakeholders to discuss the challenges and 
opportunities in drug research and development (R&D) for older adult populations, explore 
barriers that impede safety and efficacy studies in these populations, and share lessons learned 
for better understanding the clinical pharmacology for 65+ and 80+ populations. 

The workshop will feature invited presentations and discussions to: 

• Review the current landscape of drug R&D for 65+ and 80+ populations across public 
and private sectors; 

• Consider medication issues for older adult populations (e.g. dosage forms, adherence, 
polypharmacy, differences in PK/PD); 

• Explore methodologies that are currently used or could be implemented to study 
differences in pharmacology for older adult populations (e.g. minimal sampling); 

• Examine barriers to conducting clinical research for 65+ and 80+ populations (e.g. 
funding, data, co-morbidity, polypharmacy, recruitment, access); and  

• Explore approaches to engage 65+ and 80+ populations in clinical research and strategies 
generate evidence-based information on how to best optimize treatment for older adults. 

A planning committee will organize the workshop, develop the agenda, select and invite 
speakers and discussants, and moderate or identify moderators for the discussions. 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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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 Jennifer Hinners (jhinners@nas.edu). 
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Donald Harvey, Emory University School of 
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Alex John London, Carnegie Mellon University  
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Barbara Zarowitz, University of Maryland 
School of Pharmacy, The Peter Lamy Center on 
Drug Therapy and Aging  

Miriam Mobley Smith, Northeastern University 
Bouvé College of Health Sciences School of 
Pharmacy 

David Reuben, University of California, Los 
Angeles 

Janice Schwartz, University of California, San 
Francisco 

Deborah Collyar, Patient Advocates in Research 
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National Cancer Policy Forum 
   

 
 

Drug Research and Development for Adults Across the Older Age Span 

A Virtual Workshop  
August 5-6 2020 

10:00 a.m. – 3:00 p.m. (ET) 
 

ZOOM WEBINAR REGISTRATION: 
https://nasem.zoom.us/webinar/register/WN_1IN7kZ-ESdWppXPNGVPPQw  

 
Agenda 

	
Despite the widespread recognition of the “graying of America,” and the need for health care among older adults, there 
is a dearth of information about the appropriate use of drugs in this population. Older adults are vastly underrepresented 
in clinical trials. Yet older adults have higher rates of comorbidities and polypharmacy than the general population, and 
are the majority users of many medications. Additionally, age-related physiological and pathological changes, 
particularly for adults 80+, can lead to significant differences in the pharmacokinetic and pharmacodynamics of a given 
drug compared to the general population. There is a void in evidence-based information for making informed decisions 
on how to best optimize care for older adults, particularly those 80+. 

This public workshop will provide a venue for stakeholders to discuss the challenges and opportunities in drug research 
and development (R&D) for older adult populations, explore barriers that impede safety and efficacy studies in these 
populations, and share lessons learned for better understanding the clinical pharmacology for 65+ and 80+ populations. 

The workshop will feature invited presentations and discussions to: 

• Review the current landscape of drug R&D for 65+ and 80+ populations across public and private sectors; 
• Consider medication issues for older adult populations (e.g. dosage forms, adherence, polypharmacy, 

differences in PK/PD); 
• Explore methodologies that are currently used or could be implemented to study differences in pharmacology 

for older adult populations (e.g. minimal sampling); 
• Examine barriers to conducting clinical research for 65+ and 80+ populations (e.g. funding, data, co-morbidity, 

polypharmacy, recruitment, access); and  
• Explore approaches to engage 65+ and 80+ populations in clinical research and strategies generate evidence-

based information on how to best optimize treatment for older adults. 
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DAY 1: August 5, 2020 
 
10:00 a.m. Welcome and opening remarks  

JAMES APPLEBY, Workshop Chair 
Chief Executive Officer 
The Gerontological Society of America 

 

SSEESSSSIIOONN  II  IINNCCLLUUSSIIOONN  OOFF  OOLLDDEERR  AADDUULLTTSS  IINN  CCLLIINNIICCAALL  TTRRIIAALLSS::  
AANN  EEVVOOLLVVIINNGG  LLAANNDDSSCCAAPPEE  

Session Objectives: 

• Review the current landscape of drug R&D for 65+ and 80+ populations across public and private sectors; 
• Consider medication issues for older adult populations (e.g., dosage forms, adherence, polypharmacy, 

differences in PK/PD); 
• Examine barriers to conducting clinical research for 65+ and 80+ populations (e.g., funding, data, co-

morbidity, polypharmacy, recruitment, access). 

10:10 a.m. Introduction by session moderator  
JERRY GURWITZ 
Executive Director, Meyers Primary Care Institute  
Division Chief of Geriatric Medicine, University of Massachusetts Medical School 

 
10:15 a.m.  Knowledge gaps & issues unique to older adults 

ROSANNE M. LEIPZIG   
Professor of Geriatrics and Palliative Medicine 
Icahn School of Medicine at Mount Sinai 

 
 Age-related changes that impact drug metabolism 

GEORGE A. KUCHEL  
Travelers Chair in Geriatrics and Gerontology, Professor of Medicine 
University of Connecticut Center on Aging 

 
  Barriers to conducting clinical trials that include older adults  

NIH perspective 
MARIE A. BERNARD  
Deputy Director 
National Institutes of Health, National Institute on Aging 

 
 Industry perspective 

KATHERINE DAWSON 
Senior Vice President of the Therapeutics Development Group 
Biogen 

 
11:00 a.m. Moderated panel discussion  
 
11:30 a.m. BREAK  
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SSEESSSSIIOONN  IIII CCOONNCCOOMMIITTAANNTT  IILLLLNNEESSSS  AANNDD  PPOOLLYYPPHHAARRMMAACCYY::  
OOVVEERRCCOOMMIINNGG  KKEEYY  BBAARRRRIIEERRSS  

Session Objectives: 
• Explore methodologies that are currently used or could be implemented to study differences in 

pharmacology for older adult populations (e.g., minimal sampling); 
 

11:40 a.m. Opening remarks by panel moderator  
JONATHAN WATANABE  
Professor of Clinical Pharmacy, Associate Dean of Assessment and Quality  
University of California Irvine Samueli College of Health Sciences 

 
11:45 a.m. Clinical trial considerations [Panel] 

Inclusion / exclusion criteria and trial design 
HEATHER ALLORE  
Professor of Medicine (Geriatrics) and Biostatistics 
Yale University 
 

 Organ function criteria expansion 
STUART M. LICHTMAN  
Medical Oncologist 
Memorial Sloan Kettering Cancer Center 
 
FDA experience 
RAJESHWARI SRIDHARA  
Biostatistician Contractor (Retd. Director of the Division of Biometrics V, CDER) 
U.S. Food and Drug Administration, Oncology Center of Excellence 
 
Ethics perspective 
JASON KARLAWISH  
Professor of Medicine 
University of Pennsylvania Perelman School of Medicine 

 
12:30 p.m. Moderated panel discussion 
 
1:00 p.m. BREAK  
 
1:20 p.m. Opening remarks by panel moderator  

ROBERT TEMPLE 
Deputy Center Director for Clinical Science, Office of New Drugs 
U.S. Food and Drug Administration, Center for Drug Evaluation and Research 

 
Alternative study approaches [Panel] 
Adaptive design 
SCOTT BERRY 
Co-Founder and President  
Berry Consultants 
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Home-based clinical trials 
STEVEN R. CUMMINGS  
Executive Director, S.F. Coordinating Center 
University of California, San Francisco 
 
Quantitative systems pharmacology models: Mechanistic science perspective 
CHRISTINA FRIEDRICH 
Chief Engineer 
Rosa & Co. 
 
Clinical trial simulation 
N. SETH BERRY 
Senior Director, Decision Sciences Group 
IQVIA 

 
Real world trials 
STEVEN CHEN 
Associate Dean for Clinical Affairs 
University of Southern California School of Pharmacy 

 
2:20 p.m. Moderated panel discussion 
 

DDAAYY  11  RREEFFLLEECCTTIIOONNSS  

 
2:50 p.m.  Closing remarks   

JAMES APPLEBY, Workshop Chair 
Chief Executive Officer 
The Gerontological Society of America 

 
3:00 p.m. ADJOURN WORKSHOP DAY 1 

 
 

DAY 2: August 6, 2020 
 
10:00 a.m. Welcome and overview of Day 1  

JAMES APPLEBY, Workshop Chair 
Chief Executive Officer 
The Gerontological Society of America 
 

 

SSEESSSSIIOONN  IIIIII TTHHEE  EERRAA  OOFF  CCOOVVIIDD--1199  AANNDD  BBEEYYOONNDD  

Session Objectives: 
• Explore methodologies that are currently used or could be implemented to study differences in 

pharmacology for older adult populations (e.g., minimal sampling); 
• Explore approaches to engage 65+ and 80+ populations in clinical research and strategies generate 

evidence-based information on how to best optimize treatment for older adults. 
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10:10 a.m. Opening remarks by panel moderator 

DEBORAH COLLYAR 
President 
Patient Advocates in Research 

 
10:15 a.m. Older adult outreach & networking strategies  

JONATHAN TOBIN 
President/CEO 
Clinical Directors Network 

 
Barbershop-based outreach programs: Case study 
CIANTEL BLYLER  
Clinical Research Pharmacist 
Cedars-Sinai Medical Center 
 
Patient perspective 
SUSAN STRONG 
Director of Patient Engagement 
Heart Valve Voice US 

 
Caregiver perspective 
LAUREL J. PRACHT  
Research Patient Advocate and Patient Representative 
NCI Symptom Management and Health-Related Quality of Life Steering Committee 
 
Education for older adults and healthcare practitioners 
STEVEN ROTHSCHILD 
Vice Chairperson, Department of Preventive Medicine 
Rush Medical College 

 
11:15 a.m. Moderated panel discussion  
 
11:45 a.m. BREAK 
 
12:00 p.m. Opening remarks by panel moderator, European perspective  

SVEN STEGEMANN 
Professor for Patient Centric Drug Development and Manufacturing 
Graz University of Technology 

 
Lessons learned from COVID-19  
U.S. regulatory changes 
HARPREET SINGH  
Division Director (Acting) 
U.S. Food and Drug Administration, Division of Oncology 2 
 
Infectious disease perspective 
JOHN POWERS  
Professor of Clinical Medicine 
George Washington University School of Medicine 
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Telehealth / Physician perspective 
ERIKA RAMSDALE 
Assistant Professor 
University of Rochester Medical Center 
 
Digitization of medicine  
ERIC TOPOL 
Founder and Director 
Scripps Research Translational Institute 

 
Patient perspective 
BEVERLY CANIN 
Patient Advocate 
Cancer and Aging Research Group 

 
1:00 p.m. Moderated panel discussion  
 
1:30 p.m. BREAK  
 
1:45 p.m. Reflections: Looking forward to the future  

 
Session moderator 
JAMES APPLEBY, Workshop Chair 
Chief Executive Officer 
The Gerontological Society of America 

 
1:50 p.m. AMY ABERNETHY 

Principal Deputy Commissioner – Office of the Commissioner 
U.S. Food and Drug Administration 

 
ROBERT CALIFF  
Head of Clinical Policy and Strategy 
Verily and Google Health 
 
MARIE A. BERNARD  
Deputy Director 
National Institutes of Health, National Institute on Aging 
 

2:20 p.m. Moderated panel discussion 
 
2:50 p.m. Next Steps  

JAMES APPLEBY, Workshop Chair 
Chief Executive Officer 
The Gerontological Society of America 

 
3:00 p.m. ADJOURN WORKSHOP DAY 2 
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Forum on Aging, Disability, and Independence  
Forum on Drug Discovery, Development, and Translation 

National Cancer Policy Forum  
  

Drug Research and Development for Adults Across the Older Age 
Span  

A Virtual Workshop  

Planning Committee Biographies  

CHAIR  
 

JAMES APPLEBY, SC.D (HON), M.P.H., is the Chief Executive Officer of The Gerontological Society of America 
(GSA), the nation's largest interdisciplinary organization devoted to research, education, and practice in the field of 
aging. The Society works to advance innovation in aging and disseminate information among scientists, clinicians, 
policy makers, and the public. He is leading the Society’s current initiative to “reframe aging” in America by 
fostering accurate narratives of aging to replace the outdated “conventional wisdom” that dominates public 
understanding. The 5,500-member Society is advancing major initiatives related to improving adult immunization 
rates, earlier detection of cognitive impairment, improving oral health, and demonstrating the impact of the 
longevity economy. Appleby also is currently serving a four-year term on the National Advisory Council on Aging 
after being appointed by the U.S. Secretary for Health and Human Services. Prior to joining GSA, he had a 17-year 
career with the American Pharmacists Association (APhA) where he served in a variety of roles before being 
appointed Chief Operating Officer. Before joining APhA, he was on faculty at the Philadelphia College of Pharmacy 
and Science (PCPS). Appleby holds a bachelor of science degree in pharmacy from PCPS and a master of public 
health degree from Temple University. He has been awarded an honorary Doctor of Science degree from the 
University of the Sciences in Philadelphia.  
  

MEMBERS  
 

MARIE A. BERNARD, M.D., serves as Deputy Director of the National Institute on Aging (NIA) at the National 
Institutes of Health. As NIA’s senior geriatrician, she serves as the principal advisor to the NIA director, working 
closely with the director in overseeing approximately $3.1 billion in aging and Alzheimer’s disease research 
conducted and supported annually by the Institute. She co-chairs two new Department of Health and Human 
Services Healthy People 2020 objectives: 1) Older Adults and 2) Dementias, including Alzheimer’s Disease. Within 
NIH she co-chairs the Inclusion Governance Committee, which oversees inclusion in clinical research by 
sex/gender, race/ethnicity, and age – inclusive of pediatric and older adult subjects. She has been recognized for her 
leadership in geriatrics by receipt in the Clark Tibbitts Award from the Academy for Gerontology in Higher 
Education (2013), and the Donald P Kent Award from the Gerontological Society of America (2014). Until October 
2008 she was the endowed professor and founding chairman of the Donald W. Reynolds Department of Geriatric 
Medicine at the University of Oklahoma College of Medicine (the third department of geriatrics in the U.S.), and 
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Associate Chief of Staff for Geriatrics and Extended Care at the Oklahoma City Veterans Affairs Medical Center. 
She has held numerous national leadership roles, including chair of the Clinical Medicine Section of the 
Gerontological Society of America, chair of the Department of Veterans Affairs National Research  
Advisory Committee, board member of the American Geriatrics Society, president of the Academy for Gerontology 
in Higher Education, and president of the Association of Directors of Geriatric Academic Programs. She has lectured 
and published widely in her area of research, nutrition and function in older populations, as well as related to 
geriatric education. She received her undergraduate education at Bryn Mawr College and her MD from University 
of Pennsylvania. She trained in internal medicine at Temple University Hospital in Philadelphia, PA, where she also 
served as chief resident. She has received additional training through the AAMC Health Services Research Institute, 
the Geriatric Education Center of Pennsylvania, and the Wharton School Executive Development program.  
  
BARRY S. 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 
TGF-beta, Dr. Coller is a member of the Institute 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 and antibody medicine. He has been a Member of 
Scientific Advisory Board at Scholar Rock, Inc. since September 2014.  
  
DEBORAH COLLYAR has been a leader in cancer patient advocacy since 1991, utilizing successful business, 
leadership, IT and communication skills to bridge research gaps between science, medical providers and patients. 
Her patient advocacy work encompasses many diseases, programs and policies at grassroots, national and 
international levels. She also gives guidance to organizations, institutions, universities, cancer centers, nonprofits, 
government agencies, companies, and most importantly, to patients. Ms. Collyar founded the PAIR international 
network, helped initiate the NCI SPORE program and served as Program Director for their Patient Advocate 
Research Team (PART) Program. She also started patient advocacy in many cooperative groups and cancer centers, 
and has helped plan national and international biobanks. Deborah has also served on many committees and boards, 
including: the NCI Experimental Therapeutics (NExT) program, and Board of Scientific Counselors; Princeton 
Physical Sciences in Oncology Center (PS-OC); AHRQ Comparative Effectiveness Research (CER) Stakeholder 
Council; as Chair of the CALGB Committee on Advocacy, Research Communication, Ethics, and Disparities 
(CARE); and as Vice Chair of the Alliance for Clinical Trials in Oncology (Alliance) Publications Committee. 
Deborah and her husband have survived 3 cancers.  
  
DONALD HARVEY, PHARM.D., is Professor in the Department of Hematology and Medical Oncology with a joint 
appointment in the Department of Pharmacology and Chemical Biology at Emory University School of Medicine. 
A board certified oncology pharmacist, Dr. Harvey serves as director of Winship Cancer Institute's Phase I Clinical 
Trials Unit and as chair of the Data and Safety Monitoring Committee. He is a Fellow of the American College of 
Clinical Pharmacy and a Fellow of the Hematology/Oncology Pharmacy Association. Dr. Harvey has established 
an active clinical pharmacology research program in cancer at Emory with the goal of using pharmacokinetic, 
pharmacodynamic, and other tools to improve individualization of therapy and clinical outcomes. An active 
principal and co-investigator on multiple trials, he also consults on experimental design of preclinical and clinical 
studies with a focus on optimizing correlative measures. Dr. Harvey's research interests include the clinical 
application of pharmacokinetic, pharmacodynamic, and pharmacogenomic data to patient care. Specific areas of 
research interest include agent tolerability and disposition in renal and hepatic impairment, effects of novel 
immunotherapeutics on hepatic metabolism, and use of therapeutic drug monitoring for anticancer agents. He is 
also active nationally and internationally in several cancer and pharmacology professional organizations. Dr. Harvey 
is also a past President of the Hematology and Oncology Pharmacy Association, an international professional 
organization.  
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ALEX JOHN LONDON, PH.D., is the Clara L. West Professor of Ethics and Philosophy and Director of the Center 
for Ethics and Policy at Carnegie Mellon University. An elected Fellow of the Hastings Center, Professor London’s 
work focuses on ethical and policy issues surrounding the development and deployment of novel technologies in 
medicine, biotechnology and artificial intelligence, on methodological issues in theoretical and practical ethics, and 
on cross-national issues of justice and fairness. His papers have appeared in Mind, The Philosopher’s Imprint, 
Science, JAMA, The Lancet, The BMJ, PLoS Medicine, Statistics In Medicine, The Hastings Center Report, and 
numerous other journals and collections. He is also co-editor of Ethical Issues in Modern Medicine, one of the most 
widely used textbooks in medical ethics.  
  
DAVID REUBEN, M.D., is Director of the Multicampus Program in Geriatrics Medicine and Gerontology and also 
Chief of the Division of Geriatrics at the University of California, Los Angeles (UCLA) Center for Health Sciences. 
He is the Archstone Foundation Chair and Professor at the David Geffen School of Medicine at UCLA and Director 
of the UCLA Claude D. Pepper Older Americans Independence Center and the UCLA Alzheimer's and Dementia 
Care program. Dr. Reuben sustains professional interests in clinical care, education, research and administrative 
aspects of geriatrics, maintaining a clinical primary care practice of frail older persons and attending on inpatient 
and geriatric psychiatry units at UCLA. His bibliography includes more than 220 peerreviewed publications in 
medical journals, 39 books and numerous chapters. Dr. Reuben is lead author of the widely distributed book, 
Geriatrics at Your Fingertips. Dr. Reuben is a past President of the American Geriatrics Society and the Association 
of Directors of Geriatric Academic Programs. He served for 11 years on the Geriatrics Test Writing Committee for 
the American Board of Internal Medicine (ABIM) and for 8 years on the ABIM's Board of Directors, including as 
Chair from 2010-2011. Research Interests: Health services delivery to older persons; Functional assessment; 
Predictors of survival and functional impairment; Alzheimer's and Dementia Care; Falls. Technical Research 
Interests: Clinical and social epidemiology; Health services research, including economics; Interventional and 
behavioral research; Measurement. Past President of the American Geriatrics Society; Past President of Directors 
of Geriatric Academic Programs (ADGAP); Past Chair of the Board of Directors of the American Board of Internal 
Medicine; Chief, Division of Geriatrics Medicine at UCLA.  
  
MARK ROGGE, PH.D., F.C.P., serves as Global Head of Quantitative Translational Science at Takeda 
Pharmaceuticals, International. He oversees all discovery and development modeling & simulation, clinical 
pharmacology, imaging, and Bioanalytical Sciences. In this role and throughout his career he has promoted the 
application of advanced modeling & simulation to pharmacokinetic and pharmacologic processes in the preclinical 
and clinical realms, and applied these principles to both efficacy and to safety. His work has encompassed small 
molecules, glycoproteins, antisense constructs, and most recently, gene/cellular therapy. Mark has given numerous 
plenary presentations related to drug development at scientific and regulatory conferences; he has more than 80 
peer-reviewed publications and invited presentations at scientific symposia. He is Past Chair of the AAPS PPDM 
Section, Past Chair of BIO’s Safety and Pharmacokinetics scientific advisory section and Past Chair of the Clinical 
Pharmacology Leadership Group for the International Consortium for Innovation and Quality in Pharmaceutical 
Development. Mark completed his undergraduate studies at the University of Wisconsin, where he is a Citation of 
Merit recipient, and completed his graduate work at the University of Michigan.  
  
JANICE SCHWARTZ, M.D., is a board-certified internist and cardiologist with a distinguished record of leadership 
and research in clinical pharmacology and geriatric medicine. She received her medical degree from Tulane 
University School of Medicine and completed an internship in internal medicine at LAC/USC Medical Center and 
internal medicine residency training at Cedar Sinai Medical Center, Los Angeles. She began cardiology training at 
Cedar Sinai followed by a combined clinical and research cardiology fellowship at Stanford University, where she 
focused on evaluation of new cardiovascular drugs in clinical populations. She began her faculty career in the 
Department of Medicine at Baylor College of Medicine in the Divisions of Cardiology and Clinical Pharmacology. 
She has been an active member of cardiology, clinical pharmacology and geriatric professional societies, including 
serving as President of the Society for Geriatric Cardiology and Vice President of the American Society for Clinical 
Pharmacology and Therapeutics (ASCPT), past member of the Board of Directors and a former member of the 
ASCPT Editorial Board. She has served on NIH peer review committees for more than sixteen years during her 
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career and served on the Advisory Panel on Geriatrics, USP Pharmacopeial Convention, Inc., and on the Institute 
of Medicine’s Committee on Pharmacokinetics and Drug Interactions in the Elderly.   
Dr. Schwartz’s research has focused on understanding drug responses to medications and especially factors leading 
to altered drug responses in older people. She has utilized laboratory and clinical investigations to investigate 
changes in cardiovascular function and rhythm, the autonomic system, and drug pharmacokinetics and 
pharmacodynamics in models of healthy aging and in patient populations including the frail elderly. Her work has 
improved the understanding of age and disease-related effects that can lead to improved use of therapeutic 
medications. She has also elucidated gender differences in drug metabolism and responses that are especially 
pertinent in the clinical care of patients. Working within both the research and clinical worlds has provided the 
opportunity to translate research findings into clinical practice and to train and mentor others. Her goal of improving 
medication therapy for older patients has also led to efforts beyond research in the form of contributing to textbooks 
for health care professionals, creating on-line educational content for health care professionals, and writing on 
medication and health- related issues in the lay press.  
  
MIRIAM MOBLEY SMITH, PHARM.D., received her BS in Pharmacy from the University of Michigan in 1978. She 
went on to earn her PharmD from the University of Illinois and completed a pharmacy practice residency at Sinai 
Hospital of Detroit. Dr. Mobley Smith is currently the Interim Dean and Visiting Professor at Northeastern 
University Bouvé College of Health Sciences School of Pharmacy; she is also presently an independent pharmacy 
and healthcare consultant. She has held numerous leadership positions during her career, notably serving as the 
Director of Strategic Alliances for the Pharmacy Technician Certification Board in Washington, D.C. She spent 
twelve years as a clinical faculty member and eventually the Director of Experiential Education at the University of 
Illinois at Chicago College of Pharmacy. Dr. Mobley Smith spent eight years at the Chicago State University 
College of Pharmacy, ultimately servings as Dean until her departure in 2015. She has also served leadership 
positions in numerous professional pharmacy organizations.  She was chair for the American Association of 
Colleges of Pharmacy Professional Affairs Committee, vice-chair of the Illinois State Board of Pharmacy, chair of 
the American Society of Health-System Pharmacists Council on Education and Workforce Development, a member 
of the Institute of Medicine Committee on the Future Healthcare Workforce for Older Americans, Pharmacy 
Workforce Center, Inc., Technical Advisory Panel, and on the Professional Examination Service Board of Directors. 
Dr. Mobley Smith has received numerous grants, professional and civic awards, including recognition as a 2013 
Fellow of the American Society of Health-System Pharmacists, the 2012 National Pharmaceutical Association’s 
Chauncey I. Cooper Award in recognition of sustained and distinguished professional service, and the 2013 Illinois 
Pharmacists Association Pharmacist of the Year.  
  
ROBERT TEMPLE, M.D., serves as CDER’s Deputy Center Director for Clinical Science and Senior Advisor in the 
Immediate Office of the Office of New Drugs (OND). As the senior advisor, Bob is a consultant to the OND director 
and other FDA officials on matters related to clinical program objectives. Dr. Temple received his medical degree 
from the New York University School of Medicine in 1967. In 1972, he joined CDER as a  
Medical Officer in the Division of Metabolic and Endocrine Drug Products. He later moved into the position of 
Director of the Division of Cardio-Renal Drug Products. Before becoming Senior Advisor in OND, Dr. Temple was 
the Acting Deputy Director of OND’s Office of Drug Evaluation-I (ODE-I) which is responsible for the regulation 
of cardiovascular and renal, neurology, and psychiatry drug products. He served in this capacity for more than 23 
years—since the office’s establishment in 1995.  
  
JONATHAN WATANABE, PHARM.D., PH.D., M.S., seeks to determine factors that jeopardize appropriate 
medication use. Dr. Watanabe practices in Senior Care Pharmacy and focuses on outcomes in older adults and 
residents of extended care facilities. He has completed investigations on 1) the role of adherence on surrogate 
markers for chronic conditions; 2) the effect of copayment and copayment pricing on adherence; 3) the impact of 
polypharmacy on adherence; 4) the role of pharmacy benefit on health services; 5) methods used in health services 
research applying large national data. Collaborating with an interdisciplinary care team, Professor Watanabe 
initiated longitudinal assessments of outcomes in Post-Acute Care Settings and characterized those at risk for poor 
adherence and compromised health outcomes in Veterans with chronic diseases. He has served as an invited speaker 
at several international forums devoted to improving care for seniors in long term care settings and provided 
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presentations on pharmacy benefit and evaluation at the National Academy of Sciences. He currently trains students, 
post-docs, and practitioners in multiple disciplines in clinical research and post-acute care. Professor Watanabe is a 
clinical consultant for the Program of All-inclusive Care for the Elderly (PACE) Clinic in San Diego, CA and the 
Villa Pomerado Skilled Nursing Facility in Poway, CA. He is an investigator on the Health Resources and Services 
Administration funded San Diego Geriatrics Workforce Enhancement Program Grant. Dr. Watanabe was the 
inaugural recipient of the University of Washington/Allergan Health Economics and Outcomes Research 
Fellowship. Watanabe serves as the advisor for the Academy of Managed Care Pharmacy student chapter. Dr. 
Watanabe serves the CA State Legislature as a faculty content expert for the California Health Benefits Review 
Program. He serves as a member of the advisory group on pain assessment and management standards for long-
term care organizations for The Joint Commission. He was a contributing author to the Making Medicines 
Affordable consensus report from the National Academies of Sciences, Engineering, and Medicine.  He is a Board 
Certified Geriatric Pharmacist (BCGP).  
  
BARBARA ZAROWITZ, PHARM.D., previously served as vice president for pharmacy care management at Henry 
Ford Health System; vice president and chief clinical office at Omnicare, Inc; chief clinical officer for long-term 
care at CVS Health; and adjunct professor of pharmacy practice at the College of Pharmacy and Health Sciences, 
Wayne State University and the University of Michigan. She created clinical programs for Omnicare, Inc., 
subsequently a CVS Health Company, and developed strategies and tactics to manage drug utilization, including 
disease management and formulary management to optimize clinical outcomes. Omnicare provided pharmacy care 
for 1.4 million older adults living in long-term care facilities. Her expertise has been chronicled through attainment 
of board certification in pharmacotherapy (BCPS) and geriatric pharmacotherapy (BCGP). She has been recognized 
as a fellow of the Society of Critical Care Medicine, American College of Clinical Pharmacy, and the American 
Society of Consultant Pharmacists. Over her career she has published 10 book chapters; 125 peer-reviewed articles 
and over 120 abstracts, editorials, letters and columns. Dr. Zarowitz is a frequent speaker at national research and 
society meetings. She has received 11 leadership, research, teaching and practice awards, including the 2015 George 
F. Archambault Award for outstanding contributions to consultant and senior care pharmacy.  
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Drug Research and Development for Adults Across the Older Age 
Span 

A Virtual Workshop 

Speaker Biographies 
 
SPEAKERS 

AMY ABERNETHY, M.D., PH.D., is an oncologist and internationally recognized clinical data expert and clinical 
researcher. As the Principal Deputy Commissioner of Food and Drugs, Dr. Abernethy helps oversee FDA’s day-to 
day functioning and directs special and high-priority cross-cutting initiatives that impact the regulation of drugs, 
medical devices, tobacco and food. As acting Chief Information Officer, she oversees FDA’s data and technical 
vision, and its execution. She has held multiple executive roles at Flatiron Health and was professor of medicine at 
Duke University School of Medicine, where she ran the Center for Learning Health Care and the Duke Cancer Care 
Research Program. Dr. Abernethy received her M.D. at Duke University, where she did her internal medicine 
residency, served as chief resident, and completed her hematology/oncology fellowship. She received her Ph.D. 
from Flinders University, her B.A. from the University of Pennsylvania and is boarded in palliative medicine. 
 
HEATHER ALLORE, PH.D., is focused on issues related to the design and analysis of trials and studies of 
multifactorial geriatric health conditions, especially among persons with Alzheimer’s Disease and related dementia. 
Several projects focus upon health disparities of older adults. She developed a sub-discipline of biostatistics that 
focus on training and methodological development in geriatrics called “Gerontologic Biostatistics.” This discipline 
trains biostatisticians for conducting collaborative research with clinical investigators in geriatrics and gerontology 
and provides the basis for the development of new statistical methodologies.  
 
SCOTT BERRY, M.S., PH.D., is President and a Senior Statistical Scientist at Berry Consultants, LLC. He earned 
his MS and PhD in statistics from Carnegie Mellon University and was an Assistant Professor at Texas A&M 
University before co-founding Berry Consultants in 2000. He has led Berry Consultants to be widely regarded as 
the premier Bayesian consulting company in the world.  Since 2000, he has been involved in the design of hundreds 
of Bayesian adaptive clinical trials of pharmaceuticals and medical devices and has become an opinion leader in 
the field of Bayesian adaptive clinical trials. Some of these trials have been groundbreaking trial designs, setting 
new standards for innovation and flexibility in trial design. These include the trials supporting the first fully 
Bayesian approval by the center for drug evaluation of the United States FDA (Pravastatin-Aspirin combination) 
and the statistical design for Time Magazine’s #2 Medical Breakthrough of 2007 (Veridex’s GeneSearch BLN 
Assay). 
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N. SETH BERRY, PHARMD, is a Senior Director in the Decision Sciences group at IQVIA.  He obtained his PharmD 
from the University of Missouri-Kansas City, School of Pharmacy, completed a 2-year Post-Doctoral 
Pharmacokinetic / Pharmacodynamics (PK/PD) Fellowship with the University of North Carolina, and a 2-year 
Pharmacometrics Fellowship with the Center for Drug Development Science at Georgetown University. Since 
joining IQVIA (formerly Quintiles) in 2004, Dr. Berry’s research has focused primarily on performing population 
pharmacokinetic- pharmacodynamic modeling and clinical trial simulations to optimize dose selection and study 
design.  His work also centers on the development of precision dosing applications for individualizing 
pharmacotherapy, building high performance computing solutions, and authoring R packages for non-linear mixed 
effects modeling.  Dr. Berry has numerous publications and presentations in the pharmacometrics discipline, while 
also mentoring students, fellows, and colleagues through various workshops and training seminars. 
 
CIANTEL BLYLER, PHARMD, CHC, is a clinical research pharmacist at Cedars-Sinai Medical Center in Los 
Angeles, CA. Dr. Blyler earned a Doctor of Pharmacy degree from the Eshelman School of Pharmacy at the 
University of North Carolina-Chapel Hill and completed her clinical work at Duke University Health System. After 
graduation she worked as a clinical pharmacist at Senior PharmAssist, a non-profit based in Durham, NC, where 
she provided free medication therapy management (MTM) services to low-income, dual-eligible geriatric patients 
as part of an initiative with Community Care of North Carolina. Upon moving to the West Coast, she managed an 
independent specialty pharmacy in Beverly Hills, CA before joining Cedars-Sinai in 2016.  There she served as one 
of two full-time clinical research pharmacists on an NIH/NHLBI funded randomized trial that investigated a novel 
community-based approach to treat hypertension in African American male patients involving pharmacists, barbers 
and physicians. The highly successful intervention was recognized by the Clinical Research Forum as the ‘Top 
Research Achievement of the Year. Dr. Blyler has spoken about this work at multiple national meetings including 
ASN Kidney Week (2019), AHA Hypertension Sessions (2018) and the National Medical Association meeting 
(2016). She is a co-author on publications in the New England Journal of Medicine, Circulation, and The Journal 
of the American Heart Association and has been covered in TIME Magazine, The Washington Post and CNN. She 
is a certified hypertension clinician and a member of the Target BP advisory board – a collaboration between 
AMA/AHA. Her professional interests include health disparities research, community-based practice, cardiology 
and geriatrics. 
 
ROBERT CALIFF, M.D., MACC, is the Head of Clinical Policy and Strategy for Verily Life Sciences and Google 
Health for Verily and Google Health. Prior to this Dr. Califf was the vice chancellor for health data science for the 
Duke University School of Medicine; director of Duke Forge, Duke’s center for health data science; and the Donald 
F. Fortin, MD, Professor of Cardiology. He served as Deputy Commissioner for Medical Products and Tobacco in 
the U.S. Food and Drug Administration (FDA) from 2015-2016, and as Commissioner of Food and Drugs from 
2016-2017. A nationally and internationally recognized leader in cardiovascular medicine, health outcomes 
research, healthcare quality, and clinical research, Dr. Califf is a graduate of Duke University School of Medicine. 
Dr. Califf was the founding director of the Duke Clinical Research Institute and is one of the most frequently cited 
authors in biomedical science. 
 
BEVERLY CANIN is a breast cancer survivor, is a former member of the board of directors of Breast Cancer Action, 
a national organization dedicated to inspiring and compelling societal changes necessary to end the breast cancer 
epidemic; president of Breast Cancer Options, a grassroots support, education and advocacy organization serving 
six counties in the Hudson Valley; patient advocate member of the Cancer and Aging Research Group (CARG), 
seeking to improve cancer care for older adults with cancer and chair of Stakeholders for Care in Oncology and 
Research for our Elders (SCOREboard), a patient and caregiver advisory group 
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STEVEN CHEN, PHARM.D., FASHP, FCSHP, FNAP, is an Associate Professor and Associate Dean for Clinical 
Affairs at the USC School of Pharmacy and the William A. Heeres and Josephine A. Heeres Chair in Community 
Pharmacy. He received his Pharm.D. from USC and completed a USC-affiliated residency in 1990. Before joining 
the faculty at USC in 1998, he was a quality assurance pharmacist and clinical pharmacy coordinator at the 
Department of Veterans Affairs. Dr. Chen has received honorary fellowships from the California Society of Health-
System Pharmacists (CSHP), the American Society of Health-System Pharmacists (ASHP) and the National 
Association of Practitioners. He is a member of research and practice teams that have been awarded the Best 
Practices Award from ASHP twice (2002 and 2008), the American Pharmacists Association Pinnacle Award (2007) 
and the American Association of Colleges of Pharmacy Inaugural Community Transformative Award (2009). He 
received the USC School of Pharmacy Outstanding Alumnus of the Year Award and the American Pharmacists 
Association Pinnacle Award for individual career achievement in 2013. In 2015, he received the American Heart 
Association Multicultural Initiatives Award, the Schweitzer Fellowship Leadership Award and the CSHP Innovator 
Award. He was recognized by the Center for Medicare and Medicaid Services in 2016 for his collaboration with 
The Partnership for Public Service that contributed to 87,000 lives saved, 2.1 million fewer patient harms and $19.8 
billion in cost savings. In 2017, Dr. Chen received a third Pinnacle Award through his partnership with the Center 
for Medicare and Medicaid Innovation, and in 2018, he received the Pharmacist of the Year Award from CSHP. 
Dr. Chen has received multiple teaching awards from USC students and residents. 
 
STEVEN R. CUMMINGS, M.D., is a Professor of Medicine, Epidemiology, and Biostatistics Emeritus at UCSF. 
Executive Director of the San Francisco Coordinating Center. He designed and led numerous clinical trials 
including pivotal trials of therapies for FDA approvals.  He co-founded the UCSF Clinical Research Training 
Program and is a co-author of Designing Clinical Research (Williams and Wilkins). He is an expert in clinical 
research on aging, leading several large studies of the biological basis of human aging and biomarkers of aging 
outcomes and has served on the NIA National Advisory Council on Aging. He has over 600 publications and was 
elected to the National Academy of Medicine for his accomplishments in clinical research. Dr. Cummings is also a 
pioneer in, ‘direct-to-participant’ AKA ‘Virtual’ AKA Home-based clinical trials and interactive e-consent. 
Pertinent to this conference, Dr. Cummings leads the NIA-funded TOPAZ trial, a randomized trial of an IV 
treatment for osteoporosis in patients age 65 or older with Parkinson’s disease, that is being conducted entirely from 
patients’ homes. 
 
KATHERINE DAWSON, M.D., senior vice president, Therapeutics Development Group started at Biogen in 2004 
from Massachusetts General Hospital, where she trained and was as an attending Physician in the Neuromuscular 
Group. During her initial 9 years in clinical development, Kate worked on Tysabri, Avonex, Plegridy, and brought 
Tecfidera through Phase 3 trials and approval in the US and EU.  For the next 4 years, she worked on the Medical 
Affairs leadership team, first as VP, Global Medical Neurology and then VP, US Medical.  In June Kate transitioned 
back to Development and her current role. Kate received her Medical Degree from Albert Einstein College of 
Medicine in New York graduating ΑΩΑ honors.  She is currently the Chair of the Biogen Foundation, our non-
profit organization, and proudly dates her participation in WIN to its earliest days. 
 
CHRISTINA FRIEDRICH, PH.D., brings over 17 years of leadership expertise in applying mathematical models of 
biologic/physiologic systems for overcoming development challenges faced by pharmaceutical and consumer 
product companies. At Rosa (and previously at Entelos, Inc.), she has developed significant experience in the fields 
of diabetes, blood disorders, CNS disorders, oncology, immune-oncology, rheumatoid arthritis, respiratory diseases, 
skin diseases, gastrointestinal disorders, and other immune system dysfunctions and inflammatory processes. While 
at Rosa, Dr. Friedrich developed and published the first peer-reviewed journal article on the qualification of 
mechanistic  mathematical models. Before Rosa, Dr. Friedrich was the Director of Core Product Development at 
Entelos, Inc., the first –generation leader in PhysioPD-style models. Dr. Friedrich has spearheaded numerous 
modeling methodologies and contributed to foundational patents, including on the use of virtual patients and 
populations to explore biological variability and uncertainty, and on the identification of biomarkers. Dr. Friedrich 
completed her BS at MIT and a PhD in Management Science and Engineering at Stanford University. 
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JASON KARLAWISH, M.D., is a physician and writer. He is a Professor of Medicine, Medical Ethics and Health 
Policy, and Neurology at Penn and cares for patients at the Penn Memory Center (www.pennmemorycenter.org), 
which he co-directs. His research focuses on issues at the intersections of bioethics, aging and the neurosciences. 
He leads the Penn Program for Precision Medicine for the Brain (P3MB). He has investigated the development and 
translation of Alzheimer’s disease treatments and biomarker-based diagnostics, informed consent, quality of life, 
research and treatment decision making, and voting by persons with cognitive impairment and residents of long 
term care facilities. P3MB has developed standards for Alzheimer’s disease biomarker disclosure and investigated 
the clinical impacts of this knowledge on persons and their families.  
 
GEORGE A. KUCHEL, M.D., F.R.C.P., is professor of medicine, Travelers Chair and Director of the University of 
Connecticut Center on Aging. This center brings together clinicians, educators, clinical investigators, basic 
scientists and researchers conducting health outcome/population studies who are all committed to the discovery of 
strategies for promoting independence and health in old age. Dr. Kuchel’s research funded by NIH and other 
agencies is focused on Precision Gerontology, an approach designed to help older adults remain and healthy 
independent in a manner that is both individualized and guided by mechanisms. To that end, his work focused on 
potentially-targetable pathways contributing to functional declines involving host defense, mobility, continence and 
cognition. 
 
ROSANNE M. LEIPZIG, M.D., PH.D., is an internationally recognized leader in the field of geriatrics and has 
received numerous awards for her work, including the American College of Physicians Richard and Hinda 
Rosenthal Foundation Award, Joy McCann Scholar, Dennis W. Jahnigen Memorial Award from the American 
Geriatrics Society (2008), Brookdale National Fellowship in Geriatric Medicine, and the Paula Ettelbrick 
Community Service Award from Services & Advocacy for GLBT Elders (2014). She also received the Jacobi 
Medallion, one of the highest honors from the Mount Sinai Health System (2016). She is the editor-in-chief of 
Focus on Healthy Aging, a monthly newsletter. Dr. Leipzig has published over 100 articles and published two 
groundbreaking books on geriatrics. During her career as a doctor, she has been named as one of the Best Doctors 
in America (Woodward/White, Inc.), Best Doctors in the New York Metro Area (The Castle Connolly Guide), 
America’s Top Physicians (Consumers Research Council of America), a New York Times SuperDoc, and one of 
New York Magazine’s Top Doctors for Geriatric Medicine. She has appeared on The Today Show, CBS Evening 
News, CBS Sunday Morning, CNN, and AARP Webinars, and has been published in TIME magazine, the New York 
Times, the Wall Street Journal, Bottom Line Health, AARP The Magazine, and American Medical News, among 
others. Dr. Leipzig is currently writing a book about what to expect as you age, which will provide valuable advice 
and unparalleled expertise for everyone who is in the process of aging. 
 
STUART M. LICHTMAN, M.D., is an Attending Physician and Member, Memorial Hospital for Cancer and Allied 
Diseases, Member, Memorial Sloan-Kettering Cancer Center and Professor of Medicine, Weill Cornell Medical 
College. He is a member of the 65+ Clinical Geriatrics Program and Gynecologic Oncology Disease Management 
Team at the Center. He has been on the Board of Directors and Treasurer of SIOG since 2010 and has participated 
in multiple taskforces (Chemotherapy, as chair, Geriatric Assessment, Renal Dysfunction, Lymphoma, Oral 
Chemotherapy), US National Representative and Scientific Chair of the 2011 meeting. He has been a participant in 
the Alliance for Clinical Trials in Oncology (formerly CALGB) as a member of the Pharmacology and Experimental 
Therapeutics Committee (1990-2008), the Cancer in the Elderly Committee (1995-present). His work also included 
the Scientific Advisory Board of the Geriatric Oncology Consortium, the Elderly Taskforce of the Gynecologic 
Oncology Group, Cancer and Aging Research Group and the NCCN Guidelines Taskforce for the treatment, 
Evaluation of Older Women with Breast Cancer, Editorial Board of the Journal of Geriatric Oncology, External 
Advisory Board of the University of Iowa Cancer Center, Governing Board Cancer and the Kidney International 
Network. He has been a member of ASCO since 1988 and have been an active participant by serving on the Clinical 
Practice Committee, Scientific Program Committee, Geriatric Oncology Special Interest Group, an invited speaker 
at Educational Sessions, ASCO University, ASCO Post and a faculty member of the ASCO/AACR Vail Clinical 
Trials workshop for five sessions on the topic of special populations.  
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LAUREL J. PRACHT represents the patient perspective as protocols evolve into research concepts through her 
membership in a nationwide cooperative group. As lead patient advocate for a cancer prevention clinical trial, she 
assisted with the accrual of participants and direct support of the trial. As a member of the National Cancer Institute 
Symptom Management and Health-Related Quality of Life Steering Committee, her goal in reviewing concepts is 
to include suggested shared decision-making materials and adverse events to ensure patient-centeredness is a central 
goal of research. As a PCORI Ambassador, Pracht participated in a site visit to the Zuni Nation in Zuni, New 
Mexico, for an ongoing clinical trial. There, she reviewed a paper that was later published in a scientific journal. 
She became a PCORI Ambassador after cycling off the inaugural Patient Engagement Advisory Panel and 
anticipates that she will remain involved in the Ambassador program. Pracht received her Bachelor of Science at 
the University of Nebraska. She has also received Research Advocacy Network Symposium advocate training, and 
the American Society of Clinical Oncology Patient Advocate Training. 
 
JOHN POWERS, M.D., is the Senior Medical Scientist at Leidos Biomedical Research in support of the Division of 
Clinical Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health and an 
Associate Clinical Professor of Medicine at George Washington University School of Medicine in Washington, 
D.C. Dr. Powers' research interests are in clinical trials in a variety of infectious diseases with a focus on research 
methodology and patient centered outcomes, and measuring the safety and effectiveness of medical interventions. 
Dr. Powers also has a research interest in antimicrobial resistance and appropriate antimicrobial use. He was the co-
chair of the United States Inter-Agency Task Force on Antimicrobial Resistance and is a member of the WHO 
Advisory Group on Integrated Surveillance of Antimicrobial Resistance. He received medical training in Internal 
Medicine at Temple University School of Medicine and sub-specialty training in Infectious Diseases at the 
University of Virginia.  
 
ERIKA RAMSDALE M.D., is a dual-trained and board-certified geriatrician and oncologist at the University of 
Rochester Wilmot Cancer Institute. Her research involves the development and implementation of care delivery 
interventions to decrease polypharmacy in older adults with cancer. She has authored multiple peer-reviewed 
articles about polypharmacy and association with adverse outcomes within this population, and she is currently 
studying the role of virtual, pharmacist-led “deprescribing” interventions for these patients. She also has interest 
and expertise in the role of information technology in the care of older adults with cancer, including the development 
of digital approaches to capturing patient-reported data remotely. She received her BS and MD from the University 
of Kansas; she completed residency and fellowships in Hematology/Oncology and Geriatric Medicine at the 
University of Chicago. She is a current graduate student at the Goergen Institute for Data Science at the University 
of Rochester.  
 
STEVEN ROTHSCHILD, M.D., is a family physician, educator and researcher in the Departments of Preventive 
Medicine and Family Medicine at Rush University. In addition to a 30-year clinical career focused on providing 
primary medical care to the medically underserved, he is an established researcher focusing on health services 
research, chronic illness self-management, and community- and team-based approaches to addressing health 
disparities. As an expert in community based participatory research, he has been an invited faculty member for the 
NIH Summer Institute on Design and Conduct of Randomized Clinical Trials involving behavioral interventions, 
sponsored by the Office of Behavioral and Social Sciences Research. As a faculty member at Rush, he has been 
recognized by students for his teaching excellence and humanism. He is also the co-convener of Rush's 
interprofessionalism interest group, bringing together over 30 clinicians and faculty from across the Medical Center 
to improve team-based education, research and patient care. Rothschild serves on the Chicago Board of Health, the 
advisory committee for the Albert Schweitzer Fellowship Program, and the Health and Medicine Policy Research 
Group, where he is vice president.  
 
HARPREET SINGH, M.D., is a medical oncologist at the U.S. Food and Drug Administration (FDA) with an 
emphasis on cancer in older adults. She continues to see patients in a prostate cancer multidisciplinary clinic at the 
National Cancer Institute. She is native of Los Angeles and graduated from the University of California, San Diego 
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before completing her medical degree at the University of Southern California Keck School of Medicine. She 
completed her internal medicine residency and geriatrics fellowship at the Los Angeles County + University of 
Southern California Medical Center. She then went on to the National Cancer Institute at the National Institutes of 
Health for a fellowship in medical oncology. She focused on tumor immunology and biology, including cancer 
vaccines and immunotherapy clinical trials. Dr. Singh joined the FDA as a medical officer in 2015, where she 
quickly established herself as a leader in geriatric oncology.  
 
RAJESHWARI SRIDHARA PH.D., is director of the Division of Biometrics V in the Office of Biostatistics which 
supports the Office of Hematology Oncology Products in the Center for Drug Evaluation and Research at the U.S. 
Food and Drug Administration (FDA). Dr. Sridhara has contributed to the understanding of statistical issues unique 
to the area of oncology disease such as evaluation and analysis of time to disease progression. Her research interests 
include evaluation of surrogate markers and design of clinical trials. She has organized, chaired and given invited 
presentations at several workshops, and has worked on regulatory guidance documents across multiple disciplines. 
She has published extensively in refereed journals and presented at national and international conferences. She is 
an elected fellow of the American Statistical Association. Prior to joining FDA, Dr. Sridhara was a project 
statistician for the AIDS vaccine evaluation group at EMMES Corporation, and was an assistant professor at the 
University of Maryland Cancer Center.    
 
SUSAN STRONG, M.A., works with local organizations including CU, as an Entrepreneur in Residence; SAGE in 
Boulder and Fort Collins helping early stage companies connect with teams of expert advisors; mentoring women-
led companies with MergeLane; and as an Innosphere program manager helping with startup and scaleup. Susan is 
the principal of The Strong Group, a high technology consulting firm focusing on business development, sales and 
marketing and market research. Susan served in marketing executive positions at public and private companies 
including Agilent Technologies, Dionex, Dharmacon, GeneData and Genomica. Susan advises the SJSU Masters 
in Biotechnology program. Her degrees are from Penn State (BS Chemistry) and University of North Carolina at 
Chapel Hill (MS Analytical Chemistry).  
 
JONATHAN TOBIN, PH.D., FACE, FAHA, is the President/CEO of Clinical Directors Network Inc. (CDN) and Co-
Director of Community Engaged Research at The Rockefeller University Center for Clinical and Translational 
Science, teaches the fundamentals of getting started in collaborative community-based research to a live audience 
of family health center clinicians. A board certified epidemiologist, Dr. Tobin leads the audience through the key 
concepts and importance of translational research, the basic epidemiological skills necessary for the development 
and understanding and interpretation of community-based research, and how epidemiological measures relate to 
clinical research and clinical practice. Topics covered include measures of morbidity and mortality (prevalence and 
incidence), causal inference, data collection methods, validity, reliability, and working with human subjects. He 
closes with a practical exercise that assists with conceptualizing and developing research aims and questions.  
 
ERIC TOPOL, M.D.,is a professor in the Department of Molecular Medicine, is an executive vice president at 
Scripps Research and the founder and director of the Scripps Research Translational Institute (previously Scripps 
Translational Science Institute). His work melds genomics, big data, and both information technologies and digital 
health technologies to advance the promise of personalized medicine. In 2016, the National Institutes of Health 
awarded Dr. Topol a $207 million grant to lead a significant part of the All of Us Research Program, a long-term 
research endeavor aimed at understanding how a person’s genetics, environment and lifestyle can guide approaches 
to preventing or treating disease. Topol has published over 1,100 peer-reviewed articles, and his more than 200,000 
citations place him among the top 10 most cited researchers in medicine as measured by Thomson Reuters’ Institute 
for Scientific Information. Widely viewed as one of the most influential physician leaders in the country, Topol is 
the author of two bestselling books on the future of medicine: The Creative Destruction of Medicine and The Patient 
Will See You Now. His next book, Deep Medicine, focused on artificial intelligence, will be published in 2019. 
. 
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ABOUT THE FORUM 
 

 
 

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 DIS- 
COVERY, 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. 
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Robert Califf (Co-Chair) 
Verily Life Sciences and Google 
Health 

Gregory Simon (Co-Chair) 
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ABOUT 
THE 

FORUM

           To receive updates on the 
National Cancer Policy Forum, visit 
nationalacademies.org/NCPF

The National Cancer Policy Forum serves as a trusted venue 
in which experts can identify emerging high-priority policy 
issues in cancer research and care and work collaboratively to 
examine those issues through convening activities focused on 
opportunities for action. The Forum provides a continual focus 
within the National Academies on cancer, addressing issues in 
science, clinical medicine, public health, and public policy that 
are relevant to the goal of reducing the cancer burden, through 
prevention and by improving the care and outcomes for those 
diagnosed with cancer. Forum activities inform stakeholders 
about critical policy issues through published reports and 
often inform consensus committee studies. The Forum has 
members with a broad range of expertise in cancer, including 
patient advocates, clinicians, and basic, translational, and 
clinical scientists. Members represent patients, federal agencies, 
academia, professional organizations, nonprofits, and industry. 

The Forum has addressed a wide array of topics, including:

•	 enhancing collaborations to accelerate research and 
development;

•	 improving the quality and value of care for patients who 
have been diagnosed with or are at risk for cancer;

•	 developing tools and technologies to enhance cancer 
research and care; and

•	 examining factors that influence cancer incidence, mortality, 
and disparities.
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Upcoming Workshops  

Opportunities and Challenges for Using Digital 
Health Applications in Oncology

July 13-14, 2020

The National Cancer Policy Forum, in collaboration with 
the Forum on Cyber Resilience, is convening a workshop to 
examine the role of digital health applications in oncology 
research and care. Workshop speakers will discuss topics  
such as: 

•	 Exemplars of novel digital health applications, including 
an emphasis on patient-facing technologies

•	 Regulatory priorities
•	 Ethical, security, governance, and payment considerations
•	 Opportunities to improve data availability and use in EHRs 

and large databases
•	 Participant reactions and recommendations for the path 

forward

    Workshop website: 
    https://www.nationalacademies.org/event/07-13-2020/ 
    opportunities-and-challenges-for-using-digital-health- 
    applications-in-oncology-a-workshop

WORKSHOP SERIES ON OLDER ADULT 
POPULATIONS 
Collaborative series convened by:  
National Cancer Policy Forum 
Forum on Drug Discovery, Development, and Translation 
Forum on Aging, Disability, and Independence 

Drug Research and Development for Adults 
Across the Older Age Span

August 5-6, 2020

There is a lack of evidence about the appropriate use of 
drugs in older adult populations, which hampers decision 
making about how to optimize care for older adults. A major 
contributor to this evidence gap is that older adults are vastly 
underrepresented in clinical trials. This workshop will convene 
stakeholders to discuss the challenges and opportunities in 
drug research and development for older adult populations, 
including the barriers that impede safety and efficacy studies 
in these populations. Workshop presentations and discussions 
will highlight opportunities to better engage older adults in 
clinical research and strategies to generate evidence-based 
prescribing information for older adult populations.

    Workshop website: 
    https://www.nationalacademies.org/event/08-05-2020/ 
    drug-research-and-development-for-older-adult- 
    populations-a-workshop

Improving the Evidence Base for Treatment 
Decision Making for Older Adults with Cancer

Date TBD

Older adults represent the majority of patients diagnosed 
with cancer and the majority of cancer-related deaths. 
However, the evidence base to guide treatment decision 
making among older adults with cancer is sparse, primarily 
because older adults are underrepresented in clinical trials, 
and trials designed specifically for older adults are rare. 
This workshop will examine challenges and opportunities 
to improve the evidence base for treating older adults with 
cancer, including clinical trial design and analysis strategies, 
incorporation of geriatric assessments and patient reported 
outcomes in clinical trials, and the potential for real world 
data collection from clinical practice to fill evidence gaps.

    Workshop website forthcoming

Addressing the Adverse Consequences of  
Cancer Treatment

November 9-10, 2020

Cancer care is associated with significant physical, mental, 
and socioeconomic consequences. This workshop will 
examine the array of short- and long-term toxicities and 
adverse effects that patients may experience as a result of 
cancer treatment and consider opportunities to improve 
quality of life for cancer survivors and their families. Workshop 
presentations and discussions will focus on topics such as: 

•	 Strategies to better accrue data on short- and long-term 
effects of cancer and cancer treatment

•	 Opportunities to redesign cancer treatment to reduce 
short- and long-term toxicities without compromising 
treatment effectiveness

•	 Patient engagement in treatment decision-making and 
tools to facilitate understanding of risk/benefit tradeoffs

•	 System-level interventions and best practices for 
prevention, surveillance, and mitigation of the adverse 
effects of cancer treatment

•	 Opportunities to overcome the challenges that prevent 
uptake and dissemination of evidence-based approaches 
to address the adverse effects of cancer treatment. 

       Workshop website: 
       https://www.nationalacademies.org/event/11-09-2020/ 
       addressing-the-adverse-consequences-of-cancer- 
       treatment-a-workshop

23

https://www.nationalacademies.org/event/07-13-2020/opportunities-and-challenges-for-using-digital-health-applications-in-oncology-a-workshop
https://www.nationalacademies.org/event/07-13-2020/opportunities-and-challenges-for-using-digital-health-applications-in-oncology-a-workshop
https://www.nationalacademies.org/event/07-13-2020/opportunities-and-challenges-for-using-digital-health-applications-in-oncology-a-workshop
http://nationalacademies.org/hmd/Activities/Disease/NCPF/2020-JUL-13.aspx
https://www.nationalacademies.org/event/08-05-2020/drug-research-and-development-for-older-adult-populations-a-workshop
https://www.nationalacademies.org/event/08-05-2020/drug-research-and-development-for-older-adult-populations-a-workshop
https://www.nationalacademies.org/event/08-05-2020/drug-research-and-development-for-older-adult-populations-a-workshop
https://www.nationalacademies.org/event/11-09-2020/addressing-the-adverse-consequences-of-cancer-treatment-a-workshop
https://www.nationalacademies.org/event/11-09-2020/addressing-the-adverse-consequences-of-cancer-treatment-a-workshop
https://www.nationalacademies.org/event/11-09-2020/addressing-the-adverse-consequences-of-cancer-treatment-a-workshop


Advancing Progress in the Development and 
Implementation of Effective, High-Quality 
Cancer Screening

Evidence-based screening approaches have contributed 
to improved patient outcomes, and research continues 
to develop and evaluate potential new strategies for early 
cancer detection. However, there are a number of challenges 
related to ensuring effective, high-quality screening. This 
workshop examined current issues in cancer screening, 
including principles and methods of cancer screening; key 
gaps in the evidence base for cancer screening, as well as 
statistical and methodologic challenges; validation and 
implementation of novel screening technologies; patient 
access to high-quality cancer screening and follow-up care; 
and shared decision making and communication in cancer 
screening.

Workshop videos and presentation files:  
https://www.nationalacademies.org/event/03-02-2020/
advancing-progress-in-the-development-and-
implementation-of-effective-high-quality-cancer-
screening-a-workshop

Applying Big Data to Address the Social 
Determinants of Health in Oncology

This workshop, held in collaboration with the Committee 
on Applied and Theoretical Statistics, examined social 
determinants of health (SDOH) in the context of cancer and 
considered opportunities to effectively leverage big data to 
improve health equity and reduce disparities. Presentations 
and discussions highlighted the influence of SDOH on cancer 
risk and outcomes; novel data sources and methodologies; 
data policy and ethical considerations regarding the use of 
big data in SDOH research; opportunities for collaboration 
and data sharing; as well as avenues for future research.

Workshop videos and presentation files: 
https://www.nationalacademies.org/event/10-21-2019/
applying-big-data-to-address-the-social-determinants-of-
health-in-oncology-a-workshop

Health Literacy and Communication Strategies 
in Oncology

This workshop, held in collaboration with the Roundtable 
on Health Literacy, examined opportunities, methods, 
and strategies to improve the communication of cancer 
information in a clinic visit, across a health care organization, 
and among the broader community. Workshop presentations 
and discussion addressed procedures, policies, and programs 
to support health literacy needs of patients and families; 
best practices to improve communication about cancer 
prevention, detection, treatment, and survivorship; and 
communication strategies to build public trust and counter 
inaccurate information about cancer.

Workshop videos and presentation files:  
https://www.nationalacademies.org/event/07-15-2019/
health-literacy-and-communication-strategies-in-
oncology-a-workshop

        Proceedings: 
        http://www.nationalacademies.org/hmd/  			 
        Reports/2020/health-literacy-and-communication-		
        strategies-in-oncology-pw.aspx

        Workshop Overview: 
        https://www.nap.edu/resource/25664/interactive/

        Workshop highlight videos are available at: 
        www.youtube.com/watch?v=M1NjXeG_cgs and  
        www.youtube.com/watch?v=9iyPsTZ7RNw

Developing and Sustaining an Effective and 
Resilient Oncology Careforce

Advances in cancer research, screening and diagnostic 
practices, and cancer treatment have led to improved 
outcomes for patients with cancer and a growing population 
of cancer survivors, but they have also increased the 
complexity of cancer care. Demographic trends, new 
payment models, growing emphasis on interprofessional 
practice, the widespread adoption of technologies in clinical 
practice, and a shift to the outpatient care delivery all have 
a profound effect on the cancer careforce. This workshop 
examined opportunities to better support the oncology 
careforce and improve the delivery of high-quality cancer 
care. 

       Workshop videos and presentation files: 
       http://nationalacademies.org/hmd/Activities/Disease/       	
       NCPF/2019-FEB-11.aspx

       Proceedings: 
       https://www.nap.edu/catalog/25533/developing-and- 
       sustaining-an-effective-and-resilient-oncology-careforce- 
       proceedings

       Workshop Overview: 
       https://www.nap.edu/resource/25533/interactive/
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The National Academies of Sciences, Engineering, and Med-
icine have formed the Forum on Aging, Disability, and Inde-
pendence to foster dialogue and address issues of interest and 
concern related to aging and disability. This includes aging 
and the related disabling conditions that can occur, as well as 
aging with an existing disability. The Forum seeks to promote 
bridging of the research, policy, and practice interests of the 
aging and disability communities to accelerate the transfer of 
research to practice and identify levers that will effect change 
for the benefit of all. Of particular concern is promoting 
healthy aging, independence, and community living for older 
adults and people with disabilities. 

PERSON-CENTERED/PARTICIPANT-DIRECTED MODEL
Underpinning all aspects of achieving health and community 
living goals is a holistic, well-coordinated, person-centered, and 
participant-directed planning and implementation process. As 
depicted in the model below, this process should be directed by 
the individual in need, or by someone who either the individ-
ual has chosen or has been appropriately designated to direct 
and coordinate the process. The main factors that need to be 
coordinated include home and community settings; services 
and support; workforce; and financing. All of these factors exist 
within an environment that includes several key elements: 
quality; technology; research and evaluation; and policy. The 
Forum is focused on improving the understanding of the rela-
tionships that exist among all of these factors and examining 
ways to improve policies and environments that will ultimately 
promote independence and quality of life for older adults and 
people who have disabling conditions.

COORDINATION 
Many systems need to work together successfully to sup-
port healthy aging, independence, and community living 
for people with disabilities and older adults. While both 
medical and social services are key to keeping older adults 
and individuals with disabilities in the setting of their 
choice in the community, these two systems are not always 
well connected. Similarly, in many communities there is a 
divide between service systems for those who are under 
age 65 and those who are over age 65. A goal of the Forum 
is to improve system integration and access to person- 
centered supports and services that can improve quality of 

life for both populations. For some individuals, this could be 
in the form of a designated care coordinator, whereas for oth-
ers it may mean ensuring that they have information about all 
available resources because they choose to be their own care 
coordinator.

HOME AND COMMUNITY SETTINGS
Being an active member of a community is a priority for many 
people. A primary goal of the Forum is to foster access to ser-
vices and supports that allow people with disabilities and 
older adults to live safely in the setting of their choosing and 
have the supports they need in the workplace if they would 
like to continue working. 

SERVICES AND SUPPORT
Having access to services and supports can be critical to 
improving quality of life, maximizing independence, and 
preventing hospital re-admission. Services and supports can 
include assistance with dressing or cooking, social engagement, 

ABOUT THE FORUM
For more information, visit nationalacademies.org/ADIForum

Forum on Aging, Disability, and Independence

Model for Promoting Healthy Aging, 
Independence, and Community Living for 
People with Disabilities and Older Adults
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or provision of medical care. It is important to ensure that 
potential beneficiaries are aware of available resources and 
take advantage of them as appropriate.

WORKFORCE
The nation faces a growing imbalance between the supply of 
and demand for its health care system as the number of older 
adults with complex health needs increasingly outpaces the 
number of workers with the knowledge and skills to ade-
quately care for them. Similarly, health care professionals are 
often not well-informed about proper care for people with 
disabilities or the problems these individuals face as they age. 
Fundamental reforms are needed in the ways these popula-
tions receive care, including changes to workforce education 
and training so that the workforce can be utilized efficiently 
and effectively while also providing high-quality care.

FINANCING
Although there are various sources of financing to support 
healthy aging and independent living services, they can be 
insufficient and difficult to access. Financing sources range 
from federal and state programs to non-profit foundations 
and philanthropic organizations. In addition, the private sec-
tor offers insurance (medical and long-term), and many com-
mercial companies provide programs that can offset costs 
for assistive products under specified conditions. However, 
the individual (or family members) often finances some or, 
in some cases, all services that are received. Innovations in 
financing are needed. Preventive services are underdevel-
oped and “under-offered,” resulting in greater expense in the 
long run, even though some services have found ways to cut 
costs while maintaining or even improving quality. The Forum 
examines ways to increase use of prevention strategies and 
provide financing that is more transparent and usable by peo-
ple desiring these services.

TECHNOLOGY
Technology products have improved functioning and quality 
of life for people with disabilities of all ages. They can range 
in complexity from a calendar to coordinate which days of the 
week different services will be provided to devices that facili-
tate mobility and beyond. This is an area with many possibili-
ties to connect the needs of consumers, regulators, businesses, 
and product developers. It also involves assistance in a myriad 
of settings, such as home, transport vehicles, medical facilities, 
workplaces, and community venues. 

POLICY
Numerous social inequities and other barriers prevent older 
adults and people with disabilities, particularly those with 
multiple chronic conditions, from realizing their full potential 
for social and economic participation. The Affordable Care Act 
offers new opportunities, both to improve the service delivery 

system and to provide coverage for workers who become dis-
abled. Yet the need for policy improvements involving equitable 
financing for health care, access to affordable, person-centered 
long-term supports and services, and workplace accommoda-
tion still remains. 

RESEARCH AND EVALUATION
As policy changes are made, new technologies are developed, 
and the workforce adapts, evaluation and research are needed 
to determine whether these changes are beneficial and to val-
idate best practices and inform future directions. Given that 
there are limited resources, wise use of existing data and effec-
tive coordination of research by all sectors of the nation are 
essential.

QUALITY
Quality is a key characteristic that encompasses all elements 
of the Forum’s model. It is needed in any system supporting 
healthy aging, independence, and community living. If the sys-
tems in place are not of good quality, then they could break 
down, coordination could be lost, or individuals may lose trust 
in the people, research, and devices that are intended to help 
them achieve personal goals. 

FORUM GOVERNANCE AND ACTIVITIES
The Forum is self-governing. Thus, the Forum membership 
identifies the topics it wishes to address, and with assistance 
from staff, develops meeting agendas and identifies workshop 
topics. The Forum meets 2-3 times annually and also has work-
ing groups that plan workshops and other activities. Products 
include workshop proceedings; cooperative projects initiated 
by Forum members; independently authored articles concern-
ing Forum topics; and derivative consensus studies. 

Tracy Lustig, DPM, MPH 
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Disparate Inclusion of Older Adults in Clinical Trials: Priorities
and Opportunities for Policy and Practice Change
Angelica P. Herrera, DrPH, Shedra Amy Snipes, PhD, Denae W. King, PhD, Isabel Torres-Vigil, DrPH, Daniel S. Goldberg, PhD, and Armin D. Weinberg, PhD

Older adults are vastly underrepresented in clinical trials in spite of shoulder-

ing a disproportionate burden of disease and consumption of prescription drugs

and therapies, restricting treatments’ generalizability, efficacy, and safety.

Eliminating Disparities in Clinical Trials, a national initiative comprising a stake-

holder network of researchers, community advocates, policymakers, and federal

representatives, undertook a critical analysis of older adults’ structural barriers

to clinical trial participation. We present practice and policy change recommen-

dations emerging from this process and their rationale, which spanned multiple

themes: (1) decision making with cognitively impaired patients; (2) pharmaco-

kinetic differences and physiological age; (3) health literacy, communication,

and aging; (4) geriatric training; (5) federal monitoring and accountability; (6)

clinical trial costs; and (7) cumulative effects of aging and ethnicity. (Am J Public

Health. 2010;100:S105–S112. doi:10.2105/AJPH.2009.162982)

In the past century, tremendous strides have
been made in the effective management of
chronic diseases through biomedical innova-
tions, health promotion studies, and prevention
trials, along with an improved understanding of
pharmaceutical treatments and genetic deter-
minants of health.1 However, not every popula-
tion benefits equally from these advancements,
and disparities are perpetuated by the low
clinical trial participation of vulnerable popula-
tions.2–4 Exclusion of older adults as clinical trial
participants is highly problematic, because older
adults suffer the greatest health burden in the
Western world, enduring disproportionately
high rates of cancer,5 cardiovascular disease,6

dementia,7 arthritis, and Parkinson’s disease.8

They spend 36% of total US personal health care
dollars9 and consume 42% of all prescription
drugs.10 Equitable participation in clinical trials
on the basis of age, then, is vital, because it can
advance medical knowledge and test the safety
and efficacy of new treatments that are general-
izable to aging populations.11–13

However, older adults continue to be un-
derrepresented in clinical trials.14 Although two
thirds of cancer patients are older than 65 years,
only about 25% of cancer trial enrollees have
attained this age.15 Further research indicates
that older adults carry 60% of the national

disease burden but represent only 32% of
patients in phase II and III clinical trials.16 Clinical
trial participation of older adults is also low in
research on Alzheimer’s disease,17 arthritis,18

epilepsy,19 incontinence,20 and cardiovascular
disease.21 These failings may limit generaliz-
ability, provide insufficient data about positive or
negative effects of treatment among specific
populations,3,13 and hinder much-needed access
to new treatments.

The reasons for disparate inclusion of older
adults in clinical trials are complex and chal-
lenging. Typically, older adults face a combina-
tion of obstacles, including comorbidities,4

ageism,4 economic constraints, underinsurance,
lack of insurance,22 communication issues (e.g.,
hearing difficulties that interfere with telephone
interviews and impaired vision that affects writ-
ten surveys),9,23 and physical immobility that
constrains transportation options.24,25 The
unethical treatment of African Americans in
research, epitomized by the Tuskegee Syphilis
Study,26,27 may partly explain why older ethnic
minorities may be reluctant to participate in
today’s clinical trials, despite achievements in
human participant protections. For example,
though individuals from racial/ethnic minority
groups comprise about a quarter of the US
population, fewer than 1 in 10 participants in

cancer studies conducted between 1995 and
1999 were from racial/ethnic minority groups.28

We recognize that for many older members of
racial/ethnic minority groups, the cumulative
effect of a lifetime of poverty, racial discrimina-
tion, segregation, migration histories, and ill
health creates divergent world views in older age
than Whites,29 which may fuel their mistrust in
medical establishments and research.

We identified policy gaps from a current and
historical context, and pinpointed limitations in
evidence-based knowledge and practice that
may contribute to disparities in older adults’
participation in clinical trials. We describe
policy-oriented and practical recommendations
that can be applied across all clinical trial
phases and disease areas. These key areas point
to several short- and long-term opportunities
for recruiting and retaining older adults into
clinical trials. Our findings ensued from
a workgroup on aging and clinical trials under
the auspices of a national initiative, Eliminating
Disparities in Clinical Trials (EDICT).

EDICT OVERVIEW AND TIMELINE

In July 2005, the Chronic Disease Preven-
tion and Control Research Center at Baylor
College of Medicine, in collaboration with the
Intercultural Cancer Council, began an initia-
tive to identify methods for improving clinical
trial recruitment and retention in underrepre-
sented populations (e.g., based on geographical
isolation, age, ethnicity, disability). The EDICT
initiative (principal investigator: Armin
Weinberg, PhD) brought together more than
300 stakeholders nationally across thematic
workgroups that convened at 3 national
meetings, and via monthly Web-based tele-
conferences and in-person meetings. Stake-
holder teams encompassed policy experts,
federal agencies, community advocates, and
academic, clinical, and pharmaceutical re-
searchers.
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The first of these meetings was held in
September 2006 in Houston, Texas, with the
purpose of reviewing existing data and formu-
lating a platform for effectively disseminating
policy recommendations aimed at increasing
the participation of underrepresented groups in
clinical trials. Nine thematic workgroups, each
comprising a representative group of stake-
holders, emerged from this event to identify
issues and refine proposed suggestions into
policy recommendations. From October to
December 2007, an internal stakeholder pol-
icy review was conducted; between January
and February 2008, an external stakeholder
policy review—including a public comment
period—was completed. In March 2008, 33
finalized policy recommendations were pre-
sented on Capitol Hill. Although the EDICT
initiative pursued a broader assessment of
underrepresented groups, we present the
findings from a workgroup that compiled the
concerns and critiques focused on older adults
that were noted across the 9 thematic teams.

EMERGING THEMES AND
RECOMMENDATIONS

Our policy-oriented recommendations were
analyzed according to the ‘‘Three Rs’’30: en-
suring equal enrollment (recruitment), minimizing
drop-out rates (retention), and including a post-
trial environment in which researchers, sponsors,
and pharmaceutical companies interact with the
community to provide accountability and tangi-
ble benefits (return). The workgroup considered
the following questions: (1) What are the policy’s
strengths and weaknesses? (2) Which audiences
should be targeted for behavioral change? (3)
What are the policy’s unintended consequences
and social, political, ethical, and financial obsta-
cles? (4) How might the policy be modified to be
more effective? We present perspectives, obser-
vations, and rationales for each of the derived
recommendations.

Develop Best Practices and Standardize

Protocols

We recommend that the Department of
Health and Human Services Office of Human
Research Protections, which oversees the reg-
ulation of institutional review boards, and the
Association for the Accreditation of Human
Research Protection Programs (AAHRPP),

should develop best practices and standardize
informed consent processes for those with
cognitive impairments. This would reduce
ethical and legal concerns and promote equal
representation in clinical trials. Specifically, we
suggest that standard criteria be modified,
ensuring that caregivers of cognitively im-
paired older adults are informed about their
supporting roles in studies, and that the au-
tonomy of cognitively impaired elders is pro-
tected. Clinical research staff must also receive
ample training regarding such processes, in-
cluding any Health Insurance Portability and
Accountability Act implications and state, fed-
eral, and National Institutes of Health (NIH)
regulations regarding the appropriate use and
definition of a proxy.

According to the Alzheimer’s Association, 1
in 8 persons aged older than 65 years is
diagnosed with Alzheimer’s disease or demen-
tia.31 Alzheimer’s disease and dementia interfere
with cognitive abilities and, thus, with informed
consent processes. Cognitively impaired individ-
uals have difficulty making informed, competent,
and voluntary decisions about participating in
clinical trials, introducing ethical and legal chal-
lenges.32,33 However, tools exist to aid re-
searchers in identifying eligible participants
among those with cognitive impairment.34,35 For
instance, a 3-item questionnaire that could be
easily integrated into the informed consent
process has been successfully tested in per-
sons with Alzheimer’s disease and diabetes to
determine their capacity to make informed
decisions.35

The Health Insurance Portability and Ac-
countability Act introduces privacy and legal
concerns for patients, providers, and family
members that affect the inclusion of older
adults who require the consent of a proxy or
caregiver.36 Criteria are needed to help re-
searchers designate the most appropriate proxies
and caregivers, because caregivers’ attitudes do
not always reflect patients’ interests or prefer-
ences37 despite the fact that older adults often
consult with family members before considering
a clinical trial38 and may refuse to sign any
documents before discussing them with a family
member.39,40 However, the caregiver or surro-
gate may not be available, may not understand
the protocol, may not desire the patient to be
involved because of undue burden to the care-
giver, or may act on their own misconceptions of

clinical trials.10 Factoring caregivers into the
informed consent process is crucial, because the
number of older adults depending on caregivers
is likely to increase in the future.41

Establish and Reinforce Guidelines

We recommend that federal mandates re-
quire age-related pharmacokinetic disclosures
on all labels for all medications (i.e., improved
geriatric use labeling), without exception.
Pharmacokinetic and age-based differences
contribute to the risk of poorly designed clinical
trials that do not evaluate an inclusive partic-
ipant pool.42 Stringent eligibility criteria may
inadvertently limit enrollment of older adults
with multiple morbidities, which is common in
older adults.43 Indeed, adults may face organ
abnormalities or lower functional status with
increasing age, particularly with respect to the
instrumental activities of daily living and corre-
sponding number of comorbidities.15,39 Kidney
function, for instance, may decline in older
adults, impairing drug excretion and metabolic
clearance of drugs.44 In older type 2 diabetes
patients, a higher prevalence of comorbidities,
tolerance of adverse effects from medication, and
changes in metabolic control requires a modified
treatment approach.45

The Social Security Administration and
Medicare are examples of entities that have
long retained antiquated definitions of old age
(e.g., ‡65 years) based on chronological age.
Scientifically, however, these age thresholds
are arbitrary and uninformative for the purpose
of delineating constructive clinical guidance
on treatment decisions. Even when clinical
trials provide an adequate representation of
chronologically older adults, they describe
a disproportionately healthier group than the
average older-age population. Clinical trials
designed with physiological age in mind would
certainly lead to more meaningful results.
Admittedly, the science for determining phys-
iological age is poorly defined and inexact.
Investigators only recently identified potential
biomarkers that are highly predictive of chro-
nological and physiological age in worms; the
science in humans remains unreliable and
subjective at best.46 Until we acquire and test
more sophisticated measures of physiological
aging, to minimize biases in clinical trials from
healthier populations of older adults, we support
the Food and Drug Administration’s (FDA’s)
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recommendation that clinical researchers proac-
tively include older adults aged 75 years and
older, which the literature reports as suffering
from a significantly higher rate of disease burden
than younger older adults.

Phase I trials may not necessitate represen-
tation of older adults with high-risk complica-
tions. However, adequate enrollment of older
adults in phase II and III clinical trials is
essential, because of the goal of confirming
dosage, safety, adverse effects, and effective-
ness. Further, similar to successful pediatric-
specific trials, future research in older adults
may wish to investigate any advantages and
disadvantages of geriatric-specific clinical trials
to help elucidate the safety and effectiveness
of drug and other therapies in this growing
population.

Physiological age is also affected by comor-
bidities, quality of life, predicted life expec-
tancy, and a patient’s perceived benefits and
discomfort, which may all become adversaries
to treatment. Studies examining pharmacologic
differences between ‘‘fit’’ and ‘‘frail’’ older
adults are also needed. Fit elderly are defined
as those who meet standard eligibility criteria
and are capable of tolerating experimental
treatment during clinical trials.47 However,
there is little discussion about ‘‘frail’’ elderly who
are less likely to participate in clinical trials.48

Frail elderly have reasonable functional status,
with some degree of comorbidity. Clinical trial
researchers must ensure the adequate represen-
tation of older persons with and without comor-
bidities to glean an accurate examination of
a treatment’s safety and efficacy.

Older adults are at high risk for adverse drug
reactions because of the pharmacokinetic and
pharmacodynamic changes associated with
aging.48,49 Data suggest that 19.6% of older
veterans received at least 1 drug deemed in-
appropriate according to the 2006 criteria in the
Health Plan Employer Data and Information
Set.50 To remedy this, the FDA issued its
Guideline for Industry51 to encourage the fair
representation of elderly participants in clinical
trials. The document emphasized the importance
of considering common conditions related to
aging, such as renal impairment, the significant
inclusion of people aged older than 75 years in
clinical trials, and the study of interactions with
other commonly prescribed medications in older
adults. Guidance for Industry52 covers various

drug classes believed to pose problems in geri-
atric patients, but it does not require manufac-
turers to include sufficient numbers of geriatric
patients in clinical trials. The guidelines merely
allow manufacturers to state in the package insert
that insufficient numbers of geriatric patients
were included in the trials preceding FDA
approval.53

The FDA still fails to require continued
clinical trials for older adults with comorbid-
ities who use high-risk drugs. Nevertheless, the
tone of their amendment represents a more
aggressive stance on noncompliance, which
may be an important step toward inclusivity
and reducing disparities arising from poor
study design. The FDA’s guidelines for geriatric
labeling have increased awareness of the
need for more older adults in clinical trials and
more information on common or hazardous
adverse effects among older adults. In 1998,
the FDA released draft guidelines that specified
the content and format for geriatric labeling
on medications.53 The proposal stipulated that
pharmaceutical manufacturers submitting new
drug applications also include geriatric labeling
supplements in package inserts, subject to FDA
approval. However, agency approval is not re-
quired if insufficient data exist on whether older
patients react to the drug differently from youn-
ger patients.53

The FDA’s guidelines for geriatric labeling
are problematic because of the insufficient
numbers of elderly people in premarketing
clinical trials. About half of all drugs marketed
after 1998 contain information on use by older
patients, but few describe specific problems
encountered in this population.54 In fact, only
28 of the top 50 oral medications prescribed to
older adults had age-specific dosing information
available, and only 8 of those included specific
milligram recommendations.55

Employ Age-Friendly Methods of

Communication

We recommend that clinical trial sponsors
require that researchers use consent forms,
promotional materials, and other study forms
in age-appropriate formats and adjusted liter-
acy levels. This includes large-print, third- to
fifth-grade reading level materials, accompa-
nying audiovisuals for the hearing- and vision-
impaired, and other clinical teaching aids that
are appropriate to culture and literacy level

(e.g., videos, charts, and diagrams). Trials
should procure or facilitate access to supportive
services, such as a participant navigator
trained in geriatrics, additional funding for
transportation, and access to benefit eligibility
counselors. With updates pertaining to older
adults, the National Standards on Culturally
and Linguistically Appropriate Services, devel-
oped by the Office of Minority Health, can be
used as a starting point.

Physical health impairment and low health
literacy are major barriers to clinical trial
enrollment for older adults. Lee et al.56 found
that low health literacy (the ability to read and
comprehend basic health-related materials57)
was common among community-dwelling Medi-
care beneficiaries enrolled in a national managed
care organization. Older adults have poor func-
tional health literacy overall,56 even after visual
acuity and medical conditions are accounted for,
and those with inadequate health literacy are
likely to be older ethnic minorities with a lower
annual income, fewer years of education, and
a higher mortality rate.58 African American and
Hispanic patients have consistently lower rates of
health literacy than non-Hispanic Whites, even
after factors such as education are accounted
for.59 Those with low health literacy and chronic
diseases also know less about their diseases and
plausible treatment methods, and exhibit poorer
self-management and health overall.57,59 The
National Standards on Culturally and Linguisti-
cally Appropriate Services provide principles of
culturally competent care, issued by the US
Department of Health and Human Services’
Office of Minority Health.60 These standards
presently only address the language of materials
and communications, and do not provide guide-
lines specific to older adults with low literacy
levels or hearing and vision impairment.61

Support Geriatric Education and Training

We recommend that the Liaison Committee
for Medical Education, which addresses edu-
cation regarding clinical research, amend
medical education requirements and curricula
objectives to sensitize future practitioners to
the special needs of older and ethnic minority
adults. The Accrediting Council for Continuing
Medical Education and the Accrediting Council
for Graduate Medical Education should con-
sider working with the American Geriatrics
Society to adopt additional coursework and
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continuing education concerning geriatrics, age-
ism, and the intersection of age and clinical trials.
The AAHRPP should reinforce these criteria
by requiring that all personnel involved in a
clinical trial complete training in the recruitment
and retention of a geriatric population.

Biases and ageism manifest as systemic
barriers that impede minority elder enrollment
in clinical trials.62 Health care providers are
less likely to refer older ethnic minorities for
screening and treatment, including those pro-
vided by clinical trials.63,64 A prevalent notion
expressed by researchers is that older adults are
less willing to participate in clinical trials than are
younger adults.64,65 However, studies indicate
that many older people want to participate in trial
research and describe such participation as
a positive experience, even when studies have
neutral or negative outcomes.11,62,66,67

In a 2006 survey of 89 national colleges and
schools of pharmacy, 43% of schools reported
having 2 full-time geriatrics faculty members,
whereas the rest relied on part-time faculty.68 Of
125 accredited medical schools, only12 teach
geriatrics as a separate required course, only14
have mandatory geriatrics clerkships, and most
mix geriatrics training into regular coursework.68

Two major obstacles to sound geriatric medi-
cine programs are lack of research faculty and
meager monetary incentives.69 The lack of spe-
cially trained providers to meet the needs of the
aging population is expected to worsen unless we
invest in geriatric education.69 Meager prepara-
tion among clinicians and researchers can lead to
care that is unsuitable for older adults, as well as
lower rates of clinical trial participation in this
population.69 Compounding this problem, the
AAHRPP, the accrediting body for institutional
review boards, does not require training on the
equitable participation of underrepresented
groups in clinical trials, nor does it make accred-
iting decisions on the basis of institutional review
boards’ performance in this area.70

Improve Federal Monitoring and

Accountability

We recommend that clinical trial sponsors
require, and enforce, clinical researchers to
report age by strata to document adequate
representation of older adults in clinical trials.
A promising policy aimed at addressing inclusion
criteria in clinical trials is the NIH Revitalization
Act of 1993, which mandated that women and

minorities be included in NIH-funded studies
involving human participants, and allowed for
subset analysis by gender or race and ethnic-
ity.71 This legislation, however, does not include
recommendations regarding older adults. To
begin to adequately document representation of
older adults’ involvement in clinical trials and
conduct analysis based on specific age strata, an
additional inclusion policy that provides for
oversight ensuring proper implementation (i.e.,
uniform reporting of inclusion of older adults for
all studies) should be adopted.

The FDA provides some guidance on the
reporting of clinical trial data by age.72 The
recommendations encourage drug sponsors to
report the age of each clinical trial participant to
allow for identification of differences in safety
and effectiveness associated with age. The rec-
ommended age-reporting formats include aver-
age age, the ages of the youngest and oldest
participant, and the number of participants who
fall into specific age categories.72 Additionally,
clinical review summaries provided to the FDA
contain safety and efficacy data reported by age,
gender, and race/ethnicity.72 These guidelines
are easily transferable and can be adopted by
clinical trial researchers.

Reduce Clinical Trial Costs

We recommend that changes be made to the
cost coverage of clinical trial participation, par-
ticularly by the Centers for Medicare and Med-
icaid Services (CMS). The number of Medicare
beneficiaries more than doubled between 1966
and 2000, and is expected to double again, to
about 77 million, in 2030.73 In most cases,
clinical trial patients receive drugs and trial-
specific care at no cost. However, they may be
held responsible for some routine care associated
with the trial and the cost of travel and initial
screening visits. Further, because some health
plans define clinical trials as experimental, health
insurance coverage may not include the costs of
routine patient care that is part of the trial.74

In 2000, an executive mandate from Presi-
dent Clinton created an amendment to Medi-
care policy that required the coverage of
routine patient care costs associated with clin-
ical trials. This policy change successfully in-
creased clinical trial enrollment for older patients
from 25% to 38% between 1993 and 2003.
Most of this increase, however, may have
occurred among Medicare beneficiaries with

supplemental private insurance coverage and
may not have included underrepresented
groups.75 CMS revisited the national clinical trial
coverage decision in July 2006 to address issues
associated with the policy, such as clarifying
payment criteria for procedures associated with
clinical research.75 During the public comment
phase, some urged CMS to add criteria for
including underrepresented groups in clinical
trials. Ultimately, CMS made no changes to its
original 2000 clinical trials policy.75 It noted that
doing so without adequate time to fully scrutinize
the new FDA Amendments Act might risk
duplicating contingencies stipulated by Congress.

To alleviate out-of-pocket costs, a growing
number of states have passed legislation that
requires health plans to pay for the routine
medical care of clinical trial patients. According
to the National Cancer Institute, 20 states
provide mandatory third-party reimbursement
for clinical cancer treatment trials.74 Unfortu-
nately, only 8 states offer coverage through all 4
phases of the clinical trial process,74 and of the
states that provide clinical trial coverage, several
stipulate specific requirements. In California,
coverage only applies to routine patient care
costs related to clinical cancer trials with a ther-
apeutic purpose, as recommended by a treating
physician. To be eligible for coverage in Con-
necticut, clinical trials for cancer prevention must
include a phase III trial with therapeutic inter-
ventions conducted at multiple institutions and
approved by a federal authority. Other states,
such as Georgia, only require third-party cover-
age for routine patient care costs incurred in
conjunction with children’s clinical cancer trials.74

Respond to Effects of Race/Ethnicity

and Age

We recommend that health care researchers
address some of the damaging legacies of
medical research among members of racial/
ethnic minority groups to successfully recruit
and retain them in clinical trials. Racial/ethnic
minorities will make up the largest segment of
the older adult population by the year 2050.76

African Americans and Latinos, in particular, are
disproportionately affected by chronic illness,
disability, depression, poverty, and substandard
quality of life.76 Throughout time, members of
racial/ethnic minority groups, children, pris-
oners, and poor people have been exploited for
unethical medical research, without their consent
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or knowledge. Thus, inherited beliefs about the
hazards associated with research and the struc-
tured inequality of the medical establishment are
common among ethnic minority elderly.77 Ra-
cial/ethnic minority group members have his-
torically been reluctant to participate in clinical
trials. Older African Americans, in particular,
are more likely than older Whites to be familiar
with the negative legacies of clinical research,
such as the Tuskegee Syphilis Study.26,27 These
past abuses of power leave many African
Americans guarded against enrolling in clinical
trials. In addition to distrust of the medical
establishment, older members of racial/ethnic
minority groups express concern that clinical
researchers lack an understanding of their beliefs
and values; they also express a lack of encour-
agement from their physicians, and fear adverse
effects of medical experimentation.27,78,79

Compared with the general older-age pop-
ulation, older persons from racial/ethnic mi-
nority groups have lower health literacy
rates,56 higher poverty, and higher rates of
morbidity22 that serve as barriers to participation
in clinical trials. In addition to limited access
to health care, cultural and language barriers,
a lack of financial incentives, and unawareness of
clinical trials, racial/ethnic minority group mem-
bers experience more chronic illness and dis-
ability than non-Hispanic Whites, which may
disqualify them from clinical trials.80–84 Some
cultures see illness as more multidimensional—
encompassing religion, spirituality, and envi-
ronment—than the medical establishment does,
which may further inhibit access to treatment.85

Increasing the pool of racial/ethnic minority
physicians is an important and often-cited step
toward creating a culturally competent health
care workforce, but it is not always sufficient to
overcome barriers to access. For instance,
a cross-sectional study of 742 physicians’ atti-
tudes and practices regarding clinical trials
found that Latino physicians were significantly
less likely to refer patients to clinical trials or find
scientific value in trials.86 They reported
fewer patients inquiring about clinical trials, and
more who were deemed ineligible after referral.
Similarly, simply having African American
clinicians as the faces of a clinical trial may not
produce the intended effects, if we recall that
African American clinicians were responsible for
executing the disastrous Tuskegee Syphilis Study
protocol.

Cultural competency must encompass at-
tention to differences in language, culture, and
socioeconomic background. It also necessitates
an awareness of historical context and rela-
tionships with the medical community that
have consequently led to distrust of healthcare
research by racial/ethnic groups. Opportunities
for researchers to emulate best practices do
exist. One prime example comes from the
Resource Centers for Minority Aging Research
(RCMAR), first funded by the National Institute
on Aging in 1997, which have spearheaded
studies leading to best practices in conducting
research with older ethnic minorities. Their
efforts have focused on developing trust among
racial/ethnic minority older adults and
providing possible solutions to recruiting and
retaining older adults from racial/ethnic mi-
nority groups in clinical trials.87 RCMARs have
also increased the number of researchers who
specialize in health of older adults from racial/
ethnic minority groups, and enhanced diversity
and cultural competency in the professional
workforce by mentoring racial/ethnic minority
academic researchers.

The Resource Centers for Minority Aging
Research’s focus on community-based partici-
patory research brings in the vital perspective
of community members and includes one-on-
one advising, directed pilot research projects,
and group feedback. This approach has proven
to be effective in attracting individuals from
racial/ethnic minority groups and older
adults.88 However, researchers have concluded
that as beneficial as community-based participa-
tory research can be in reaching underrepre-
sented groups, it is also an arduous, long-term
process that requires considerable commitment
and buy-in from collaborators in the academic
sector and the community at large.89

FUTURE DIRECTIONS AND
PRACTICAL IMPLICATIONS

Strategies for increasing older adults’ partic-
ipation in clinical trials must consist of pro-
grammatic and study design changes.7,90,91

Successful recruitment requires identifying and
consulting individuals who are knowledgeable
about and trusted by members of the aging
community,92,93 adhere to the principles of
community-based participatory research,26 en-
gage the community as a partner,92,93 recognize

cultural perspectives,94 and provide clear and
adequate information regarding risks, benefits,
costs, and time required to participate in trials.6

Successful recruitment must also address issues
of awareness, lack of resources, physical barriers,
distrust of researchers, and ageism among re-
searchers.95,26 These strategies, however, must
be backed by relevant policy at institutional and
federal levels to achieve widespread and sus-
tained impact.

Approximately 19.3% of Americans will be
aged 65 years or older by 2030, a significant
increase from 12.6% in 2007.94 Additionally,
because individuals from racial/ethnic mi-
nority groups will comprise the largest seg-
ment of the older-adult population by 205076

and are disproportionately affected by chronic
illness, disability, poverty, and poor quality of
life, it is imperative that policy makers, clinical
researchers, federal regulatory agencies,
funders, caregivers, and the general public be
apprised of the importance of equal repre-
sentation by age and race/ethnicity in clinical
trials.

Our recommendations are not intended to
address all aspects of this important issue but to
invigorate a dialogue around policy-driven
solutions. We are cognizant of the resistance to
adopting unfunded mandates. However, we
contend that when researchers and policy
makers incorporate elements of these policies
early in the design and development of re-
search, higher costs can be averted. If one
considers the legal and ethical ramifications of
prescribing treatments on the basis of inaccu-
rate evidence, cost should not be an excuse to
avoid testing and enforcing these recommen-
dations. Most drug therapy trials are funded by
pharmaceutical companies, placing on them the
larger burden of ensuring drug safety. Phar-
maceutical companies face lawsuits for various
reasons, from concealing crucial and some-
times detrimental study results to distributing
drugs that cause adverse reactions or even
death. This provides an incentive for ensuring
that drug safety takes precedence and that the
study population adequately reflects those who
represent the consumers of such therapies.

Our recommendations, though not pre-
scriptive, provide some guidance for develop-
ing a coordinated and comprehensive ap-
proach to reducing significant health disparities
and highlight noteworthy areas for further
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investigation. One of the many effects of an
aging population is that more people will re-
quire safe, affordable treatments for longer
periods of time. A multipronged policy ap-
proach will help us achieve this goal while
improving the quality of life of thousands of
Americans, saving great financial and human
costs in the long run. j
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Accelerated Drug Approval and Health Inequality

In the United States, there is considerable political mo-
mentum for accelerating access to novel medications.
Faster access is often portrayed as increasing fairness by
providing treatment options to patients who currently
lack them. There has been scant attention, however, to
the broader effects such proposals would have on eq-
uity within health care and research.

The most important product of the drug develop-
ment process is the evidence base about how to use po-
tential new medications. This evidence base also in-
forms further research.1 This information includes which
patients to treat, at what dose, and with what other treat-
ments. It also includes estimates of the benefits and risks
of appropriate use of the drug. Approving medications
with data from fewer patients or patient-years of expo-
sure diminishes this information base and increases the
remaining uncertainty about benefits, risks, and use of
a new medication. The costs and burdens of this addi-
tional uncertainty are unequally distributed in 4 ways.

First, earlier drug approval directs the burdens of
medical uncertainty toward groups of people who are
often disadvantaged. The amount of research con-
ducted on a new medication determines how much
information is available to guide its use. The United
States already provides the fastest approval for new
drugs in the world,2 with almost a quarter of drugs
approved in 2015 receiving approval through either
breakthrough or accelerated pathways. Even under
current laws and regulations, licensing approval is often
based on trials of modest size, or single pivotal studies.3

Patients enrolled in many studies are selected based on
strict eligibility criteria; for instance, they are often
healthier than the patients in whom the drug will typi-
cally be used. As a result, the evidence base available
for guiding the use of novel drugs for other groups of
patients is already thin.

Earlier approvals would amplify these inequalities.
In early phase trials, the elderly, disabled, or ethnically
diverse persons; women; and patients taking multiple
medications are especially underrepresented,4 in part
because drug developers seek to minimize comorbidi-
ties or drug interactions that might derail research pro-
grams. Under proposals for accelerated approval, such
patients will confront increased uncertainty and risk
compared with men, people who are middle aged, or pa-
tients who may be healthier. Ironically, in some cases
such “underrepresented populations” constitute the ma-
jority of the intended treatment population. In cancer,
for example, roughly 60% of new cases occur among
people aged 65 years or older.5 Some previous efforts
to accelerate drug approval have been associated with
black-box warnings for groups of patients, such as ritux-
imab for patients with hepatitis B exposure.6,7

Some legislation that aims to accelerate drug
approvals, such as the 21st Century Cures Act, proposes

to improve the evidence base for treating groups of
people who have traditionally been underrepresented
by promoting their inclusion in trials. Increasing diver-
sity within trials is an important goal that the US Food
and Drug Administration (FDA) is taking steps to
advance.8 However, the aspirations of accelerated
approval and increased diversity in preapproval studies
conflict. Permitting approval on the basis of data from
fewer patients or from fewer patient-years of exposure,
reduces the power of studies to detect differences in
risks and benefits in relevant subgroups. Similarly, rely-
ing on trials that exclude patients who are elderly, who
take multiple medications, or who have comorbidities
leads to studies that have limited statistical power to
detect differential effects in these groups. To accelerate
approval, studies involving underrepresented groups
would have to be conducted after drugs are approved,
an approach that is problematic.

Second, earlier drug approvals strain the capacity
of the health care system to distribute health care
resources fairly. For pharmaceutical manufacturers,
market approval represents a shift from spending
money to conduct trials to earning money from product
sales. Because incentives to conduct additional trials
are vastly diminished after licensure and regulatory
enforcement is lacking, the pace of drug company
follow-through with postapproval trial obligations is
often glacial. For example, 18 years after the accelerated
approval of midodrine hydrochloride for symptomatic
orthostatic hypotension, postapproval efficacy studies
mandated by the FDA had yet to be completed.9

After marketing approval, the costs of reducing un-
certainty about the benefits and risks of drugs are typi-
cally borne by health care organizations and research
funded by government organizations. Health systems,
however, are designed to deliver care, not to generate
reliable medical evidence. Practices like blinding, ran-
domization, or standardized-event recording are more
difficult to implement in systems that are oriented to-
ward care. Health care systems represent inefficient en-
vironments in which to learn about differential effects
of novel drugs.

Disparities in health information for different
patient groups could persist for long periods and be
difficult to eliminate. Health systems could attempt to
address them, but this would require a substantial shift
of resources from delivering therapies toward evi-
dence generation (eg, training physicians to record
outcomes in a standardized fashion), further straining
the resources available for care. Alternatively, publicly
funded research systems like the National Institutes of
Health could fund research to reduce residual uncer-
tainties. Although this approach is more likely to pro-
duce reliable evidence efficiently, government agen-
cies have limited resources and competing funding
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priorities, including sponsorship of research not normally sup-
ported by drug companies.

Third, accelerating approval for new drugs socializes more of
the costs of uncertainty, while private entities profit from new
drug development. Many of the costs of uncertainty shift at the
point of licensure from developers to those purchasing new
drugs. Whether through out-of-pocket expenses, the costs of
health insurance, or tax dollars, consumers bear both the cost of
purchasing new medications and a larger share of the costs of gen-
erating the information needed to maximize the clinical benefit of
these drugs.

It might be argued that this shift in the distribution of drug de-
velopment costs is justifiable as a means of encouraging compa-
nies to research treatments for difficult-to-treat or rare diseases.
However, there is no assurance that companies would invest in such
efforts instead of focusing on other research areas or merely return-
ing profits to shareholders.

Fourth, accelerating the drug approval process would shift the
burdens of uncertainty away from study participants who are pro-
vided with a relatively rigorous and comprehensive process of in-
formed consent. In research, institutional review boards and other
oversight bodies ensure that uncertainty is explicitly communi-
cated to study subjects. This respects the autonomy of partici-
pants by giving them the opportunity to accept or decline risks in
light of an adequate understanding of relevant information. Con-

sent procedures for trials prior to the licensure of drugs are often
especially rigorous. Although informed consent should be an im-
portant component of all medical care, disclosure is often less de-
manding in care settings and is not subject to prior review. Indeed,
some proponents of mechanisms that integrate care and research,
like “learning health care systems,” have advocated more lenient con-
sent processes.10

The ability of health systems to safely and effectively treat
diverse groups of people is an important issue of public policy. So
too is the ability to contain health care expenditures and allocate
them efficiently. Marketing approval for new medications repre-
sents a turning point in which costs and burdens associated with
medical uncertainty shift from sponsors and research subjects to
health systems and treatment populations. Accelerating the point
at which approval takes place reduces the quality and relevance of
medical information in a way that has substantial implications for
the productivity and efficiency of the research and health systems.

Without corrective measures, accelerating market approval for
new drugs may make the process of reducing health care dispari-
ties more costly, more burdensome to patients, and more pro-
tracted. Further evidence collection is likely to occur in settings
where patients are less well protected by rigorous informed con-
sent processes. Debates about accelerated access have inad-
equately addressed these broader effects on equity in health care
and research.
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Inclusion Across the Lifespan
NIH Policy for Clinical Research

In 2005, a trial supported by the National Institutes of
Health (NIH) that included patients with a mean age
of 60 years demonstrated that implantable cardioverter-
defibrillators had improved survival rates over amioda-
rone in patients with congestive heart failure.1 This study
and another that examined cardioverter-defibrillator
therapy contributed to change in clinical practice.2 How-
ever, 40% of patients who subsequently received car-
dioverter-defibrillators were older than 70 years and 10%
to 20% were older than 80 years,2 illustrating the im-
portance of adequate inclusion of appropriate popula-
tions in clinical studies. In a review of 109 clinical trials,
Zulman et al found inadequate inclusion of older adults
to allow for informed decision making.3 In a review of 338
phase 3 and phase 4 NIH-funded studies that were ac-
tively recruiting in ClinicalTrials.gov, Spong and Bianchi
noted that 75.7% explicitly excluded children, contrib-
uting to problems with adequate information for pedi-
atric dosing and other interventions.4

To help reduce inadequate inclusion of younger
and older populations, the NIH’s Inclusion Across the
Lifespan (IAL) policy5 will become effective for all grant
applications submitted on or after January 25, 2019. This

policy is the next step in a series of policies to facilitate
the inclusion of scientifically appropriate and relevant
populations for the many questions addressed by NIH-
funded clinical researchers. In this Viewpoint, we sum-
marize the policies and mandated activities that pre-
ceded the IAL policy and the provisions of the policy. The
implementation of this policy will have implications for
all clinical research supported by the NIH and should en-
hance transparency and support reproducibility of clini-
cal study findings in broader populations.

Inclusion Policy History
Following NIH guidance on inclusion of women in clini-
cal studies in 1986, the NIH developed a policy respon-
sive to legislation requiring inclusion of women and
minorities in NIH-funded clinical research in 1994.6

This policy included a requirement that phase 3 clinical
trials subject to US Food and Drug Administration regu-
lation be designed such that a valid analysis stratified

by sex/gender and race/ethnicity could be performed.
In 1998, the NIH issued a policy regarding the inclusion
of children in clinical research and amended the policy
in 2015 to clarify the definition of a child as someone
younger than 18 years.7

With the passage of the 21st Century Cures Act in
December 2016,8 Congress required the NIH to collect
data on the inclusion of participants in clinical trials by
age. Congress also required the NIH to (1) convene within
180 days a workshop on age groupings and age exclu-
sions in clinical research, (2) post workshop findings on
an NIH website, (3) publish data on age of participants
in NIH-funded clinical research, including pediatric sub-
groups, and (4) determine, within 180 days of the work-
shop, whether to revise inclusion guidelines on age.

IAL Workshop
The NIH convened the workshop in June 2017 to con-
sider issues of the inclusion of infants, children, adoles-
cents, and older adults in clinical studies. Experts in pe-
diatrics, geriatrics, biostatistics, ethics, and scientific
publication were assembled for the workshop. The NIH
charged the group to consider opportunities for en-

hanced participation of these popula-
tions regardless of whether the re-
search was funded by the NIH.

The participants of the workshop
identified opportunities for enhancing
the inclusion of pediatric and older
populations.9 Some suggested changes
that could be implemented in the short-
term included reviewing and revising NIH
policies on the inclusion of pediatric and
older adult populations to maximize in-

clusiveness; revising grant applications to ensure inclu-
sion; reinforcing to reviewers that inclusion is part of the
review criteria; and reporting by age and tracking inclu-
sion of children and older adults in clinical studies.9

Subsequent Actions
Extensive discussion at the workshop focused on the
need for more detailed information regarding the age
of individuals participating in clinical research and the
challenge of appropriately representing age. Age might
be categorized in one way for one research question,
and in another way for a different question. Given the
choice, many researchers prefer using continuous
rather than categorical data because more can be
learned from analyses presented in different ways. For
example, for a study participant who is 12 years old and
another participant who is 8 years old, more granular
information can be obtained from analyses that con-
sider the participant’s individual age, rather than from

The implementation of this policy
will have implications for all clinical
research supported by the NIH and
should enhance transparency and
support reproducibility of clinical study
findings in broader populations.
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analyses that include the 12-year-old child in a group defined as
“aged 12 to 18 years” and the 8-year-old child in a group defined as
“aged 6 to 11 years.” Therefore, the NIH will ask investigators to sub-
mit anonymized individual-level data on age and other demograph-
ics. These data will make it possible for the agency to answer ques-
tions such as “What are the sex-specific age distributions of men
and women enrolled in NIH-funded studies of Paget disease of
bone?” Going forward, this change will allow the NIH to respond to
another provision of the 21st Century Cures Act that calls for
reporting of demographics of participants of NIH-funded studies
by disease category.

The IAL policy, summarized in the Figure, calls for researchers
to justify a higher or lower age requirement for participation in clinical

studies. The policy also calls for grant application reviewers to care-
fully consider the age groups proposed for studies to determine
whether the projected population is appropriate for the scientific
question being posed.

Challenges
Enrolling older patients in clinical trials invariably means patients
with more comorbidities will be included in studies, meaning that the
data will be “noisier.” This inclusion of older patients and the identifi-
cation of heterogeneity of treatment response among subgroups
(eg, very old, very young) may, in some cases, impose the need for
larger sample sizes. But, the inclusion of potentially more heteroge-
neous groups of older and younger patients also challenges investi-
gators to identify more nimble, cost-effective approaches (eg, adap-
tive or Bayesian designs).9 Researchers will need to consider better
ways to collect data to efficiently facilitate the conduct of larger-
scale trials at a reasonable cost, such as through randomized registry
trials. In addition, there will be a need for a cultural challenge to make
it acceptable to enroll more complex patients into trials.

Expected Outcomes
The IAL policy, and the review and reporting requirements associ-
ated with it, should help ensure that children and older adults are
not inappropriately excluded from clinical studies. The policy also
has the potential to provide a more robust understanding of the full
spectrum of participants recruited into clinical studies. Insights gar-
nered from this expanded inclusion approach could enhance repro-
ducibility and generalizability of clinical study findings.
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Figure. Summary of the National Institutes of Health’s (NIH’s) Inclusion
Across the Lifespan Policy

NIH Inclusion Across the Lifespan Policy

Include an inclusion plan in grant applications or proposals.
Submit a plan for including individuals across the lifespan in clinical research.
If excluding based on age, provide rationale and justification 
for the specific age range.
Scientific Review Groups will assess each application or proposal as being
acceptable or unacceptable with regard to the age-appropriate inclusion
or exclusion of individuals in the research project.

Report participant age at enrollment in progress reports.
Participant age at enrollment, sex or gender, race, and ethnicity data 
must be included in progress reports. 
Age at enrollment may be reported to NIH in units ranging from hours to years.
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A Patient-Centered Approach to Comparative Effectiveness
Research Focused on Older Adults: Lessons From the
Patient-Centered Outcomes Research Institute
Noah R. Mason, BA, Harold C. Sox, MD, and Evelyn P. Whitlock, MD, MPH

ABSTRACT: The mission of the Patient-Centered Out-
comes Research Institute (PCORI) is to fund the production
of high-quality evidence that will enable patients and clini-
cians to make informed, personalized healthcare decisions.
Since 2012, the PCORI has invested $177 million in
patient-centered comparative effectiveness research (CER)
that specifically targets the health needs of older adults,
with additional relevant studies in its broader portfolio.
Developing the PCORI’s research portfolio has provided us
with significant insights into what factors to consider when
conducting CER in older adult populations. When compar-
ing the net benefit of two or more interventions for older
adults, investigators should consider the following: absolute
risk difference, competing risks, life expectancy, the differ-
ence between chronologic and physiologic age, the impor-
tance of patient preferences, and other potential drivers of
variable treatment effects. Investigators should also engage
older adults and their caregivers as partners throughout the
research process. Their input helps to identify key outcomes
of interest and insights about the conduct of the research.
As the PCORI continues to support research that addresses
the healthcare decisions of the rapidly growing older adult
population, it needs to partner with patients and researchers
to identify the most important questions to address. J Am
Geriatr Soc 00:1–8, 2019.

Key words: comparative effectiveness research; patient-
centered outcomes research; geriatrics; older adults;
treatment response heterogeneity

INTRODUCTION

The theme of this article is framing patient-centered
comparative effectiveness research (CER) on health

problems of older people. By patient-centered research, we
mean the generation of evidence that helps clinicians and
patients to choose a test or treatment that is tailored to the
patient’s needs and preferences. Accordingly, the article
focuses on research approaches that provide strong evi-
dence to inform individualized healthcare choices by older
people and their clinicians.

The article begins with an introduction to the Patient-
Centered Outcomes Research Institute (PCORI) and its
portfolio of geriatric research. The middle section focuses
on patient-level factors that drive differing treatment effects,
each discussed in the context of the needs of older persons.
The last section is about choosing outcome measures that
best suit the preferences of older persons and how the
PCORI engages older stakeholders in designing research
that meets their needs. To illustrate some of these points,
we present examples from the PCORI’s current portfolio.

The PCORI and Its Portfolio of Geriatrics Research

The PCORI is the first publicly supported funding organiza-
tion whose primary mission is to fund clinical CER that
examines clinical effectiveness, risks, and benefits of two or
more medical treatments, services, or strategies used in diag-
nosis, treatment, management, and/or prevention of illness
or injury.1 The purposes of CER were articulated by the
PCORI’s legislative authorization1 and by the Institute of
Medicine (now the National Academy of Medicine).2,3 The
PCORI’s Board of Governors focused the organization’s
mission on CER that is patient centered, and the PCORI has
been a leader in the movement to involve patients and other
stakeholders in developing its portfolio of CER.

The PCORI’s research priorities, as established by its
Board of Governors, address health disparities, improving
health systems, communication and dissemination,
methods, and interventions to assess, prevent, diagnose,
and treat clinical conditions. Since 2012, the PCORI has
funded $1.7 billion in research that addresses these
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priorities, particularly patient-centered clinical CER and
approaches to improve the delivery of patient-centered care.

The PCORI has positioned itself to support important
research that addresses the needs of older adults. The
PCORI already has substantial experience in funding geriat-
rics research, with $177 million (39 projects; 10% of $1.7
billion total funding) awarded to date in research clearly
targeting common geriatric conditions (eg, falls) or focused
on older adult and Medicare populations. The PCORI’s
diverse “geriatrics portfolio” targets cancer (six projects),
musculoskeletal diseases (six projects), mental illness, neu-
rological diseases, and multiple comorbid conditions (four
projects each). Other disease categories have one or two
projects, and seven projects do not target a specific disease,
but address problems experienced with many diseases, such
as care transitions (Appendix Table).

Approximately two thirds of the PCORI’s $177 million
investment addresses clinical comparative effectiveness
questions (Appendix Table). Table 1 depicts two such in-
process studies. In study 1-A, the PCORI together with the
National Institute on Aging funded a $30 million random-
ized trial comparing a multifactorial strategy for reducing
the risk of serious falls and fall-related injuries to enhanced
usual care among 5300 older adults at increased risk for
serious falls. Study 1-B compares the effectiveness of differ-
ent medication strategies for treatment-resistant depression
in older adults.

The other one third of the PCORI’s geriatrics-focused
funding are studies of methods for making the delivery
and/or organization of clinical care for older adults more
effective and more patient centered. Our premise is that
enhancing care delivery should lead to better clinical out-
comes. These projects address shared decision making, care
coordination and transitions, navigating the patient care
system, palliative care and advance care planning, and
home-based care delivery. Table 1 depicts two such studies.
Study 1-C compares strategies to improve care coordination
and self-management support for older people with asthma.
Study 1-D compares the use of community-based patient
advocates to usual care for supporting chronically ill older
adults’ transition from the emergency department to home.

Additional studies in the PCORI portfolio also address
problems that affect adults of all ages (searchable on the
PCORI’s website at https://www.pcori.org/research-results?f
%5B0%5D=field_project_type%3A2984) and complement
the specific geriatrics portfolio described herein. As with
other PCORI awards, the topics in our geriatrics portfolio
were driven by the interests of individual investigators and
PCORI stakeholders. To maximize the PCORI’s contribu-
tion, the field of geriatrics and the community it serves
should continue to take advantage of the PCORI’s open
invitation to stakeholders to tell us their needs for
additional CER.

Simply focusing on specific clinical issues associated
with aging or including older adults in research is not suffi-
cient for generating the evidence to support individualized
care. Table 2 outlines major strategies for conducting
patient-centered CER. The next section details patient
factors that can lead to differing effects from the same
treatment and how these factors affect both research and
clinical considerations in older adults. The following
section discusses outcomes from the perspective of older

adults. The last section addresses a novel research strategy,
one for which the PCORI has been a leader: involving
patients and other stakeholders in the design and conduct
of healthcare research.

Healthcare Decision Making for Older Adults:
How Individual Characteristics and Preferences Drive
Treatment Choices and Net Benefit

Clinicians, older patients and their caregivers, and policy
makers regularly face decisions about health and healthcare.
The backbone of decision making in medicine is an assessment
of the expected benefits, harms, and, ultimately, net benefit of
the interventions for the individual. This assessment of benefits
and harms should include the patient’s feelings about the future
health states that he or she may experience. Clinicians intui-
tively grasp that patients will vary in their response to treat-
ments (heterogeneity of treatment effect), but the search for the
factors that drive response has only recently begun in earnest.5

In the PCORI’s legislative mandate, Congress stipulated that
the PCORI shall produce evidence about differences in com-
parative effectiveness in subpopulations and individuals;1 this
mandate is particularly important for research addressing older
adults, who are a highly varied population. In a large
community-based sample of older patients with heart failure,
for example, the presence of any functional limitations greatly
increased risk for death and other major adverse outcomes,
particularly in the presence of two or more noncardiovascular
comorbidities; however, 25% of patients with heart failure had
neither multimorbidity nor functional limitations.6

Patient-level sources of differing effects from the same
treatments can be considered under four main areas: base-
line risk, treatment responsiveness and harms, competing
risks, and patient preferences for health states.7 These fac-
tors are based on individual characteristics and vulnerabil-
ities8 that commonly differ between younger and older
adults and among older adults. We cover these each in turn
briefly, with illustrative examples in Table 2.

Baseline Risk

The baseline risk of a disease drives treatment choice. Base-
line risk reflects the pretreatment risk of experiencing the
outcome the treatment intends to prevent.7 Baseline risk
already informs common treatment choices, such as thera-
pies to prevent cardiovascular disease,9 in which age plus
risk factors predict 10-year cardiovascular event rates rang-
ing from less than 2.5% to 20.0% or greater;10 baseline
risk could better inform other treatment choices if more
consistently considered and reported in research,11 as
recommended.12

• The benefit of an intervention is often expressed as the
relative risk (the ratio of benefits for treatment A to the
benefits for treatment B), but absolute risk difference is
usually more informative.8 For example, the absolute
risk difference (the mortality rate after treatment A minus
the mortality rate after treatment B) describes a tangible
result: the percentage reduction in outcome rates. Even
when relative treatment effects are consistent across sub-
groups (ie, there is no statistical heterogeneity of treat-
ment effect,13 absolute treatment effects will differ
among subgroups with meaningful differences in their
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baseline outcome risk.5 Recent meta-research suggests
baseline outcome risk varies substantially in trials among
selected candidates for pharmaceutical treatment.14

Risk for many diseases increases with age, and so abso-
lute treatment benefit may also increase, and inform age-
specific comparative effectiveness. For some years, cardiac
surgery was deemed less effective in older people because

survival rates after coronary revascularization were consider-
ably lower in older people. However, because survival rates
of comparable older people with medical therapy were even
lower relative to younger people, the difference in mortality
rates after treatment (absolute risk difference for surgery vs
medical therapy) was larger after treatment of older people
than younger people.15 Although age is a prominent risk fac-
tor for cardiovascular disease, among older adults, other risk

Table 1. Selected PCORI Studies That Focus on the Needs of Older Adults

Variable Falls Prevention Depression Asthma Care Hospital Use

Study title
(PI name)

Randomized Trial of a
Multifactorial Fall Injury
Prevention Strategy: A
Joint Initiative of PCORI
and the National Institute
on Aging (Shalender
Bhasin, MD)

Optimizing Outcomes in
Treatment-Resistant
Depression in Older Adults
(Eric Lenze, MD)

Clinic-Based
vs. Home-Based
Support to Improve Care
and Outcomes for Older
Asthmatics (Alex
Federman, MD, MPH)

An Emergency
Department-to-Home
Intervention to Improve
Quality of Life and
Reduce Hospital Use
(Donna Carden, MD)

Study IDa 1-A 1-B 1-C 1-D
Study purpose To compare a multifactorial

fall injury prevention
intervention with enhanced
usual care for reducing the
risk of serious fall injuries
among noninstitutionalized
older adults.

To compare the benefits
and risks of different
antidepressant strategies
(augmentation and
switching drugs) among
older adults.

To compare a
clinic-based asthma care
coach with a
home-based community
health worker coach with
usual care for improving
asthma-related
outcomes among older
adults.

To compare use of
trained community-based
patient advocates with
usual post-ED care for
improving outcomes after
ED discharge.

Study
population

Community-living persons
≥75 y who are at
increased risk for serious
fall injuries

Adults ≥60 y with major
depressive disorder
resistant to two or more
antidepressant trials

African American or
Hispanic/Latino adults
≥60 y who have poorly
controlled asthma

Medicare fee-for-service
beneficiaries with one or
more chronic conditions

Interventions Multifactorial fall injury
prevention intervention:
risk assessments,
individualized fall care
plans that address
identified risk factors, and
ongoing monitoring.
Enhanced usual care:
patients discuss booklet on
falls with primary care
provider.

Step 1 strategies:
ADM + aripiprazole
(augmentation),
ADM + bupropion
(augmentation),
or switch from ADM to
bupropion.
Participants resistant to
step 1 will be randomized
to step 2:
augment with lithium
or switch to nortriptyline.

Routine PCP care + a
community health
worker work to support
and coordinate patient
care in their home.
Routine PCP care + an
asthma care coach for
patient care in clinic.
Usual care: routine PCP
care without any
additional care
coordination or support
provided.

ED-to-home transition
intervention: home visit
and telephone calls with
a trained,
community-based patient
advocate who will help
patients to attend
follow-up physician visits,
respond to signs of
worsening disease,
address medication
concerns, and
communicate with
healthcare providers.

Out comes Serious falls, fall injuries,
concerns about falling,
physical function and
disability, anxiety/
depressive symptoms,
hospitalizations, nursing
home admissions, and
death

Psychological well-being,
remission from depression,
serious adverse events,
falls and fall-related
injuries, physical function,
and social participation

Asthma control, quality
of life, resource use,
medication adherence,
self-management
behaviors, ability to
conduct daily activities,
and patient and
caregiver satisfaction
with care

Health-related quality of
life (health status,
satisfaction with care,
physical function, and
social and emotional
health), ED visits,
hospital admissions,
ability of patients to make
decisions about their
health and healthcare

Abbreviations: ADM, antidepressant medication; ED, emergency department; ID, identification; PCORI, Patient-Centered Outcomes Research Institute; PCP,
primary care provider; PI, principal investigator.
aThe study ID is a code that appears next to text that refers to an example study described in a table. It enables the reader to find the detailed information to
which the body of the text refers.
Study 1-A is available at https://www.pcori.org/research-results/2014/preventing-serious-falls-among-older-adults-project-supported-pcori-and; study 1-B is
available at
https://www.pcori.org/research-results/2016/comparing-treatments-older-adults-who-have-major-depression-does-not-respond; study 1-C is available at
https://www.pcori.org/research-results/2013/comparing-two-ways-offering-treatment-older-adults-asthma-samba-study; and study 1-D is available at
https://www.pcori.org/research-results/2013/emergency-department-home-intervention-improve-quality-life-and-reduce.
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Table 2. Strategies for Conducting Effective, Patient-Centered CER in Older Adult Patient Populations

Strategies
Study
IDa Examples From the PCORI’s Geriatrics Portfolio

Focus on conditions and/or clinical dilemmas
that disproportionately or exclusively affect
older adults

N/A The PCORI’s geriatrics portfolio includes many projects studying
conditions or health topics that affect the health of older adults, such
as falls, frailty, cognitive impairment, multiple chronic/comorbid
conditions, communication and medical decision making, and
palliative care.

Effectively engage older adults throughout the
research process: hypothesis generation, study
design, conduct of the study, data analysis, and
dissemination of results

N/A Refer to example studies in Table 3.

Include and engage caregivers of older adults
throughout the research process

2-C Example study: Improving Communication for Chemotherapy:
Addressing Concerns of Older Cancer Patients and Caregivers
(Supriya Mohile, MD, MS): caregivers provided significant input at all
stages of this study’s preliminary work, including helping to develop
the geriatric assessment intervention and choose outcomes for the
study. Patients and caregivers were both part of the study population,
and caregiver satisfaction and burden were among the secondary
outcomes being assessed.

Effectively target interventions for older adults
by considering the following:
• Drivers of differing treatment effects (baseline

risk, treatment responsiveness, treatment
harm, and competing risks)

• Importance of net benefit (ie, balance of
benefits and harms)

• Values and preferences of older adults
• Difference between chronologic and

biologic age

2-D Example study: Patient Valued Comparative Effectiveness of
Corticosteroids Versus Anti-TNF Alpha Therapy for Inflammatory
Bowel Disease (James Lewis, MD)2-D: this study compared the
benefit-harm profiles of anti-TNF agents and corticosteroids for the
treatment of inflammatory bowel diseases. By measuring both the
benefits (reduced need for bowel resection surgery) and harms
(serious infections and short-term mortality risks) of each therapy and
by using patient preference weights for each outcome, this study could
compare each therapy’s net benefit (J Lewis, unpublished data,
https://clinicaltrials.gov/ct2/show/NCT02316678, 2012).

2-E Example study: Preparing Spanish-Speaking Older Adults for
Advance Care Planning and Medical Decision Making (Rebecca
Sudore, MD): this study was based on the key difference between
chronologic and biologic age. The investigators chose to recruit older
adult patients with a lower minimum age (55 y) than the traditional
65-y age limit because they recognized that adults in safety net
settings (low socioeconomic status) experience accelerated aging,
functional decline, and sequelae of chronic disease.9,10

Adapt study design to incorporate older adults’
values and preferences, include broad,
real-world older adult population and robust
HTE analyses, and include longer length of
follow-up (than typical trials) to adequately
capture safety/adverse event outcomes

2-F Example study: Comparative Effectiveness of Behavioral Interventions
to Prevent or Delay Dementia (Glenn Smith, PhD): this study’s broad
inclusion criteria help to ensure a study population that represents a
real-world population of patients with amnestic mild cognitive
impairment. The investigators are planning to explore potential
heterogeneity of treatment effects by assessing interactions between
treatments and age, along with other baseline demographic variables.

Ensure study outcomes account for the
importance of harms, baseline risk, both relative
and absolute harms and benefits, provider-patient
communication, and relevant patient-centered
outcomes (eg, quality of life, functional ability,
independence, and time at home)

2-G Example study: A Practical Intervention to Improve Patient-Centered
Outcomes After Hip Fractures Among Older Adults (REGAIN Trial)
(Mark Neuman, MD, MS): the outcomes of this study include ability to
walk (primary outcome), ability to live at home independently, overall
health and disability, pain, mortality, and safety and tolerability
outcomes (acute postoperative pain, satisfaction with care, and major
adverse events during hospitalization).

Abbreviations: CER, comparative effectiveness research; HTE ; ID, identification; N/A, not applicable; PCORI, Patient-Centered Outcomes Research Institute;
TNF, tumor necrosis factor.
aThe study ID is a code that appears next to text that refers to an example study described in a table. It enables the reader to find the detailed information to
which the body of the text refers.
Study 2-C is available at https://www.pcori.org/research-results/2013/improving-communication-chemotherapy-addressing-concerns-older-cancer-patients
study 2-D is available at https://www.pcori.org/research-results/2013/anti-tnf-drugs-versus-long-term-steroid-use-patients-inflammatory-bowel
study 2-E is available at https://www.pcori.org/research-results/2013/preparing-spanish-speaking-older-adults-advance-care-planning-and-medical
study 2-F is available at https://www.pcori.org/research-results/2013/comparative-effectiveness-behavioral-interventions-prevent-or-delay-dementia; and study
2-G is available at
https://www.pcori.org/research-results/2015/comparing-how-two-types-anesthesia-affect-recovery-hip-fracture-surgery-regain.
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factors have stronger relative effects and thus the absolute risk
for cardiovascular disease varies widely.16 Another advantage
of absolute risk difference for clinicians is its easy translation
to a number that implies the effort or exposure needed to
achieve an outcome (eg, number needed to treat or number
needed to harm), because the reciprocal of the absolute risk
difference is the number of people exposed to an intervention
to produce one person’s outcome.

Treatment Responsiveness and Vulnerability to
Treatment Harms

Net treatment benefit (benefits minus harms) should drive
decision making. Therefore, even with a larger absolute bene-
fit based on greater pretreatment risk, the desirability of a
treatment is also affected by its absolute harms. For example,
risk of gastrointestinal tract bleeding, which varies widely
based on age, sex, and medical history,17 influences the desir-
ability of chemoprevention with aspirin.18 Treatment harms
may be more likely in older adults because of comorbidities
and common use of multiple medications. Similarly, the mag-
nitude of benefit (also known as treatment responsiveness)
may vary in older adults because of differences in body com-
position (percentage body water), in function (balance or
strength), or in other physiological factors (frailty) whose
effects may require direct evidence in older adults rather than
extrapolation from evidence in younger individuals.19,20

Study 2-D in Table 2 illustrates how investigators study bene-
fits, harms, and net benefit from interventions.

Competing Risks

Competing risks may affect treatment choices. Competing
risks from other disease processes can prevent an individual
from experiencing the expected benefit from treatment.
Screening for cancer illustrates this point; the mortality ben-
efits of screening typically do not appear for several years
after starting regular screening, during which time the
patient may succumb from disease or injury.

Older individuals typically have more than one chronic
disease, making competing risks important to factor into
research and critical when choosing among comparative treat-
ments.7 The time horizon for achieving benefits or avoiding
harms becomes important in treatment choices for older
adults, so time-to-benefit analyses can be informative. Measur-
ing the impact of common competing risks for a variety of
decision dilemmas would be an important geriatrics research
agenda.

Competing risks include considerations of life expec-
tancy. Life expectancy (approximated by the inverse of the
annual mortality rate) goes steadily down as a person gets
older, but also shows wide variability among those of the
same chronological age.21 With advancing age, differences in
life expectancy due to differences in health status become
larger.22 Therefore, expected net benefits (benefits minus

Table 3. The PCORI Geriatrics Portfolio: Engagement of Older Adults and Their Caregivers in CERa

Study Group Exercise for Older Adults (3-A) Navigating High-Risk Surgery (3-B)

Title On the Move: Optimizing Participation in Group
Exercise to Prevent Walking Difficulty in At-Risk
Older Adults
(Jennifer Brach, PhD)28

Navigating High Risk Surgery: Empowering Older Adults to
Ask Questions That Inform Decisions About Surgical
Treatment
(Margaret Schwarze, MD, MPP)29

Study period 2013–2017 2015–2020
Engagement
activities

Community-dwelling older adults and providers
were involved throughout the research process,
including preparation, execution, analysis, and
dissemination phases.

A PFAC, surgeons, and community members met monthly
and were involved in identifying the research question,
developing the intervention, and executing the research
project.

Impact on
study design

• New aim examining the sustainability of the
intervention was added thanks to providers’
feedback.

• Older adults’ preferences influenced the
randomization scheme.

• Inclusion/exclusion criteria were made more
inclusive thanks to providers’ feedback.

• Focus groups of adults helped develop the
exercise intervention.

The PFAC identified the need for more information and
decisional support during preoperative conversations.
The PFAC stressed the importance of including family
members as study participants.
The PFAC, surgeons, and focus groups of community
members helped design and revise the question prompt list
intervention to specifically target the needs of patients
considering high-risk surgery.

Impact on
study
outcomes

During focus groups, older adults identified
maintaining independence as a key outcome.
Investigators subsequently designated function,
disability, and mobility as their three primary
outcomes.

The PFAC helped identify impractical measures for patients
to answer over the telephone, helped identify those
outcomes that were relevant to patients and families, and
stressed the need not to be “blindsided” by the outcomes of
surgery. Outcomes included in the study were as follows:
(1) patient engagement in decision making and
(2) psychological well-being.

Abbreviations: CER, comparative effectiveness research; PCORI, Patient-Centered Outcomes Research Institute; PFAC, Patient and Family Advisory Council.
aThe study ID is a code that appears next to text that refers to an example study described in a table. It enables the reader to find the detailed information to
which the body of the text refers.
Study 3-A is available at https://www.pcori.org/research-results/2013/comparing-two-types-group-exercise-classes-help-older-adults-improve-walking; and
study 3-B is available at
https://www.pcori.org/research-results/2015/navigating-high-risk-surgery-empowering-older-adults-ask-questions-inform.
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harms) of two interventions that differ based on post-
intervention life expectancy are more prominent in compara-
tive effectiveness decisions in older adults than in younger
people. One way to compare the benefits of two interventions
is to measure the life-years gained from the interventions.
Comparing the likelihood that an older person will live long
enough to benefit from the intervention (life expectancy after
the intervention), while also considering the probability of
experiencing adverse effects in the interim, can inform a deci-
sion between treatment choices for an individual patient.

In the future, one imagines that clinical practices and
guidelines, such as those about when to stop screening, will
become more nuanced and attuned to a person’s life expec-
tancy, which is longer for people in excellent health than
for those in poor health, regardless of chronological age.22

Study 2-E (Table 2) exemplifies how considering physio-
logic age instead of chronologic age led one investigator to
lower the inclusion criteria for a study of vulnerable older
people from 65 to 55 years.

Patients’ Preferences for Future Health States

Although patients’ preferences are important throughout all
ages and healthcare choices, they are particularly important
for older adults who seek to maintain their quality of life
despite age-related deterioration. Life expectancy per se
(a simple quantitative estimate of years of life remaining)
does not reflect the value that people would place on the
health states that they could experience in their remaining
years. As a concrete example, prostate cancer screening tri-
alists found that some patients’ values for the adverse
effects of prostate cancer treatment (sexual dysfunction, uri-
nary incontinence, and bowel dysfunction) would decrease
the expectation of life in good health after screening
because screening led to health states that they especially
wanted to avoid.23,24 Health professionals participating in
decision making with older adults and their caregivers must
be sure that the conversation includes feelings about
experiencing present and future health states (Table 3).
Study 2-D in Table 2 illustrates how investigators integrate
patient preferences into an assessment of net benefit from
treatments with agents that have serious adverse effects.

These key considerations—baseline risk, the net benefit
of treatment, competing risks, and patients’ preferences for
present and future health states—taken together with
increasing life expectancy and healthy lifestyles in older
people present funders with substantial opportunities. The
PCORI and other funders can seize these opportunities by
commissioning PCOR and CER that directly inform the
healthcare decisions of older people—especially the rapidly
growing group older than 80 years.25 Accordingly, the
PCORI’s research framework includes a commitment to
involving patients in the design and conduct of research, in
addition to a requirement to test for treatment response
heterogeneity.

Engaging Older Adults and Their Caregivers
Throughout the Research Process

Engaging patients, caregivers, and other interested stake-
holders throughout the research process is a core tenet of
the PCORI’s mission. Stakeholders do drive PCORI-funded

research, from the identification and prioritization of
research topics to the design and conduct of individual
studies. We hope that meaningful stakeholder engagement
in the research process will improve the relevance of
research questions, increase the transparency of the research
process, and accelerate the adoption of research findings
into everyday practice.26 In a recent example, community
members helped ensure broad participation by older adults
in research to determine barriers to help seeking, and these
participants also suggested patient-centered strategies to
overcome these barriers to safely support aging in place.27

The PCORI believes that involving older adults and their
caregivers in every phase of the research process is crucial
to conducting CER that will ultimately lead to healthier
older adults (Table 3). Caregivers and family members are
an important target of PCORI-funded research in their roles
as patient advocates, as support systems, and, at times, as
surrogate decision makers for older adults with cognitive
impairment.8,28

Active and methodical engagement of older adults in
clinical research is especially important because they con-
tinue to be underrepresented in clinical trials despite their
documented interest in participating in research.29 Study
3-A (Table 3) is an example of meaningful engagement in
the PCORI’s portfolio. It compares a novel group exercise
program vs a standard group exercise program on improv-
ing older adults’ function, disability, and walking ability.
Engaging older adults and their providers throughout this
study led to several specific changes: the addition of a new
aim examining the intervention’s sustainability; a modified
randomization scheme that incorporates older adults’ pref-
erences; broadened and more pragmatic inclusion criteria;
and primary outcomes that align with older adults’ wish to
remain independent as they age.30 Study 3-B (Table 3) com-
pares usual care with a “question prompt list” intervention
designed to empower older adult patients to participate
more actively in decision making about high-risk surgery.
This study established a Patient and Family Advisory Coun-
cil that helped identify the research question, develop the
intervention, and identify the most relevant outcomes for
both patients and their family members.31

Choosing Outcomes and Study Design That Meet the
Needs of Older Adults

Older people have several characteristics that can alter the
choice of outcome measures. Their life expectancy is mea-
sured typically in years, not decades. They have seen suffer-
ing as friends and family contend with chronic disease and
with the decline that precedes death. As a result, the first
priority for many is to maintain the highest quality of life
during the years left to them, rather than live for more years
with a lower quality of life. Consequently, primary outcome
measures often include measures of function, such as the
12-item survey of functional health (SF-12), avoidance of
disability, and time spent at home. The PCORI awardees
often relegate to secondary outcomes such end points as
mortality and discrete clinical events, such as major adverse
cardiac events (all-cause mortality, myocardial infarction,
or coronary revascularization). Study 2-G (Table 2) illus-
trates the extensive use of patient-reported outcomes in
older adults recovering from hip fracture.
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Decision aids can facilitate discussions between an
older person and a health professional. The PCORI has a
large portfolio of research whose results will fill evidence
gaps in our knowledge of the effectiveness of decision aids
in promoting decisions that align with how patients value
the outcomes they may experience. These include PCORI-
funded randomized controlled trials in which the
researchers tested the quality of decisions using a decision
aid compared with decisions made without the aid; some of
these studies are specific to decisions made by older people.

As health declines, many older people require help in nav-
igating life because of cognitive, mental, or physical ill health.
Caregivers provide essential support, especially for free-living
older persons. Caregivers are typically relatives, a sibling, or a
child. Learning to become an effective caregiver and to deal
with its emotional stresses can result in better caregiver health,
which can trickle down to the health state of the declining
older person. One PCORI-funded study compared two lead-
ing programs to train caregivers on reducing caregiver burden
and caregiver symptoms of depression.32

CONCLUSION AND FUTURE DIRECTIONS

In this article, we have provided an overview of the PCORI’s
CER portfolio on topics of interest to older adults and the
research and clinical communities that serve them. The
PCORI funds research on the factors that inform decision
making by individual patients, especially expected net benefit,
which varies widely in older adults. We have described the
research considerations that influence net benefit. The PCORI
wants to receive high-quality applications that reflect the needs
and values of older adults. To that end, we have communi-
cated our perspective on CER as applied to older adults.

Finally, we briefly describe how the geriatrics commu-
nity can influence the PCORI’s CER portfolio. Input from a
wide variety of stakeholders, including patients and the
research community, actively advocating for needed
research through the PCORI’s Advisory Panels and acting
as applicants, merit reviewers, and peer reviewers of com-
pleted research, largely determines what we fund. In per-
forming our board-directed theme of patient centeredness,
the PCORI has become a leader in involving stakeholders,
including patients and caregivers, in the research process at
all levels. To continue to shape the PCORI’s funding priori-
ties in geriatrics research will take ongoing, committed
effort by the stakeholder community.

ACKNOWLEDGMENTS

The views presented in this article are solely the responsibil-
ity of the authors and do not necessarily represent the views
of the Patient-Centered Outcomes Research Institute, its
Board of Governors, or its Methodology Committee. We
acknowledge the contribution of Emily Lazowick, MPH, in
preparing the manuscript for publication.

Conflict of Interest: All three authors were employed
by the Patient-Centered Outcomes Research Institute at the
time of authorship.

Author Contributions: All three authors took an active
role in drafting and revising the article.

Sponsor’s Role: A member of the Patient-Centered Out-
comes Research Institute’s (PCORI’s) leadership read the

manuscript and approved it. Dr. Whitlock and Dr. Sox are
employees of the PCORI.

REFERENCES

1. Compilation of Patient Protection and Affordable Care Act § 6301, Public
Law 111-148, 111th Congress. Subtitle D of Title VI. Patient-Centered Out-
comes Research. 2010

2. Institute of Medicine. Knowing What Works in Health Care: A Roadmap
for the Nation. Washington, DC: National Academies Press, 2008.

3. Institute of Medicine. Initial National Priorities for Comparative Effective-
ness Research. Washington, DC: National Academies Press, 2009.

4. Patient-Centered Outcomes Research Institute. Explore our portfolio of
funded projects (online). Available at https://www.pcori.org/research-results?
f%5B0%5D=field_project_type%3A298. Accessed 9 November 2018.

5. Kent DM, Hayward RA. Limitations of applying summary results of clinical
trials to individual patients. JAMA 2007;298:1209–1212.

6. Manemann SM, Chamberlain AM, Roger VL et al. Multimorbidity and
functional limitation in individuals with heart failure: A prospective commu-
nity study. J Am Geriatr Soc 2018;66:1101–1107.

7. Segal JB, Weiss C, Varadhan R. Understanding heterogeneity of treatment
effects in pragmatic trials with an example of a large, simple trial of a drug
treatment for osteoporosis (online). 2011. Available at http://www.cmtpnet.
org/docs/resources/Segal-Heterogeneity-in-Pragmatic-Trials.pdf. Accessed 9
November 2018.

8. Scott IA, Guyatt GH. Cautionary tales in the interpretation of clinical studies
involving older persons. Arch Intern Med 2010;170:587–595.

9. U.S. Preventive Services Task Force. Statin use for the primary prevention of
cardiovascular disease in adults: U.S. Preventive Services Task Force recom-
mendation statement. JAMA 2016;316:1997–2007.

10. Goff DC, Lloyd-Jones DM, Bennett G et al. ACC/AHA guideline on the
assessment of cardiovascular risk: a report of the American College of Cardi-
ology/American Heart Association Task Force on Practice Guidelines. Circu-
lation 2014 2013;129:S49–S73.

11. Kent DM, Rothwell PM, Ioannidis JP et al. Assessing and reporting hetero-
geneity in treatment effects in clinical trials: a proposal. Trials 2010;11.

12. Pocock SJ, Lubsen J. More on subgroup analyses in clinical trials. N Engl J
Med 2008;358:2076–2077.

13. Wang R, Lagakos SW, Ware JH et al. Statistics in medicine: reporting of
subgroup analyses in clinical trials. N Engl J Med 2007;357:2189–2194.

14. Kent DM, Nelson J, Dahabreh IJ et al. Risk and treatment effect heterogene-
ity: re-analysis of individual participant data from 32 large clinical trials. Int
J Epidemiol 2016;45:2075–2088.

15. Graham MM, Ghali WA, Faris PD et al. Survival after coronary revasculari-
zation in the elderly. Circulation 2002;105:2378–2384.

16. Stam-Slob MC, Visseren FLJ, Jukema JW et al. Personalized absolute benefit
of statin treatment for primary or secondary prevention of vascular disease
in individual elderly patients. Clin Res Cardiol 2017;106:58–68.

17. Whitlock EP, Williams SB, Burda BU et al. U.S. preventive services task force
evidence syntheses, formerly systematic evidence reviews. Aspirin Use in
Adults: Cancer, All-Cause Mortality, and Harms: A Systematic Evidence
Review for the U.S. Preventive Services Task Force. Rockville, MD: Agency
for Healthcare Research and Quality, 2015.

18. Bibbins-Domingo K, on behalf of the U.S. Preventive Services Task Force.
Aspirin use for the primary prevention of cardiovascular disease and colorec-
tal cancer: U.S. Preventive Services Task Force recommendation statement.
Ann Int Med 2016;164:836–845.

19. Kyle UG, Genton L, Hans D et al. Total body mass, fat mass, fat-free mass,
and skeletal muscle in older people: cross-sectional differences in 60-year-old
persons. J Am Geriatr Soc 2001;49:1633–1640.

20. Schoeller DA. Changes in total body water with age. Am J Clin Nutr 1989;
50:1176–1181.

21. Arias E. United States Life Tables, 2008. Atlanta, GA: Centers for Disease
Control and Prevention; 2012

22. Welch HG, Albertsen PC, Nease RF et al. Estimating treatment benefits for
the elderly: the effect of competing risks. Ann Int Med 1996;124:577–584.

23. Heijnsdijk EA, Wever EM, Auvinen A et al. Quality-of-life effects of
prostate-specific antigen screening. N Engl J Med 2012;367:595–605.

24. Sox HC. Quality of life and guidelines for PSA screening. N Engl J Med
2012;367:669–671.

25. Jacobsen LA, Kent M, Lee M et al. America’s Aging Population. Population
Reference Bureau, Washington, DC., USA, 2011.

26. Concannon TW, Fuster M, Saunders T et al. A systematic review of stake-
holder engagement in comparative effectiveness and patient-centered out-
comes research. J Gen Intern Med 2014;29:1692–1701.

JAGS MONTH 2019–VOL. 00, NO. 00 PCORI’S APPROACH TO CER ABOUT OLDER ADULTS 746

https://www.pcori.org/research-results?f%5B0%5D=field_project_type%3A298
https://www.pcori.org/research-results?f%5B0%5D=field_project_type%3A298
http://www.cmtpnet.org/docs/resources/Segal-Heterogeneity-in-Pragmatic-Trials.pdf
http://www.cmtpnet.org/docs/resources/Segal-Heterogeneity-in-Pragmatic-Trials.pdf


27. Lindquist LA, Ramirez-Zohfeld V, Forcucci C et al. Overcoming reluctance
to accept home-based support from an older adult perspective. J Am Geriatr
Soc 2018;66:1796–1799.

28. Walter LC, Covinsky KE. Cancer screening in elderly patients: A framework
for individualized decision making. JAMA 2001;285:2750–2756.

29. Townsley CA, Chan KK, Pond GR et al. Understanding the attitudes of the
elderly towards enrolment into cancer clinical trials. BMC Cancer 2006;
6:34.

30. Brach JS, Perera S, Gilmore S et al. Stakeholder involvement in the design of
a patient-centered comparative effectiveness trial of the "On the Move"
group exercise program in community-dwelling older adults. Contemp Clin
Trials 2016;50:135–142.

31. Steffens NM, Tucholka JL, Nabozny MJ et al. Engaging patients, health care
professionals, and community members to improve preoperative decision mak-
ing for older adults facing high-risk surgery. JAMA Surg 2016;151:938–945.

32. Luchsinger JA, Burgio L, Mittelman M et al. Northern Manhattan Hispanic
Caregiver Intervention Effectiveness Study: protocol of a pragmatic rando-
mised trial comparing the effectiveness of two established interventions for
informal caregivers of persons with dementia. BMJ Open 2016;6.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article.

Appendix Table 1. The PCORI’s Geriatrics Portfolio by Pri-
mary Disease/Condition.

8 MASON ET AL. MONTH 2019–VOL. 00, NO. 00 JAGS47



REVIEW ARTICLE

Pharmacotherapy in Older Adults with Cardiovascular Disease:
Report from an American College of Cardiology, American
Geriatrics Society, and National Institute on Aging Workshop
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Laura Downey, DVM, MSM,‡‡‡§§§ and Michael W. Rich, MD¶¶¶

OBJECTIVES: To identify the top priority areas for
research to optimize pharmacotherapy in older adults with
cardiovascular disease (CVD).
DESIGN: Consensus meeting.
SETTING: Multidisciplinary workshop supported by the
National Institute on Aging, the American College of Cardiol-
ogy, and the American Geriatrics Society, February 6–7, 2017.

PARTICIPANTS: Leaders in the Cardiology and Geriatrics
communities, (officers in professional societies, journal editors,
clinical trialists, Division chiefs), representatives from the NIA;
National Heart, Lung, and Blood Institute; Food and Drug
Administration; Centers for Medicare and Medicaid Services,
Alliance for Academic Internal Medicine, Patient-Centered
Outcomes Research Institute, Agency for Healthcare Research
and Quality, pharmaceutical industry, and trainees and early
career faculty with interests in geriatric cardiology.
MEASUREMENTS: Summary of workshop proceedings
and recommendations.
RESULTS: To better align older adults’ healthcare prefer-
ences with their care, research is needed to improve skills in
patient engagement and communication. Similarly, to coor-
dinate and meet the needs of older adults with multiple
comorbidities encountering multiple healthcare providers
and systems, systems and disciplines must be integrated.
The lack of data from efficacy trials of CVD medications
relevant to the majority of older adults creates uncertainty
in determining the risks and benefits of many CVD thera-
pies; thus, developing evidence-based guidelines for older
adults with CVD is a top research priority. Polypharmacy
and medication nonadherence lead to poor outcomes in
older people, making research on appropriate prescribing
and deprescribing to reduce polypharmacy and methods to
improve adherence to beneficial therapies a priority.
CONCLUSION: The needs and circumstances of older
adults with CVD differ from those that the current medical
system has been designed to meet. Optimizing pharmaco-
therapy in older adults will require new data from tradi-
tional and pragmatic research to determine optimal CVD
therapy, reduce polypharmacy, increase adherence, and
meet person-centered goals. Better integration of the multi-
ple systems and disciplines involved in the care of older
adults will be essential to implement and disseminate best
practices. J Am Geriatr Soc 00:1–10, 2018.
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The pathogenesis and incidence of cardiovascular dis-
ease (CVD) are mechanistically linked to aging and to

exposure to conventional cardiovascular disease risk
factors.1–3 A high prevalence of coronary heart disease,
heart failure, valvular heart disease, arrhythmias, peripheral
arterial disease, and other CVD processes will inevitably
burden the expanding population of older adults, but multi-
ple comorbid conditions and common geriatric syndromes
that fundamentally alter the risk:benefit relationship for
virtually all diagnostic procedures and therapeutic interven-
tions, including medications proven to be effective in youn-
ger, healthier individuals, often complicate caring for older
adults with CVD. The multiple healthcare providers
involved in managing older adults with multiple conditions
further complicates care. Optimal person-centered care for
the growing population of older adults thus demands that
these multiple complex interactions be better delineated and
more fully integrated into routine clinical decision-making
and drug prescribing for older adults with CVD.4

These issues were the impetus for a series of workshops
supported by the National Institute on Aging (NIA), the
American College of Cardiology (ACC), and the American
Geriatrics Society (AGS) to identify critical knowledge gaps
and research priorities for optimizing person-centered care
and outcomes for older adults with CVD. The first work-
shop, in 2015, focused on multimorbidity in older adults
with CVD and identified challenges to and opportunities
for advancing principles of multimorbidity, identified
research opportunities and resources for integration of mul-
timorbidity into research and clinical care, and identified
targets such as practice guidelines and methods to assess
and record people’s goals and priorities as part of a para-
digm shift from disease-focused to person-centered care. A
product of the conference was a comprehensive state-of-the-
art review on multimorbidity in older adults with CVD
targeted to the cardiology community.5 The workshop also
stimulated conceptualization of a rationale and vision for
geriatric cardiology that would infuse cardiology practice
with expanded proficiencies in diagnosis, risks, care coordi-
nation, communications, end-of-life, and other competen-
cies required to best manage older adults with CVD. 6

The secondworkshop, “Pharmacotherapy inOlder Adults
with CVD,”, took place February 6 to 7, 2017, inWashington,
District of Columbia. The main objective was to identify
knowledge gaps and research priorities for optimizing pharma-
cotherapy in older adults with CVD within the areas of poly-
pharmacy, adverse drug effects (ADEs), medication adherence,
aligning therapy with individuals’ goals, and novel approaches
to drug prescribing. Drs. Joseph Hanlon, Kenneth Schmader,
and Janice Schwartz co-chaired the workshop. Attendees
included leaders from the cardiology and geriatrics communi-
ties (officers in professional societies, journal editors, clinical
trialists, prominent division chiefs) and representatives from the
NIA; National Heart, Lung, and Blood Institute; Food and

Drug Administration (FDA); Centers for Medicare and Medic-
aid Services, Alliance for Academic Internal Medicine, Patient-
Centered Outcomes Research Institute (PCORI), Agency for
Healthcare Research and Quality, pharmaceutical companies,
and selected trainees and junior faculty with interests in geriat-
ric cardiology. This article briefly summarizes the conference
proceedings, highlighting challenges to optimal outcomes of
medical management related to knowledge gaps, too much
medication (age-related changes in medication pharmacokinet-
ics (PK) and pharmacodynamics (PD), multimorbidity, poly-
pharmacy, ADEs), and too little medication (adherence,
underprescribing). A discussion of the top priorities for research
that workshop participants identified follows. Supplementary
Appendix S1 details the topics and speakers, and the presenta-
tions are available at https://www.acc.org/membership/
sections-and-councils/geriatric-cardiology-section/section-initia
tives/workshops.

CVD PREVALENCE AND MEDICATION USAGE

CVD is the leading cause of death, a major cause of func-
tional impairment and loss of independence, and the most
common disease in older people in the United States. Preva-
lence of CVD, including hypertension, coronary heart dis-
ease, heart failure, and stroke, is 65% to 70% in persons
aged 60 to 79 and 79% to 86% in those aged 80 and
older.7 Because of the high burden of CVD in older adults,
cardiovascular drugs are the most commonly used thera-
peutic classes of drugs in older adults. In the National
Social Life, Health and Aging Project home medication sur-
vey, 15 of the top 20 most frequently used medications in
older adults were cardiovascular drugs. Estimated preva-
lence of 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase
inhibitor use (statins) was 50.1%, of antiplatelet agents was
43.0%, of angiotensin converting enzyme inhibitors was
30.4%, of diuretics was 29.5%, of angiotensin II receptor
blockings was 13.2%, of antihypertensive combinations
was 12.4%, of calcium channel blockers was 10.5%, and
of vitamin K antagonists was 6.4%.8 The high rate of car-
diovascular medication use also reflects benefits that
research has demonstrated of pharmacological treatment of
hypertension to reduce strokes and cardiac events, choles-
terol reduction to prevent initial and recurrent coronary
events and strokes, anticoagulation to prevent strokes in
individuals with atrial fibrillation or mitral valve disease,
renin-aldosterone system inhibition to reduce morbidity and
mortality in individuals with reduced ejection fraction heart
failure, aspirin to reduce myocardial infarctions, and anti-
platelet drugs to reduce cardiac events after interventional
revascularization procedures. Nevertheless, as noted previ-
ously, the applicability of the results of these studies to
older adults with multiple chronic conditions, variable
social circumstances, and highly individualized healthcare
goals is largely unknown. Furthermore, age-related changes
in organ function, PK, and PD fundamentally alter the bal-
ance between benefits and risks of drug therapy.

CHALLENGES TO OPTIMAL OUTCOMES AND
MEDICATION MANAGEMENT

Benefitting from pharmacotherapy requires selecting the
right medication at the right dose administered to the right
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person at the right time for the right duration (5 R’s of geri-
atric drug prescribing). To achieve this requires consider-
ation of each medication in the holistic context of each
person’s psychosocial and healthcare milieu, with an under-
standing of and appreciation for the inherent effects of
aging on organ function and drug metabolism.

Aging changes the PK and PD of medications.9–11 Phar-
macokinetic changes include reduction in renal and hepatic
clearance and greater body fat, which lead to altered distri-
bution, metabolism, and elimination of drugs, which
increases the risk of ADEs in older adults, including cogni-
tive impairment and falls. Age-related pharmacodynamic
changes include altered end-organ responsiveness to drugs
and reduced cardiac and baroreflex responses.1–3 The
FDA12 and International Committee on Harmonization13

recognized the need to consider potential age-related
changes in PK and PD during drug development, but it is
not required for premarketing drug evaluation or postmar-
keting surveillance. Large randomized double-blind studies
to reduce cardiovascular morbidity and mortality have gen-
erally excluded very elderly adults (≥75) and older adults
with multiple comorbid conditions or frailty and have
enrolled fewer women than men and more Caucasians than
other races.14 The result is that clinicians often prescribe
CVD drugs based on guidelines with limited information on
benefits and risks in individuals routinely seen in clinical
care (aged ≥75, with multimorbidity, women, functionally
impaired or frail older persons). Current guidelines also
assume that long-term use of cardiovascular drugs entails
benefits and risks that remain constant over time. Current
knowledge of and implementation gaps for CVD pharma-
cotherapy in older populations are summarized in Table 1.

Factors Resulting in Too Much Medication

CVD does not usually exist in isolation in older adults, the
majority of whom have multiple comorbid conditions.5,15,16

Multimorbidity leads to co-administration of multiple medi-
cations, and older adults often take vitamins and dietary sup-
plements with pharmacological effects.17,18 Polypharmacy is
the term often used to describe use of multiple concomitant
medications. Polypharmacy has varying definitions, but many
define it as 5 or more co-administered drugs because there is
a steep rise in the number of potential drug–drug interactions
when 5 or more drugs are co-administered. Polypharmacy
has increased dramatically in the U.S. older population—from
24% in 2000 to 39% in 2012. 19 The number of co-
administered drugs has consistently been shown to be the
strongest predictor of prescribing problems.20–24 A phenome-
non leading to an increase in medications in older adults has
been termed the “prescribing cascade,” which begins when
an ADE caused by 1 medication is treated as a new condi-
tion, leading to another medication (e.g., hypertension due to
a nonsteroidal antiinflammatory drug (NSAID) leading to
prescription of an antihypertensive agent), an over-the-
counter drug (e.g., acetaminophen or NSAID for statin myal-
gias), or a recommendation for a medical device to treat the
initial ADE (e.g., pacemaker insertion for bradycardia related
to cholinesterase inhibitor).25,26 Drug–disease interactions
(e.g., NSAID-induced worsening of heart failure) that might
not be appreciated and shifting goals of care arising from the
burden of increasing comorbidity and declining functional

status further compound problems with polypharmacy, multi-
morbidity, and age-related changes in PK and PD.27,28

Deprescribing is defined as the process of stopping a
medicine or reducing its dose to remedy polypharmacy,
minimize risk of ADEs, and improve outcomes.29,30 Initial
targets for deprescribing to reduce ADEs nationally and
internationally have largely focused on reducing use of sin-
gle medications or classes of medications with the highest
risk profiles in older adults, such as opioids, sedative
hypnotics, and atypical antipsychotics31 (e.g., Canadian
Deprescribing Network, https://desprescribing.org/caden;
Australian Deprescribing Network, http://w11.zetaboards.
com/ADeN/index/), and have not targeted cardiovascular
medications. Experience with deprescribing in older adults
with CVD in the United States is limited. Recently, an
expert panel developed criteria to define potentially
unnecessary polypharmacy in individuals with limited life
expectancy,32 with the hope that eliminating some medica-
tions would improve care and quality of life. One random-
ized trial of statin discontinuation in individuals enrolled in
palliative care programs demonstrated feasibility and partic-
ipant and caregiver acceptance.33

Knowledge and Implementation Gaps for
Interventions to Reduce ADEs

• Best and most efficient methods for detection and pre-
vention of ADEs

• Prioritization of efforts to reduce ADEs
• Funding for drug safety research, education and dis-

semination, and implementation efforts

Factors Resulting in Too Little Medication

Medication adherence is required to achieve benefits of
pharmacotherapy. The International Society for Pharma-
coeconomic and Outcomes Research has standard terms to
describe adherence: primary adherence (filling an initial pre-
scription for a new medication), adherence persistence, and
overadherence.34,35 The principal methods for measuring
adherence include self-report, pill counts, pharmacy refills,
and electronic monitoring. Primary nonadherence is as high
as 30% in primary care settings.36 Nonadherence for
chronic cardiac conditions increases over time and is as
high as 60% by 3 years.37,38 Nonadherence has been asso-
ciated with poor quality of life, high medical costs, and
mortality.39,40 Older age is not a universally accepted inde-
pendent risk factor for nonadherence, but factors that may
affect adherence in older adults include sensory loss, dys-
phagia, physical or cognitive impairment, attitudes or
beliefs about medications, and regimen cost or complexity.
Data are sparse on accurate measurement of adherence in
older adults with CVD and multiple chronic conditions.

Adherence interventions tested in heterogeneous popula-
tions have included patient and caregiver education; enhanced
communication with patients, caregivers, and providers; elec-
tronic monitoring and reminders; telephone reminders;
lottery-based rewards; and multidisciplinary team monitor-
ing.41 The more complex and multidimensional interventions
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tend to meet with more success.42,43 A recent nationwide ran-
domized trial in individuals with myocardial infarction that
incorporated electronic pill bottles, lottery incentives, and
social support without direct involvement of physicians or
pharmacists did not improve medication adherence or reduce
cardio vascular readmissions or costs.44 In general, studies of
adherence interventions in older adults have yielded mixed
results, with some showing favorable effects on adherence
rates and outcomes, some showing greater adherence rates
with no effect on outcomes, and some showing no apparent
benefit in adherence or outcomes.45 Individuals with multiple
chronic conditions are the least likely to show improvement
despite multifaceted interventions.41 In contrast, there is
moderate-strength evidence that policy interventions that
lower out-of-pocket expenses reduce but do not eliminate
nonadherence to cardiovascular medications.41 There is little
information on behavioral or motivational aspects of adher-
ence specific to older adults that recognize that they may

place greater value on quality of life, ability to function inde-
pendently, and avoidance of ADEs than on delayed potential
benefits.

Knowledge and Implementation Gaps for
Optimizing Adherence in Older Adults

• Best and most efficient methods for detection of
nonadherence

• Best and most efficient methods for individualized
multidimensional approaches to improve adherence
to person-centered therapies (healthcare teams, indi-
vidual and caregiver education and support,
technology-based platforms)

• How to incorporate successful techniques into clinical
care (implementation into systems, overcome financial
and efficiency obstacles)

Table 1. Research Knowledge and Implementation Gaps and Top Priorities for Research

Knowledge and Implementation Gaps Top Research Priorities

Benefits of Cardiovascular Pharmacotherapy in Older Populations
• Pharmacokinetic and pharmacodynamic data for dosing of effective

CVD therapies
• Efficacy trials in elderly adults reflective of entire population
• Data to determine appropriateness of use or underuse of

cardiovascular drugs in multimorbid, frail, and very old adults

• Develop medication guidelines for older adults with CVD
and multiple chronic conditions based on:
a. Trial data (current and new), when available
b. Consensus in absence of trial data

• Determine best methods for dissemination and
implementation of best prescribing and monitoring practices

Aligning prescribing with person-centered goals
• Assessment of individual goals in older adults with CVD
• Assess patient priorities related to health care
• Patient perceived tradeoff of benefit vs risk regarding CVD therapy

• Develop training for goals-of-care communication skills
• Develop and validate tools to determine patient

preferences
Interventions to reduce ADEs from CVD pharmacotherapy
• Best, most efficient methods for detection and prevention of ADEs
• Prioritization of efforts to reduce ADEs
• Funding for research, education and dissemination, and

implementation efforts

• Perform clinical trials of deprescribing in patient subsets
and medication classes (define benefits and potential
harms; time to benefit or harm; behavioral,
communication, and implementation methods)

• Comparison of nonpharmacological strategies and
pharmacological interventions

Optimizing adherence in older adults with CVD
• Best, most efficient methods for detection of cardiovascular drug

nonadherence
• Best, most efficient methods for individualized multidimensional

approaches to improve adherence to person-centered therapies
for CVD

• Incorporation of above techniques into clinical care
• Interventions to improve adherence to appropriate cardiovascular

medications in elderly adults

• Develop accurate, efficient methods to measure
adherence

• Determine underlying factors responsible for
nonadherence

• Determine best methods to optimize adherence

Approaches to care in older adults with CVD
• Dosing models that include a broad range of personalization factors
• Cognitive and interventional studies to learn how to best incorporate

elements of precision medicine in routine clinical care of older
adults with CVD

• Evaluation of new technologies such as telemedicine to improve
CVD pharmacotherapy in older adults

• Effectiveness, cost-effectiveness, and implementation and
integration of multidimensional and interdisciplinary care models to
improve CVD pharmacotherapy in routine care

• Practical methods to integrate health care, provide universal access
to healthcare information and coordination of care programs

• Develop standardized medical review and management
tools that can be individualized for individual
characteristics and preferences

• Develop methods to improve communication
interoperability between electronic health record systems,
prescribers, and pharmacies and between all systems to
the point of care

• Develop methods to achieve person-centered CVD care
for older adults that involves multidisciplinary collaboration

ADE = adverse drug effect; CVD = cardiovascular disease.
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Underprescribing
Medications may also be underprescribed for older adults.
Medication underuse, defined as the omission of poten-
tially beneficial cardiovascular medication therapy or inad-
equate dose or duration, has been demonstrated for aspirin
and beta-blockers after myocardial infarction, antihyper-
tensive therapy for hypertension, angiotensin-converting
enzyme inhibitors in heart failure, and anticoagulation to
prevent strokes in individuals with atrial fibrillation,46–49

but data are sparse on the effect of medication underuse
on clinical outcomes.50 A recent prospective population-
based cohort study that assessed the prevalence, determi-
nants, and outcomes of medication underuse based on the
Screening Tool to Alert to Right Treatment (START)51

found no association between medication underuse and
cardiovascular events (fatal and nonfatal) but found a sig-
nificant association between medication underuse and
competing deaths from noncardiovascular causes.52 Stud-
ies of outcomes in relation to “potential” undertreatment
in older populations that have been underrepresented in
CVD trials are needed.

Patient Engagement and Shared Decision-Making

Older adults with CVD may have goals that are different
from outcomes measured in clinical trials of CVD thera-
pies in younger adults. Concerns of older adults with
CVD, especially those with multiple chronic conditions,
tend to be about preservation of quality of life, daily func-
tion, and maintenance of independence and less about
extension of life.53 Most cardiology practitioners were not
trained in the current era of person-centered care or in pre-
paring for difficult medical decisions in advance of acute
events. A special issue of Health Affairs in February 2013
reviewed emerging evidence suggesting that patient
engagement and shared decision-making can help achieve
goals of better quality of care, greater cost efficiency, and
better population health, although the evidence base for
improvement is limited, and even fewer data are available
for what does and does not work in promoting patient
engagement. It is likely that successful approaches to
patient, family, and caregiver engagement will differ sub-
stantially between groups and individuals. Tools to assess
a person’s capacity for engagement will be critical, as well
as tools for evaluating patient or caregiver preferences for
level of engagement. Research should apply behavioral
economic analyses to the supply (prescriber) and demand
(consumer) sides of pharmaceuticals. Training will be
needed for tools such as the Open Communication
intervention,54 which is being tested on a wide scale, and
healthcare systems will need to promote patient engage-
ment and provide the time and means to achieve
it. Barriers to shared decision-making include overworked
physicians, insufficient provider training, and clinical
information systems incapable of prompting or tracking
patients through the decision-making process.55 Methods
to improve shared decision-making included using auto-
matic triggers for the distribution of decision aids and
engaging team members other than physicians in the pro-
cess. Substantial investments in provider training, informa-
tion systems, and process reengineering may be necessary
to implement shared decision-making successfully.55

Evolving Technologies and Models of Healthcare

Precision Medicine
Numerous academic medical centers and integrated health sys-
tems are evaluating implementation of precisionmedicine, often
focusing on individualized dosing algorithms incorporating
renal and hepatic drug clearance estimates, as well as consider-
ations of drug interactions to provide person-specific informa-
tion at the point of care.56 For example, inpatient clinical
decision support for geriatric prescribing has been associated
with fewer falls in the hospital.57 Pharmacogenomic clinical
decision support pharmacogenomics to conventional drug
selection and dosing models and has been used for tailoring
warfarin and clopidogrel therapy in younger individuals,58–60

with improved ischemic and bleeding outcomes,61,62 but there
has been limited evaluation of outcomes based on pharmacoge-
nomics in older adults with CVD.63

Electronic tools that can be used for medication moni-
toring are rapidly being developed using digital technology.
Passive devices that collect information without patient
involvement are becoming more feasible and reliable. Elec-
tronic devices currently on the market include smart caps
and organizer boxes, some of which collect data and upload
it, and smart bottles, which measure capacitance or drug
weight. Challenges with these devices involve reliability, cost,
ease of use, and need for programming. As research tools,
adherence monitoring devices can provide more reliable data
on adherence and dosing. Reminder applications are low
cost and simple to use but are not linked to specific medica-
tions and thus rely on active participation by the patient.
Patient acceptance, burden, and privacy concerns are addi-
tional challenges. A combination of ingestible event marker
sensors embedded into orally administered tablets has also
recently entered the market but has limited applications at
this time. Technologies that offer speech-level interactions
with consumers are on the horizon.

Telemedicine provides an opportunity to integrate tech-
nology with relationship-building and team care to optimize
pharmacotherapy and reach patients with mobility and
transportation challenges. For example, the U.S. Department
of Veterans Affairs telemedicine project, Geriatric Research,
Education, and Clinical Center Connect, uses existing infra-
structure and a geriatrics multidisciplinary approach to
address appropriate prescribing, deprescribing, and poly-
pharmacy. The potential effect of telemedicine on cardiovas-
cular pharmacotherapy in older adults with CVD is
unknown, and challenges to its use include reimbursement
barriers, lack of standardized and integrated infrastructure,
lack of reliable technology, and sustainability.

Models of Care
Innovative models of care may maximize benefit and mini-
mize harms of pharmacotherapy in older adults with
CVD.50 In the outpatient setting, where primary care physi-
cians treat many older adults with CVD, one site participat-
ing in the Million Hearts Initiative, a federally sponsored
nationwide randomized controlled trial (http://million
hearts.hhs.gov/), is using shared medical appointments to
discuss health habits, medications, and how they affect
CVD risk. Participants are informed of their Atherosclerotic
Cardiovascular Disease score (http://tools.acc.org/ASCVD-
Risk-Estimator-Plus/#!/calculate/estimate/), participate in
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individualized shared decision-making, and jointly plan
follow-through with the primary care team. In models that
included pharmacist-led interventions in hospital, hospital-
to-home, outpatient, and community settings, often involv-
ing CVD drugs, ADEs were reduced by 35% in older
adults.64 In an early seminal study, a nurse-directed, multi-
disciplinary model of care improved quality of life,
increased medication adherence, and reduced hospital use
and medical costs for elderly adults with congestive heart
failure.65,66 The effect of better care coordination in
improving CVD prescribing, care, and outcomes has been
demonstrated in fully integrated healthcare systems but
remains a challenge in the absence of a fully integrated
health system or universal medical record access.

Knowledge and Implementation Gaps for Newer
Approaches to Care in Older Adults with CVD

• Dosing models that include a broad range of person-
alization factors

• Cognitive and interventional studies to learn how best
to incorporate elements of precision medicine in rou-
tine clinical care

• Evaluation of new technologies such as telemedicine
and wearable devices to improve CVD therapy in
older adults

• Effectiveness, cost-effectiveness, implementation, and
integration of multidimensional and interdisciplinary
care models in routine care

• Practical methods to integrate health care services,
provide universal access to healthcare information,
and optimize coordination of care programs

RESEARCH DISCUSSION AND KEY
RECOMMENDATIONS

Workshop attendees were asked to identify the top research
priorities for addressing challenges related to aligning medi-
cation prescribing with person-centered treatment goals in
older adults with CVD, including tools that are needed to
implement patient-aligned drug prescribing in clinical prac-
tice; polypharmacy and overuse of medications in older
adults with CVD; medication adherence in older adults with
CVD; and redesigning drug therapy using novel approaches
to prescribing and monitoring in older adults with CVD.
The top research priorities for pharmacotherapy in older
adults with CVD are presented in Table 1. Discussion of
the top research priorities according to theme follows.

Aligning Medication Prescribing with Person-Centered
Treatment Goals

Aligning medications with person-centered goals is the
foundation of optimal drug prescribing in older adults. To
operationalize person-centered care, it is necessary to
develop training for healthcare providers for goals-of-care
discussions. Development and validation of tools to deter-
mine patient preferences and to involve caregivers in
decision-making and monitoring are needed. Tools and

decision aids for discussing risks and benefits of CVD drugs
with patients (incorporating patient preferences) need to be
developed and tested with meaningful engagement of
patients and families. These discussions and decision-
making processes must incorporate patient representatives
and take advantage of the skills of specialties and entities
committed to person-centered care, including primary care
providers, nurses, pharmacists, large pharmacy benefits
plans, palliative care, public policymakers, and healthcare
administration.

Polypharmacy and Overuse of Medications in Older
Adults with CVD

Guidelines for Optimal Prescribing

There is a need to develop medication guidelines for com-
mon comorbid conditions that include appropriateness and
inappropriateness of prescribing. The guidelines should be
based on data from high-quality research studies and inter-
ventions. It will be necessary to use traditional (randomized
double-blind placebo-controlled trials, cohort studies, regis-
tries) and nontraditional study designs (adaptive and prag-
matic trials, “big data”) to generate the requisite data. It is
also imperative that study outcomes include those relevant
to older people, such as quality of life, physical and cogni-
tive function in daily activities, and incidence of common
side effects that may limit quality of life. Trials should
enroll older adults with CVD and other chronic conditions
that commonly occur in combination with CVD and not
focus on the less common older adult with few or no
comorbid conditions. Analysis and presentation of guide-
lines should consider the time to benefit and time to harm
of therapy with respect to physical and psychosocial func-
tion and quality of life in addition to cardiovascular disease
morbidity and mortality. Assessment of time to harm versus
time to benefit is particularly germane to older adults,
because medication ADEs often occur early in the course of
therapy (e.g., statin myalgias), whereas potential benefits
are often delayed, sometimes for many years. To achieve
these goals, patients and caregivers should be included on
trial design advisory committees (as PCORI and other orga-
nizations advocate), data safety and monitoring boards,
and ultimately, guideline committees.

Deprescribing and Potential for Decreasing Medication
Overuse and ADEs

Deprescribing has been suggested as an approach to address
polypharmacy and ADEs in elderly adults, and research in
the area of deprescribing was ranked as high priority. Bar-
riers to widespread application of CVD deprescribing include
lack of data on the appropriate duration of cardiovascular
pharmacotherapy, including time to benefit and time to
harm, and on the effectiveness of cardiovascular medications
in older adults with multimorbidity. In addition, clinicians
are not well trained in shared decision-making to incorporate
patients’ goals of care and functional status when consider-
ing complex cardiovascular medication regimens.67–69

Deprescribing trials are needed in multiple care settings,
in diverse patient subsets to identify those most likely to
benefit, and across the range of CVD medication classes.
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Initial targets should be individuals aged 75 and older with
CVD and trials could include patient-activated strategies.
Important components would include determining barriers
to implementation of deprescribing and optimal strategies
to incorporate patient goals and preferences, as well as
methods for monitoring and evaluating adverse withdrawal
events and therapeutic failures with deprescribing. A by-
product of this conference and one of the first steps to stim-
ulate more work in this area is the recently announced NIA
funding opportunity to create a collaborative network to
advance deprescribing research for older adults with multi-
ple chronic conditions (https://grants.nih.gov/grants/guide/
rfa-files/RFA-AG-19-005.html).

Although dietary and exercise interventions as alterna-
tives to or in conjunction with drug therapy are underrepre-
sented in the literature on treatment of CVD in elderly
adults, they may provide benefits affecting other conditions
than CVD. Comparisons of nonpharmacological and phar-
macological interventions for common types of CVD in
older persons should also be a high priority as a way to
decrease the number of medications prescribed.

Once sufficient data have accumulated, studies are
needed to develop, test, and identify the most effective
methods of dissemination and implementation of best pre-
scribing practices. To facilitate implementation, it will be
necessary to develop standardized medication review and
management tools to assess the status of therapy. This will
require enhanced communication and interoperability
between electronic health record (EHR) systems and
between EHR systems and community pharmacies, as well
as development of systems to facilitate instant, integrated,
efficient communication between systems and between
healthcare providers at the point of care. To engage patients
in the implementation process, it is critical that communica-
tion tools be developed that can be customized to individual
characteristics and incorporate individual preferences.

Medication Adherence in Older Adults with CVD

Accurate methods for measuring adherence in older adults
are needed. Electronic prescribing has brought new oppor-
tunities and challenges. Methods will need to involve merg-
ing multiple sources of data from pharmacies, medical
records in hospitals and clinics, and patients and caregivers.
It is also necessary to determine ways to incorporate adher-
ence measures into clinical care and the EHR.

Once adherence can be accurately assessed, nonadherence
can also be identified, and it will be essential to develop
methods to determine underlying reasons for nonadherence in
older adults and to predict nonadherence. Behavioral drivers
need to be determined, and strategies for behavioral change in
older patents need to be evaluated. Incentives individualized
for patients, clinicians, and healthcare systems should be con-
sidered. A priority should be determining the most effective
and cost-effective methods and technologies to improve adher-
ence. This will need to be determined for specific patient
groups (disease, sex, race, health literacy), for specific care set-
tings, and during care transitions. It will also be important to
explore factors related to medication packaging, instructional
content and method of messaging and delivery, person(s) pro-
viding instructional content, recipient of the education
(patient, caregiver), and patient preferences for learning and

medication management. In other words, adherence interven-
tions must be person-specific, recognizing patients’ needs, cul-
tural backgrounds, and varying circumstances; healthcare
professional, patient, and caregiver collaboration is essential;
and time and reimbursement are needed for these efforts.

Redesigning Drug Therapy Using Novel Approaches to
Drug Prescribing and Monitoring

The medical care system in the United States is undergo-
ing change that could promote better CVD medication
therapy in elderly adults. Most hospitals and healthcare
systems have adopted patient-focused telemedicine,
whereas telehealth that focuses on populations has been
less uniformly adopted. These systems are neither stan-
dardized across domains within a system nor integrated
across systems and do not use standard platforms. Major
needs are coordination of care within and between health-
care sites and caregivers and development of tools (tech-
nological, paper, social networks) to facilitate
communication and medication prescribing, review, and
monitoring. Components for investigation include “medi-
cal homes” with clear designation of primary prescribers,
provision of point-of-care real-time digital data, including
pharmacogenomic information (drug clearance, risk
related), over-the-counter medications and dietary supple-
ments, care goals, and physical function and cognitive sta-
tus to guide medication prescribing and evaluation.
Efficient, easy-to-use interfaces for data need to be cre-
ated. Care teams for follow-up and patient education that
incorporate nurses, pharmacists, medical assistants, and
peer groups, including healthcare navigators, should be
evaluated. A largely unexplored area in this age group is
the potential role for social media and digital medicine
(e.g., cellphone or computer applications, wearable
devices) in monitoring medication effects and improving
medication use. For digital medicine to be used in many
older persons, strategies to address health and computer
literacy will be needed, along with device adaptations to
accommodate age-related limitations related to arthritis,
vision loss, decreased hearing, and mobility as well as
lack of universal internet or computer accessibility.

SUMMARY

Drug prescribing in older adults with CVD is complex
(Figure 1). Optimal prescribing requires an approach that
addresses the whole person. Older adults with CVD often
have multiple medical conditions, and treatment risks and
benefits must be balanced across multiple diseases. The
medication regimen and potential treatment benefits should
be considered in the context of the person’s life expectancy
and healthcare preferences. Challenges are to acquire novel
data on best ways to achieve these goals, to educate and
disseminate the information, and to develop systems and
funding mechanisms to implement optimal CVD medication
management strategies. To accomplish these objectives, sub-
stantial involvement will be needed from prescribers,
patients, healthcare systems, researchers, and entities pro-
viding infrastructure for these efforts.
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EXECUTIVE SUMMARY

In the last year, older adults in the U.S. sought medical care nearly 5 
million times due to serious side effects from one or more medications. 
More than a quarter million of these visits resulted in hospitalizations, 
at a cost of $3.8 billion (see Appendix A in the full report). 

These numbers point to a rapidly growing epidemic of medication 
overload among older Americans. Over the last decade, adults age 65 and 
older have been hospitalized for serious drug side effects, called adverse 
drug events (ADEs), about 2 million times. To put this in context, older 
adults are hospitalized for adverse drug events at a greater rate than the 
general population is hospitalized for opioids.1

The trend of increasing ADEs is not propelled by drug abuse, but by 
the rising number of medications prescribed to older adults (called 
“polypharmacy” in the scientific literature). More than 40 percent of 
older adults take five or more prescription medications a day, a three-
fold increase over the past two decades.2,3 The greater the number of 
medications—most of which are prescribed for legitimate reasons—the 
greater the risk for serious adverse reactions in older patients.

Medication overload is causing widespread yet unseen harm to our 
parents and our grandparents. It is every bit as serious as the opioid 
crisis, yet its scope remains invisible to many patients and health care 
professionals. While some clinicians are trying to reduce the burden of 
medications on their individual patients, no professional group, public 
organization, or government agency to date has formally assumed 
responsibility for addressing this national problem.

If current trends continue, we estimate that medication overload will 
be responsible for at least 4.6 million hospitalizations between 2020 
and 2030. It will cost taxpayers, patients and families an estimated $62 
billion. Over the next decade, medication overload is expected to cause 
the premature death of 150,000 older Americans.

In this report, the Lown Institute calls for the development of a national 
strategy to address medication overload and help older people avoid its 
devastating effects on the quality and length of their lives. A subsequent 
National Action Plan for Addressing Medication Overload will lay out 
a national strategy to address the epidemic of prescribing and ensure 
the safety of millions of older adults who are now at risk of preventable 
harm and premature death.

Introduction: An Epidemic of  
Too Much Medication

�Polypharmacy

A term used in the scientific 
literature to describe the 
condition of taking multiple 
medications. Usually the 
threshold for polypharmacy 
is five or more medications, 
although the cutoff varies 
because there is not a single 
agreed upon definition. 
Polypharmacy can be helpful 
or harmful, depending on the 
patient’s conditions and the 
specific medications. 

�Medication Overload

The use of multiple 
medications for which 
the harm to the patient 
outweighs the benefit. There 
is no strict cutoff for when 
the number of medications 
becomes harmful, but 
the greater number of 
medications a person is 
taking, the greater their 
likelihood of experiencing 
harm, including serious 
adverse drug events 
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Researchers generally define polypharmacy as taking five or more 
drugs. Not every person on five or more drugs will suffer a serious side 
effect—people with multiple chronic conditions may require multiple 
medications. However, the more medications a person takes, the greater 
their risk of debilitating, sometimes even deadly side effects.

Polypharmacy has become alarmingly common, especially among older 
people. Nearly 20 million older adults in the U.S. are taking five or more 
prescription medications. Including over-the-counter medications and 
supplements, 67 percent of older adults take five or more drugs.2,5

The cumulative effect of so many drugs can be devastating. Serious drug 
reactions include internal bleeding, heart attacks, strokes, and even 
death. Older people are particularly vulnerable to confusion, dizziness, 
insomnia, and incontinence, and even a mild reaction can have 
serious consequences. For example, taking four or more medications 
significantly increases the risk of falling.6 Falls can result in a head 
injury or broken hip, which in turn may cause of premature death.

Older adults taking five or more medications are at least 88 percent more 
likely to seek medical attention for an ADE compared to those taking one 
or two medications.7,As the rate of polypharmacy rises, so has the rate 
of polypharmacy-related harm. The rate of ADEs among older adults in 
the U.S. has more than doubled since 2000, with an estimated one in five 
experiencing an ADE in 2018. 

The potential ill effects of excessive prescribing go beyond ADEs and 
hospitalization. People can be confused and overwhelmed by having to 
keep track of numerous medications—when they should be taken, how 
they should be taken, what they’re for, reducing the quality of their lives 
and increasing the risk for ADEs.

Scope of the Epidemic 

�Impact of Adverse Drug 
Events in Older Adults, 2018

10 million experiences of 
adverse drug events

4.8 million outpatient visits

660,000 Emergency 
Department visits

280,000 hospitalizations

9000 deaths
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The Increasing Prevalence of  
Polypharmacy
From 1994 to 2014, the proportion of older adults taking five 
or more drugs tripled, from 13.8 percent to 42.4 percent. 2,4

1994 2014

14% took 5 or more drugs

60% took 1 to 4 drugs

26% took no drugs

42% took 5 or more drugs

49% took 1 to 4 drugs

9% took no drugs
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No single cause explains the dramatic rise in the number of medications older people are taking. 
Rather, a broad array of forces is at work, with three overarching aspects of our health care system 
contributing to the epidemic of medication overload:

Culture of 
Prescribing

Twenty years of advertisements linking prescription medications 
to happiness and health, the increased medicalization of normal 
human aging and experiences, the hurried pace of medical care, and 
a desire on the part of both health care professionals and patients 
and their families to “do something” have together fostered a 
shared expectation that there is a “pill for every ill.” Both patients 
and clinicians have been oversold on the benefits of medications, to 
the point where a prescription is seen as caring, and withdrawal of 
medication connotes giving up on the patient.

Information & 
Knowledge Gaps

Clinicians and patients lack critical information and skills they need 
to appraise the evidence and make informed decisions regarding 
medications. From professional school to continuing education, nowhere 
is learning about the dangers of excessive prescribing a mandated, formal 
part of the curriculum for clinicians. Moreover, clinical guidelines, 
which doctors and other prescribers rely on in making decisions about 
medications, offer little information about how to adjust doses for older 
patients with multiple chronic conditions or how to stop a drug.

Fragmentation 
of Care

American health care suffers from a pervasive lack of coordination, or 
communication among a patient’s various providers. In care transitions —
between hospitals, rehab units, and long-term care facilities — additional 
medications may be prescribed with little information about the patient’s 
current prescriptions. Often, more prescriptions are written to treat what 
appears to be a new condition, when in reality prescribers are treating a 
side effect of another drug. This “prescribing cascade” can lead to a cycle 
of debilitation and even death. EMRs have proved to be a poor solution to 
the overall lack of coordination across the system.

Drivers of Medication Overload

Numerous barriers stop clinicians from reducing or eliminating medications from a patient’s 
regimen (a process called “deprescribing”). Patients may resist going off a drug they believe is 
keeping them healthy. Clinicians may fear a bad outcome from stopping a drug more than they 
fear a bad outcome from starting one. They often hesitate to take a patient off a drug that was 
prescribed by another clinician. Even clinicians who want to deprescribe do not know how to stop 
or taper drugs safely.
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Patient Story
Killed by a Prescription Cascade

How did Joe Esposito go from a man in remarkable health, 
effortlessly running half marathons in his 50s, to being 
debilitated and incapacitated, struggling at death’s door, in 
just a few years? When Joe sought treatment for his mild to 
moderate Crohn’s disease, his list of medications cascaded 
from one to six to twenty, as each new medication brought on 
a new side effect. 

The steroids he was prescribed to treat Crohn’s led to bone 
loss and anal fistulas. He was given antibiotics for the fistulas, 
which caused peripheral neuropathy in his feet. He couldn’t 
sleep from the pain so he was prescribed benzodiazepines and 
Ambien for sleep, Lyrica for the nerve damage, and Tramadol 
for the pain. Several of the drugs gave him severe diarrhea. 
To treat his diarrhea, he was given opium drops, and other 
medications. Additional drugs weakened his kidneys, which 
in turn raised his blood pressure, so he was put on four blood 
pressure medications. And an experimental anti-inflammatory 
drug led to Joe contracting pericardial tuberculosis, which 
almost killed him.   

At the end of his life, Joe was taking over 20 medications and 
31 pills a day, but not one physician saw this as a problem 
worth addressing or even considered that his symptoms were 
caused by the drugs and not the Crohn’s disease.

Story originally told by Joe’s wife,  
Gayle Esposito

“�At the end of his life, Joe was taking 
over 20 medications and 31 pills a day, 
but not one physician saw this as a 
problem worth addressing.”
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Interventions to Avoid 
Medication Overload
The medication overload afflicting millions of older adults is a complex 
problem, with many causes and agents and no easy fix. Addressing it 
will require a holistic, multi-pronged set of policies, regulations, and 
payment models, as well as changes in both the training and practice 
habits of health care professionals. A comprehensive set of solutions 
must include interventions to help prevent excessive prescribing as well 
as interventions to promote judicious discontinuation of medications 
that are inappropriate, potentially harmful, or no longer necessary. 

As shown on the following page, solutions must address the three main 
drivers described previously: the culture of prescribing, information and 
knowledge gaps, and our fragmented health care system. 

There is a critical need to increase awareness of medication overload 
among the public and providers alike, which will require public 
campaigns and targeted outreach. Awareness however, is only the 
first step. We need better information, better education for clinicians, 
and tighter regulations that would reduce the influence of the 
pharmaceutical industry on the public and the practice of medicine. 
Perhaps most importantly, we need to continue health care reforms that 
support the role of the primary care provider as the hub of the wheel in a 
fully coordinated care system.

The U.S. has had limited success with a handful of policies related 
to medication overload, but we continue to lag behind other high-
income countries. Canada and Australia, for example, have established 
“deprescribing networks,” made up of a diverse group of stakeholders 
who have come together to share information, draft strategies, and 
disseminate proven interventions to address this problem.

To catalyze action on this critical issue, the Lown Institute and a 
working group of expert clinicians, pharmacists, researchers, health 
policy advocates, and patients have undertaken a year-long effort 
to draft a National Action Plan for Addressing Medication Overload. 
This plan will focus on the most urgent actions needed to combat this 
epidemic and the paths to implementing them.
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Culture of Prescribing Impact Feasibility

Launch public service campaigns for both health professionals and 

 non-professionals to increase awareness of medication overload

Empower patients and families by promoting the use of patient decision 

aids and shared decision making

Reduce pharmaceutical industry influence by limiting industry  

marketing to health professionals and direct-to-consumer advertising

Information and Knowledge Gaps Impact Feasibility

Ensure that clinical guidelines take into account patient age and 

comorbidities, and whenever possible, include recommendations for 

stopping medications

Further develop & disseminate deprescribing guidelines to help  

clinicians and pharmacists know how to deprescribe safely

Include training on appropriate prescribing and deprescribing for all 

students/trainees, as well as continuing medical education training  

for health professionals

Continue research on medication overload and deprescribing to fill 

research gaps

Fragmentation of Care Impact Feasibility

Implement team-based care models in hospitals and clinics,  

incorporating pharmacists into care teams when possible

Give primary care providers adequate time and information to  

do prescription checkups

Make electronic medical records more user-friendly and fully 

interoperable, so patients and providers can easily access a full  

list of patients' medications

Implement patient-centered prescription checkups periodically  

and during care transitions

Impact and Feasibility  
of Interventions
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Conclusion
The United States is in the grips of an unseen epidemic of harm from the excessive prescribing of 
medications. If nothing is done to change current practices, medication overload will lead to the 
premature deaths of 150,000 older Americans over the next decade and reduce the quality of life for 
millions more. 

This report should serve as a clarion call to policymakers, regulators and legislators, along with 
health care providers and patient advocates, to come together to adopt a national strategy for 
addressing medication overload. Such a strategy can build on the recommendations in the National 
Action Plan for Addressing Medication Overload to create a thoughtful and inclusive framework for 
systemic change that will produce measurable and meaningful results.

Focusing on reducing inappropriate or unnecessary medications could save as much as $62 
billion over the next decade in unnecessary hospitalization for older adults alone. As a nation, 
we would also save billions more on the cost of unnecessary drugs and visits to the emergency 
room and outpatient clinics. More important even than the associated costs, successfully tackling 
medication overload holds the promise of lessening disability, cognitive decline, and time in the 
hospital for patients. That translates into better lives for millions of people.
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How Clinical Trials From Home Can Increase Access to Life-
Changing Treatments

nextavenue.org/clinical-trials-from-home

By Beth BakerOctober 3, 2019

Credit: Adobe Stock
Some 85% of people over 60 use prescription drugs, according to the National Center for
Health Statistics (NCHS). Yet, older people are not well represented in clinical trials, the gold
standard for testing the safety and efficacy of medications, the NCHS says.

The Food and Drug Administration’s 2018 Drug Trials Snapshot Summary Report found that
for 59 new drugs, only 15% of the 44,000 patients who participated in clinical trials were 65
or older. For neurology drug trials, only 3% were older adults.

An effort is underway, however, to make it easier for people to join some clinical trials.
Rather than travel to a research center, patients participate from home.

“The overwhelming majority of research studies are not done at the convenience of a
participant,” says Adrian Hernandez, vice dean for clinical research at Duke University
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School of Medicine, who studies ways to increase patient engagement in clinical trials.
“They’re done at the convenience of an investigator. People come in and are donating their
time, their efforts, their blood, their data.”

“The overwhelming majority of research studies are not done at the convenience of a
participant.”

Hernandez and colleagues are launching a trial for people 75 and older to examine whether
statins can help prevent cardiovascular disease and dementia. Participants will be recruited
through their health care systems and the study will take place in their homes.

“For older people, getting involved in a trial can be difficult — navigating the system, going
from the parking lot to the clinic, and then being able to interact with whatever tools or
technologies that we have sometimes is not as friendly for older people,” Hernandez says.

Why It Matters

Until recently, researchers frequently excluded older participants, who often are on multiple
medications or have several medical conditions. The fear was that the results would be
inconsistent or not apply to a general population.

But that rationale does not make sense, says Steven Cummings, director of the San
Francisco Coordinating Center, a nonprofit academic research organization.

“If your drug only works in the small portion of older people who don’t have any other
problems or medications, then it will be irrelevant to the vast majority of older people,”
Cummings says. The pharmaceutical industry has excluded older people “without any
reason or evidence that this would be a problem,” and only by having older people in clinical
trials can physicians know the drug’s real-world effects, he adds.

Researchers have recognized this problem of excluding older adults for years and are trying
to address it. But even so, there are barriers, including the difficulty of travel for older
adults.

Seventy percent of potential clinical trial participants (of all ages) live more than two hours
from a trial center, according to the Deloitte Center for Health Solutions.

Reducing Patient Burden

Donna Cryer, 49, of Washington, D.C., CEO of the nonprofit advocacy organization the
Global Liver Institute, has had a liver transplant and has other serious medical conditions.
Having participated in several clinical trials, she strongly supports making them available to
people at home.
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“It’s hard to get out of the house as it is, and now you’re being asked to come out multiple
times,” she says. “You’re just worn out. If we’re moving to create a culture of participation in
clinical research, we have to focus on reducing the patient burden.”

Cryer was among the patient representatives and researchers at a 2018 National Academies
of Science workshop that explored the pros and cons of so-called virtual or site-free clinical
trials, meaning that patients could participate without going to a research center.

Cummings and other researchers at the workshop said that site-free trials would be
cheaper and simpler, potentially yielding valuable medical advances more quickly.

New Home-Based Parkinson’s Drug Trial

Will McIntyre, 52, diagnosed with Parkinson’s Disease in 2013, has participated in a clinical
trial to test a drug for symptom relief. He didn’t like the hassles. He works for a technology
company in New Jersey and hated missing work to travel to Philadelphia to a research
center. Plus, “oftentimes it will cost you,” he says. “It’s a forty-five or fifty-minute drive; tolls,
parking can be twenty five dollars or thirty dollars. Some clinical trials are good about
refunding expenses, but that can take months.”

McIntyre’s case is mild, he stresses, but in the advanced stages there can be many more
barriers to participation. For one, the symptoms can make it hard to drive or take public
transit. “The more you have difficulty with the disease, anything you can do to virtualize the
experience would be extraordinarily valuable,” he says.

To address these concerns, Cummings is launching a new drug trial for Parkinson’s that
would give older patients a way to participate in the research without having to travel.

“Patients with Parkinson’s have a very high risk of breaking a bone because they fall a lot,”
he says. Very few get treatment to prevent fractures, because “there’s no evidence they
would benefit,” he says.

Cummings’ new study, dubbed TOPAZ (Trial of Parkinson’s And Zoledronic Acid), will
determine whether a treatment used for osteoporosis, Zoledronate, would help prevent
fractures in Parkinson’s patients. The treatment is administered once intravenously and
lasts two years. “If it works, it’s extremely convenient,” he says.

He has found from previous studies that making enrollment easy for patients is crucial to
their willingness to participate. With TOPAZ, patients will be identified through their health
system, the Parkinson’s Foundation or other trusted sources.

“We’re making it really simple,” he says. “They go to a website and if they qualify, a nurse will
come to their home and give them an infusion of either the drug or a placebo. That’s it.”
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Lower Cost, Less Time

Cummings’ team aims to recruit more than 3,500 Parkinson’s patients 65 and older, making
it the largest study done on people with the disease, he says. “It doesn’t matter where you
live, you’ll be able to join the study,” he says. Recruitment will be rolled out by region,
beginning with the Carolinas.

Had the trial been done the traditional way, Cummings says, it would likely involve 100
clinics to recruit 3,500 participants, each staffed by nurses, technicians and research
assistants, and taking far longer.

“From conversations with colleagues in Pharma (the pharmaceutical industry), they roughly
estimated [drug trials cost] thirty five thousand dollars to fifty thousand dollars per
participant for five years, not including employees who support trial functions,” Cummings
says. “TOPAZ costs nine thousand one hundred and fifty dollars per participant, including all
coordinating center staff support.” The National Institute on Aging awarded TOPAZ
researchers a $32.6 million, five-year grant for the study.

One Size Does Not Fit All

However, researchers caution that there’s no one best approach to clinical trials. Some
participants may actually prefer to go to a research site. Hernandez notes that patients may
not remain as engaged if they are participating from home.

“With an in-person trial, there’s a strong relationship with the study team, and retention is
higher than virtual studies, at least so far,” he says.

As an example, Hernandez points to his father, 80, who is participating in two trials related
to healthy aging. “He likes coming in for an in-person visit because it’s a social thing,”
Hernandez says. “Each person is different.”

His mother, 72, is unwilling to participate, because she doesn’t want to take the time and
has privacy concerns about sharing health information over the internet, as would likely be
done with most home-based clinical trials.

“Patient identification protection is a real concern for many people,” says Cryer. “But that
should not dissuade us from moving forward and using all the opportunities for sharing
data.”

At the same time, patients should not be asked to sign away their data “for any purpose and
for whatever profit,” Cryer says. Instead, they should be able to say whom they’re willing to
share their data with and for what purpose.
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Technology Considerations

There are also equity concerns regarding technology that may be needed for home-based
trials. Although 81% of U.S. adults own smartphones, just 53% of people 65 and older do,
according to the Pew Research Center. Older people are also less likely to use the internet,
according to the National Academies of Science workshop.

Researchers shouldn’t assume that adequate bandwidth is universally available and
affordable, says Silas Buchanan, CEO of eHealth Equity, a for-profit company connecting
underserved groups with health information.

“Those are real obstacles, and that leads us into a conversation about social determinants of
health, where people live, work, play and pray, age and die, and whether or not they are in a
position to participate, even though they may want to,” Buchanan says.

Buchanan’s company works with faith groups to build bridges with the medical community.
For example, he initiated a “Know Your Numbers” campaign in New York City with 10
churches to communicate with their members, many of them older adults, about
monitoring their blood pressure. More than 500 church members participated.

McIntyre believes that patients have an important role to play in research. “We have to
consider ourselves a fount of information for researchers,” he says. “If we want a cure, we
should be serious about opening the faucet. Every time we’re offered the opportunity [to be
in a trial] and we can afford to be there, I think we should do everything we can to
participate.”

By Beth Baker
Beth Baker is a longtime journalist whose articles have appeared in the
Washington Post, AARP Bulletin, and Ms. Magazine. She is the author of With a
Little Help from Our Friends — Creating Community as We Grow Older and of Old
Age in a New Age — The Promise of Transformative Nursing Homes.

Next Avenue Editors Also Recommend:
Are you one of the 1,679 readers who have supported Next Avenue in 2019?
If so, thank you. Your financial gift helps us fulfill our mission of being an essential source of
news and information for older adults. Just as important, your contribution demonstrates
that you believe in the value of our work. We have a lot of exciting things planned in
2020 and we need your help to make sure they happen.

Haven’t given yet? Please make a gift today and help us reach our end-of-year goal — any
amount helps. Thank you.
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Evidence generated from clinical trials is critical 
to a wide range of stakeholders in making de-
cisions and fulfilling their moral obligations. 

Regulators rely on clinical trials for drug approval 
and labeling decisions. Health systems, medical so-
cieties, and expert committees rely on the evidence 
from trials to determine treatment and utilization 
policy or to set treatment guidelines. Clinicians use 
this evidence to support treatment recommenda-
tions, and patients rely on it to decide which courses 
of care to undertake. Many of these stakeholders 
presume that the careful review of individual stud-

ies is enough to address the ethical and scientific 
questions and problems that arise in clinical trials. 
For example, new cancer drugs are routinely grant-
ed regulatory approval on the basis of a single trial 
showing large effects. Nowhere is this presumption 
more apparent than in the current system of research 
ethics and oversight. 

The fields of research ethics and oversight pre-
sume that nearly all relevant ethical issues in research 
involving human participants can be identified and 
dealt with by the careful review of individual study 
protocols or their components. Its core institu-
tion, the institutional review board, and its central 
documents—such as the U.S. Common Rule (the 
federal regulations governing research with human 
subjects), The Belmont Report, the Declaration of 

Clinical trials cannot be reviewed in isolation from each other. Trial portfolios—series of trials  

interrelated by a common set of objectives—must be considered. The acceptability of a trial can change  

depending on the characteristics of the portfolio in which it is embedded. And different ways of structuring 

trial portfolios have different risks, benefits, and prospects for generating socially valuable information.
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Helsinki, and Council for Inter-
national Organizations of Medical 
Sciences guidelines—provide moral 
standards for evaluating individual 
study protocols. With rare excep-
tions,1 ethical and policy debates 
focus on moral dimensions of indi-
vidual research procedures (such as 
sham surgery2 or research biopsy3), 
particular study designs (such as clus-
ter randomized trials4), and the ethics 
of particular contested trials (such as 
the Surfactant Positive Airway Pres-
sure and Pulse Oximetry Trial [SUP-
PORT]5). Focusing ethical analysis 
and oversight on individual trials pre-
sumes that information reported in 
individual trial protocols is sufficient 
to render a sound ethical assessment 
of a trial or its results and that, if each 
study protocol meets an ethically ac-
ceptable standard, then the entire en-
terprise of human research will meet 
that standard as well. The problem, 
however, is that both of these pre-
sumptions are false. 

In what follows, we demonstrate 
that explicit consideration of trial 
portfolios—series of trials that are 
interrelated by a common set of ob-
jectives—is crucial for two distinct 
but related reasons. First, the ethical 
acceptability and evidentiary probity 
of individual trials can change de-
pending on the characteristics of the 
portfolios in which they are embed-
ded. Second, how trial portfolios are 
composed, how well they are coordi-
nated, and how efficiently they use 
information determines the balance 
of risks and benefits they present as 
well as their different prospects for 
generating socially valuable informa-
tion; these three factors also raise dis-
tinct questions of justice. 

Our analysis has implications 
for many stakeholders in research. 
We show that a set of what are cur-
rently treated as private decisions of 
study sponsors raise ethical questions 
that require explicit justification and 
that make them legitimate targets 
for policies that encourage fairer and 
more efficient portfolios. Oversight 
and regulatory bodies may need to 
adjust how they evaluate research 

claims. Clinicians, health systems, 
policy-makers, and other consumers 
of research information may need 
to broaden the scope of information 
they use to evaluate treatments and 
services. And bioethics and research 
ethics need to better facilitate discus-
sions about the fairness and economy 
with which the costs and burdens 
of medical uncertainty are distrib-
uted across health care and research 
systems. 

The Concept of the Drug Trial 
Portfolio

One of the main goals of clinical 
translation is to identify clini-

cally useful interventions (from now 
on, we will refer to these simply as 
“drugs”) and to generate sufficient 
evidence to warrant or discourage 
an intervention’s clinical use. Estab-
lishing the clinical utility of a drug 
for a particular indication requires a 
sequence of studies. We call the se-
quence of studies in which a drug is 
tested in a particular indication a “re-
search trajectory.”

Research trajectories involve a 
division of labor between different 
types of studies. Typically, a research 
trajectory begins with a hypothesis 
that a drug may have clinical utility 
in a particular indication. Early stud-
ies aim to explore hypotheses about 
how features of the drug’s use—such 
as dose, schedule, co-interventions, 
and so on—might modulate its clini-
cal effects. The goal of these explor-
atory trials is to identify the ensemble 
of practices6 most likely to result in 
clinical utility. Once this has been 
identified, late-phase, confirmatory 
trials subject the deployment of a 
drug within that package of practices 
to testing that provides a more reli-
able estimate of treatment effects. 

For example, the trajectory of de-
velopment of sunitinib as a treatment 
for renal cell carcinoma began when 
patients with this malignancy showed 
promising responses to it in a phase 
I trial.7 The hypothesis that sunitinib 
could be effective for renal cell car-
cinoma was then tested directly in a 

single-armed phase II study.8 After 
this study was positive, researchers 
conducted a phase III study aimed 
at testing a more defined hypothesis, 
namely, that sunitinib could be ef-
fective as first-line therapy if patients 
who were at a higher risk for serious 
side effects due to the drug’s cardio-
toxicity were excluded.

A drug trial portfolio consists of 
the set of trials in various research 
trajectories in which the same drug is 
tested against a range of indications. 
These studies are linked by a network 
of evidentiary connections such as as-
sumptions about the mechanism of 
action of a drug and the pathophysi-
ology of disease. The development 
of sunitinib for renal cell carcinoma 
thus represents one research trajec-
tory within the larger portfolio of 
sunitinib research. While researchers 
were pursuing the sunitinib-renal cell 
carcinoma trajectory, other research-
ers were pursuing trajectories testing 
sunitinib for gastrointestinal stro-
mal tumor, breast cancer, and lung 
cancer.9 In cancer, these distinct re-
search trajectories often develop out 
of common exploratory studies that 
test the same drug in multiple indica-
tions looking for signals of promise. 
What we are calling drug trial portfo-
lios are distinct from “indication trial 
portfolios”—trial portfolios in which 
a range of drugs are tested against 
the same indication.10 The figure in 
this article graphically represents the 
completed drug trial portfolio for 
sunitinib monotherapy as of 2010, as 
well as moral dynamics that we will 
discuss below. 

For many drugs, trial portfolios 
consist of a small number of trials 
and trajectories. But for drugs that 
are considered breakthroughs, trial 
portfolios can be enormous. For the 
“silver bullet” anticancer drug ima-
tinib, the first ten years of testing 
resulted in a portfolio consisting of 
thirty-seven trajectories and 128 tri-
als.11 For sorafenib, one of the first 
multityrosine kinase inhibitors, the 
first thirteen years of testing resulted 
in a portfolio consisting of twenty-
six trajectories and 203 trials. The 
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Indication		         Year of trial launch

	 2006	 2007	 2008	 2009	 2010

Renal cell  
carcinoma

Gastrointestinal 
stromal tumor 

Colorectal cancer

Pancreatic neuroendocrine tumor

Breast cancer

Non-small cell lung cancer

Hepatocellular carcinoma

Prostate cancer

Soft tissue sarcoma

Germ cell tumor

Head and neck cancer

Cervical cancer

Uterine cancer

Thyroid cancer

Gastric cancer

Urothelial cancer

Myelofibrosis

Pancreatic cancer

Ovarian cancer

Glioma

Each row represents a trajectory, 
a sequence of studies. As of 2010, 
twenty indication trajectories had 
published results.

This portfolio contained only one 
confirmatory trial. Trials 15 and 22 led 
to recommendations in clinical practice 
guidelines. To date, no trials confirming 
effects in these indications have been 
launched.

In 2009, seven new trajectories 
published results, with three 
trajectories involving more than one 
exploratory trial. Might some of these, 
as well as those published in 2010, 
have been avoidable had studies been 
pursued in a staggered fashion?

At about the eleventh trajectory 
published after initial trajectories 
showing efficacy, it was clear that 
sunitinib was unlikely to show activity 
as a single agent against other 
indications. This information might 
have discouraged the launch of new 
indication trajectories in 2010 or 
beyond.

Study 22 stands out as a single 
positive trial amid a sea of negative 
and inconclusive studies. Might this 
estimate reflect a false positive? Since 
2010, two more thyroid cancer trials 
showed lower response rates.

Each numbered node represents one trial, color coded based on whether the results were positive (green with a black number), nonpositive 
(black), or inconclusive (gray with a white number). Triangles indicate trials that are confirmatory and phase III, and circles indicate explor-
atory and phase II trials. This graph does not include trials pursued in a trajectory after a given indication received FDA approval. The data 
in this figure derive from B. Carlisle et al., “Benefit, Risk, and Outcomes in Drug Development: A Systematic Review of Sunitinib,” Journal 
of the National Cancer Institute 108, no. 1 (2016): doi:10.1093/jnci/djv292. (Graphical representation of trial portfolios is described further 
in S. P. Hey, C. M. Heilig, and C. Weijer, “Accumulating Evidence and Research Organization [AERO] Model: A New Tool for Representing, 
Analyzing, and Planning a Translational Research Program,” Trials 14 [2013]: doi:10.1186/1745-6215-14-159.)
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trial portfolio for the blockbuster an-
tiseizure drug pregabalin produced a 
portfolio of twenty-four trajectories 
and seventy-three trials.12 Checkpoint 
inhibitors have rapidly transformed 
cancer care in the last five years. Ac-
cording to one report, there are 803 
open trials testing checkpoint inhibi-
tors for treatment of cancer, with over 
166,000 patient slots.13

Many institutions concerned with 
clinical research—such as institu-
tional review boards, funding bod-
ies, and regulatory agencies—view 
clinical trials as the primary mecha-
nism for generating knowledge about 
treatments. The methods and design 
of clinical trials are scrutinized for a 
variety of scientific characteristics, 
including the steps taken to guard 
against various forms of bias or 
confounding (for example, a differ-
ence between groups of participants 
within a study with respect to char-
acteristics that affect the association 
between the study intervention and 
the outcome measures). How a trial is 
designed and executed and how well 
information is used within that trial 
affect the risks to which participants 
are exposed, the prospect that those 
risks are offset by direct medical ben-
efit to participants, and the prospect 
that those risks are offset by the pro-
duction of medical information that 
has scientific and social value.

Trial portfolios raise two sets of 
related but distinct challenges for 
ethics, policy, and decision-making. 
First, the ethical acceptability of in-
dividual trials and the strength of the 
evidence they produce, considered in 
isolation, can change when consid-
ered in the larger context of a trial 
portfolio.14 As a result, the assessment 
of individual studies is incomplete if 
not carried out at least partly with 
consideration of the context of the 
trial portfolio to which those stud-
ies belong. Second, trial portfolios 
themselves can present a more or less 
optimal balance of risks and benefits, 
present different prospects for gener-
ating socially valuable information, 
and raise distinct questions of justice 
depending on what trials they contain 

and how well trials within them are 
coordinated with each other. Deci-
sions and policies that affect trial 
portfolio properties and composition 
therefore warrant explicit ethical and 
policy consideration. 

Portfolio Composition, Risk, 
and Expected Benefits 

Currently, the assessment of risk 
in research involves balancing 

the burdens and potential harms 
within individual studies against the 
likelihood of direct benefit to par-
ticipants and against the value of the 
information that the investigations 
are expected to produce. Because trial 
portfolios are interrelated sets of stud-
ies, the composition of a portfolio can 
affect both the merits of individual 
studies in that set and the overall risk-
benefit associated with the portfolio.

The composition of trials in a 
portfolio matters because of the afore-
mentioned division of scientific labor 
between studies in a research trajec-
tory. Exploratory studies (typically, 
phase I and II trials) use surrogate 
end points in small samples of par-
ticipants over relatively short periods 
to identify and define the ensemble of 
practices most likely to result in clini-
cal utility. Confirmatory trials (typi-
cally, phase III trials) test whether a 
drug, delivered according to this en-
semble of practices, has clinical value 
by enrolling larger populations of pa-
tients and often targeting clinical end 
points. As a result, these trials require 
more time and resources to complete. 
In the absence of confirmatory trials, 
the results of exploratory studies have 
asymmetric value. When these stud-
ies are negative (in other words, they 
fail to support the hypothesis around 
which the trial was designed), they 
generate information that is valuable 
to a range of stakeholders: drug devel-
opers, clinicians, policy-makers, and 
patients learn that this drug is un-
likely to have a beneficial effect when 
delivered as tested. However, the in-
formation from positive exploratory 
trials is often unreliable. Because they 
lack specificity for detecting clinical 

promise, treatment effects on surro-
gate end points in small studies con-
ducted over a short time might not 
translate into beneficial effects in the 
clinical setting. As a result, the in-
formation from such studies is most 
useful to researchers who can subject 
such findings to confirmatory trials.

To appreciate the ethical conse-
quences of different compositions of 
studies in alternate trial portfolios, 
consider a drug development port-
folio in which a prior trajectory has 
resulted in regulatory approval for the 
use of the drug in a first indication. 
Knowledge of the drug’s pharma-
cology, preclinical evidence, and an 
understanding of disease mechanism 
suggest strong promise in two indi-
cations, although there is a range of 
other indications that might respond 
to the drug as well. For simplicity, 
now imagine two alternative strate-
gies for expanding this portfolio, 
each potentially involving a thousand 
patients.

The first strategy expands the 
portfolio by adding two small trials 
(a and b) enrolling one hundred pa-
tients each, exploring a drug’s activity 
in the two indications of promise. If 
either of these studies shows a signal 
of promise, a large confirmatory trial 
involving eight hundred participants 
is carried out. The second strategy 
expands the portfolio by initiating 
ten small trials in ten new trajecto-
ries (trials a and b plus eight other 
exploratory trials), each enrolling one 
hundred patients, aimed at exploring 
the potential of the drug against ten 
different indications.15 

The composition of a trial portfo-
lio affects the merits of the individual 
studies in it. Trials a and b have great-
er social value in the context of the 
first way of expanding the portfolio 
because the expected value of an ex-
ploratory study depends, in part, on 
whether it is a member of a trial port-
folio in which signals of promise are 
likely to be subject to confirmatory 
testing. In this portfolio, trials a and 
b perform the task to which they are 
best suited—supplying information 
to researchers that can be subjected to 
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confirmatory testing. In the second 
way of expanding the portfolio, these 
studies have less value because their 
results, on their own, are unreliable 
and unsuited to guiding clinical prac-
tice. Positive findings from explor-
atory studies that are not followed by 
confirmatory testing can entice pa-
tients and providers to consider off-
label use of the drug for the promising 
indication. These stakeholders, along 
with health systems, policy-makers, 
and third-party payers, are left with-
out sufficient evidence to warrant us-
ing that intervention in the relevant 
patient population. The result is that 
potentially large populations of pa-
tients are exposed to drugs that are 
possibly ineffective or harmful.16 

Ethical review practices do not 
usually consider the composition 
of studies in a trial portfolio when 
evaluating individual protocols. Nor 
do they necessarily contemplate 
the prospect of follow-up trials that 
would be necessary to redeem the 
burdens and social investments for an 
exploratory trial. As a result, ethical 
review practices often involve tacit as-
sumptions that exploratory studies, if 
positive, are likely to feed into con-
firmatory testing.17 At the very least, 
such considerations should be placed 
in the foreground and made the sub-
ject of explicit ethical assessment, if 
not regulatory evaluation.

Trial portfolios also have proper-
ties that should be subject to ethical 
assessment in their own right. In the 
choice between alternative trial de-
signs, if all else is equal, an approach 
that reduces the number of people 
harmed without detracting signifi-
cantly from the quality of the evi-
dence produced is ethically preferable 
to one that results in a larger num-
ber of people harmed for roughly the 
same gain in information. This prin-
ciple applies at the level of trial port-
folios as well. 

If we consider the likelihood that 
risks from study participation in any 
given trial will be justifiable in light 
of the prospect of direct benefit to 
participants, then the first portfolio 
is ethically preferable. That portfolio 

concentrates on indications in which 
there is prior signal of promise and 
enrolls additional patients only if 
those signals are borne out in subse-
quent studies. The second portfolio 
allocates patients to a range of trajec-
tories for which evidence of promise 
is weak, increasing the proportion of 
study participants unlikely to receive 
direct medical benefit. 

If we consider the value of the 
information that these portfolios 
are expected to produce, we also see 
that the first portfolio, as a whole, 
is ethically preferable to the second. 
The first portfolio has the prospect 
of producing evidence sufficient for 
guiding clinical practice because any 

signal of promise will be followed 
up with confirmatory testing. More-
over, the second portfolio is less able 
to guide clinical practice because it 
does not subject any positive results 
that emerge from exploratory trials to 
confirmatory testing. 

The composition of studies in-
cluded in a drug trial portfolio thus 
affects the value of the individual 
trials included in that portfolio, the 
number of people placed at risk in a 
group of studies, the extent to which 
those harms are likely to be offset by 
direct benefits to participants, and 
the expected value of the information 
resulting from the series of tests. 

Evidentiary Linkages and 
Efficient Knowledge Production

In a trial portfolio, trials in different 
trajectories pursue hypotheses that 

are related to each other. A drug trial 
portfolio features a drug that is tested 

in different indications, generally 
because some aspect or aspects of its 
activity might be useful against some 
set of pathophysiological mechanisms 
shared by different diseases. As a con-
sequence, evidence from trials testing 
a drug against one disease is relevant 
to the probability that a different but 
related disease might respond to the 
drug. The pacing and coordination 
of studies in a portfolio determines 
the extent to which these evidentiary 
linkages are exploited to reduce the 
burdens necessary to generate reliable 
medical evidence.

“Pacing” refers to the timing 
with which new trials and trajecto-
ries are initiated. When trajectories 

are launched simultaneously, lessons 
learned in one trajectory about tox-
icities, optimal dosing, scheduling, 
and response that affect the window 
of clinical utility cannot be applied 
in other trajectories.18 There are no 
opportunities to absorb emerging in-
sights into the planning and design of 
new trajectories so that hazards can 
be avoided and inquiries can be con-
centrated on promising avenues. 

“Coordination” refers to the de-
gree to which information from stud-
ies in a portfolio is incorporated into 
or influences the conduct of other 
studies in the portfolio. Recently, trial 
designs have been proposed that eval-
uate a larger portion of a trial port-
folio under a uniform statistical and 
methodological framework. Basket, 
umbrella, platform, and some expan-
sion cohort trials19 represent an effort 
to subsume many trials within a uni-
fied design that integrates evidence 
across studies, allowing unpromising 

As portfolios expand—as additional  
trials are added—it becomes more difficult 
to avoid false positives or inaccurate  
estimates of treatment effects. 
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trajectories to be quickly identified 
and terminated so that resources can 
be shifted to more promising indica-
tions. Trial designs that efficiently use 
evidentiary linkages between studies 
of a drug in different indications can 
generate reliable medical information 
using fewer participants.20

Our aim is not to advocate for spe-
cific trial designs, but to use these ex-
amples to illustrate two points about 
research ethics. First, both pacing and 
coordination can alter the balance of 
risks and benefits in individual trials. 
Whether unnecessary risks and bur-
dens have been eliminated from indi-
vidual studies cannot be determined 
unless researchers or other stakehold-
ers consider how information from 
other studies in the portfolio could be 
used to increase the efficiency of the 
study design. Second, whether port-
folios make efficient use of eviden-
tiary connections affects the number 
of patients that are burdened or 
harmed in the process of generating 
the same medical evidence. Because 
rapidly paced and poorly coordinated 
portfolios make an inefficient use of 
resources and generate risks and bur-
dens that can be eliminated within 
alternative portfolios, their risks and 
burdens are not necessary to generate 
reliable medical evidence. The same 
moral principles that support elimi-
nating unnecessary risks and burdens 
within individual trials support an 
ethical preference for trial portfolios 
that make a more efficient use of evi-
dentiary linkages between trials in a 
portfolio. Nevertheless, decisions 
about how studies in a drug trial 
portfolio are paced and coordinated 
are not the focus of explicit policy, 
oversight, or review. Even though 
these decisions affect the health and 
welfare of study participants and the 
use of scarce resources, they are left to 
the discretion of private parties pur-
suing their own interests. 

Portfolio Expansion and 
Inferential Power 

Given the linkages between trials 
in a portfolio, the evidentiary 

value of any of its individual studies 
cannot be evaluated without consid-
ering the other studies conducted in 
the portfolio. There is another way in 
which studies in a trial portfolio are 
interlinked even when they explore 
radically different hypotheses. Add-
ing new trials to a portfolio expends 
a portion of that portfolio’s ability 
to detect true treatment effects. The 
more trials are added to a portfolio, 
the more resources are needed to es-
timate the efficacy of a treatment ac-
curately. This effect derives from two 
features of trial portfolios that be-
come increasingly important as port-
folios grow in size: random variation 
in measured effects and heterogeneity 
in populations or diseases tested. 

When testing a hypothesis in a 
randomized trial, researchers power 
their studies based on a prespecified 
tolerance for declaring differences be-
tween a treatment and comparator to 
be “real” even though they are due to 
chance alone (the value of this toler-
ance is called an “alpha”). For many 
clinical trials, researchers use an alpha 
of 0.05, meaning that they are willing 
to tolerate a 1 in 20 chance that, be-
cause of random variation, they will 
wrongly accept the hypothesis that 
a drug has a bigger or smaller treat-
ment effect than the comparator in 
a randomized trial. Often, however, 
data monitors wish to probe whether 
treatment effects are emerging early 
on so that, if a study is futile or if it is 
showing a huge treatment effect, the 
trial can be stopped early. Yet, unless 
the alpha in a trial is adjusted, the 
statistical testing of an additional hy-
pothesis increases the probability of a 
false positive.21 Researchers therefore 
often adjust their alpha so that their 
overall tolerance for a false positive is 
still 1 in 20. They might do this by 
using a very small alpha for interim 
analysis (say, 0.01) and then a slightly 
adjusted alpha for the overall trial 
(such as 0.04 instead of 0.05). This 
adjustment is called an “alpha spend-
ing function.”22 Effective trial con-
duct requires stewarding a tolerance 
for false-positive results by testing 
as few hypotheses as possible, thus 

minimizing the spending of a trial’s 
alpha.

What is true about false positivity 
and spending within trials is also true 
for trial portfolios. The more trials 
in a trial portfolio that test an inter-
vention in different settings, popula-
tions, or subgroups, the greater the 
odds that some trials will produce 
false positive results. Because there 
is random variation across multiple 
trials within a portfolio, estimates of 
treatment effect from any one trial 
must be adjusted in light of effects ob-
served in other trials within the port-
folio. Imagine that a drug that has no 
effect on any disease is tested in a trial 
prespecifying a tolerance for false-
positive results of 5 percent. If that 
drug is tested in a portfolio consisting 
of only one trial, then the probability 
that the portfolio will produce a false-
positive result favoring the drug is 2.5 
percent (assuming a two-tailed test is 
used). Now imagine that the same 
drug is tested in a portfolio consisting 
of twenty trials. The probability that 
the portfolio will produce at least one 
false positive result is more than 40 
percent. If the portfolio had forty tri-
als, this probability would jump to 87 
percent. As this example makes clear, 
the greater the number of trials in a 
portfolio, the greater the probability 
of erroneously concluding that drug 
works against a disease for which it 
is tested.

Additionally, trials within portfo-
lios show variability in treatment ef-
fects due to underlying heterogeneity 
in populations or diseases tested. As 
a consequence of this heterogeneity, 
outcomes in each trial in a portfolio 
also vary randomly around a central 
effect, the “portfolio mean.” Because 
the variability in treatment effects that 
are estimated in trials exceed the true 
variability, trials that show unusu-
ally large effects are likely to overesti-
mate efficacy unless they are adjusted 
downward toward the portfolio mean 
using a statistical technique known as 
“shrinking.”23 Similarly, trials show-
ing unusually small effects should be 
“shrunk” upward toward a portfolio 
mean. The idea that estimates from 
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one trial should be adjusted in light 
of estimates from another trial test-
ing a different disease is highly coun-
terintuitive and hence called “Stein’s 
paradox.”24 Problems of overestima-
tion are compounded if outcomes of 
trials within portfolios correlate with 
each other (for example, when out-
comes in breast cancer trials provide 
information on the probability of de-
tecting efficacy in lung cancer). 

Therefore, as portfolios expand—
as additional trials are added—it be-
comes more difficult to avoid false 
positives or inaccurate estimates of 
treatment effects. As a result, more 
resources are needed to avoid these 
errors, including larger numbers of 
participants who must be exposed to 
the burdens and inconveniences of 
clinical investigation to test a given 
claim of clinical efficacy. A corollary 
of this observation is that the risk-
benefit ratio for a trial under review is 
potentially diminished by the launch 
of other new trials pursuing different 
hypotheses within the trial portfolio. 
To accurately assess the inferential 
power of a trial and whether it is suf-
ficient to offset risks to participants 
that are not offset by the prospect of 
direct benefit, individual trials have 
to be evaluated in light of all other 
trials in the drug trial portfolio.

Expanding trial portfolios has sig-
nificant implications for the value of 
the evidence produced by individual 
studies and for the number of par-
ticipants who must be exposed to 
research risk in order to generate 
reliable medical evidence. Adding 
exploratory trials that are not sup-
ported by a strong signal of promise 
increases the probability of spurious 
positive results. If these results are 
not subject to confirmatory testing 
or to correcting in light of the en-
tire portfolio of research, they can 
mislead a range of stakeholders into 
undertaking treatments or dedicat-
ing resources to interventions that 
lack clinical utility. These defects in 
the value of information undermine 
the justification for exposing study 
participants to the associated risks 
from these added exploratory trials. 

Adding studies to a portfolio requires 
using larger numbers of participants 
in subsequent trials, thereby increas-
ing the number of participants ex-
posed to research risks. However, 
these problems cannot be identified, 
let alone addressed, if the fields of re-
search ethics and regulatory oversight 
limit their attention to the assess-
ment of individual study protocols. 

These properties of trial portfolios 
also have important implications for 
decision-making in policy and regu-
lation. When companies submit trial 
results to regulatory agencies like the 
U.S. Food and Drug Administration 
for approval, they select among the 
drug-indication pairings that show 

the greatest efficacy. As noted above, 
these trials are likely to have overes-
timated treatment effects and are at 
elevated risk of generating false posi-
tives. Unless the FDA (or guideline 
developers) adjusts effects observed 
in trials based on the risk of false 
positives and by shrinkage, the trial 
results used in regulatory decisions 
(or clinical practice guidelines) are 
likely to be biased—especially when 
trial portfolios are large. 

Portfolios, Medical 
Uncertainty, and Justice

Part of the scientific and social 
value of individual studies resides 

in the prospect that their success-
ful completion will reduce medi-
cal uncertainty and contribute to 
improvements in clinical practice.25 

The gatekeeping function of regula-
tors involves establishing evidentiary 
thresholds for safety and efficacy 
that balance the need for timely ac-
cess to medical innovation with the 
importance of ensuring a sound evi-
dence base for the many stakehold-
ers who rely on medical evidence in 
their decision-making.26 Together, 
the considerations addressed above 
influence whether studies in a trial 
portfolio are likely to reduce or am-
plify medical uncertainty, where that 
uncertainty is addressed, and who 
bears the cost of dealing with such 
uncertainties.

For example, drug developers 
cannot earn revenue from a novel 

drug until regulators grant a license 
based on positive confirmatory tri-
als. This provides strong incentive to 
construct drug portfolios that con-
centrate on indications with prior 
signals of promise and that include 
confirmatory trials. Once a drug is 
approved, however, companies and 
academic researchers often expand 
portfolios by launching many small 
exploratory studies.27 The incentives 
for drug companies to run large and 
expensive confirmatory trials are at-
tenuated when physicians are free to 
use a drug off label, and many clini-
cal practice guidelines offer recom-
mendations based on exploratory 
trial evidence.28 Public funding is far 
more limited for academic research-
ers wishing to conduct expensive 
confirmatory trials. As a result, the 
threshold for initiating exploratory 

Decisions about how to pace and coordinate 
studies in a drug trial portfolio affect the 
health and welfare of study participants, yet 
they are left to the discretion of private  
parties pursuing their own interests.
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trials is low, while revenue can be 
earned (or careers advanced) simply 
by showing a signal of promise in 
small, and less reliable, exploratory 
trials. This creates an incentive for 
companies and academic researchers 
to explore a wide range of indica-
tions, and even to explore indications 
where the evidence base for success 
is dubious but the potential market 
revenues from a positive signal are 
sufficiently high.29 

Promising but incomplete re-
search trajectories shift the burden of 
evidence generation from drug devel-
opers to patients, clinics, hospitals, 
and health systems. When these par-
ties use drugs off label, they expend 
resources to purchase and implement 
interventions of unproven value and 
then shoulder the costs of investi-
gating their clinical merits—if such 
investigations are even carried out. 
In such cases, drug developers poten-
tially reap a double windfall—they 
enjoy revenues from expanded sales 
of drugs without having to cover 
the costs of validating their efficacy. 
Taxpayers also pay a double burden, 
because they foot the bill for publicly 
funded research while also paying for 
the reimbursement of off-label medi-
cal interventions that are motivated 
by exploratory but inconclusive 
studies. Because this windfall comes 
at the cost of information that pa-
tients, providers, policy-makers and 
others rely on to make momentous 
decisions, it raises questions about 
the justice of the system of incentives 
currently used to align the interests 
of stakeholders with the production 
of medical evidence.

Even when developers plan to 
pursue promising results with large-
scale confirmatory trials, they fre-
quently face choices about study 
pacing and coordination. To maxi-
mize the duration of their exclusive 
right to sell a drug, developers launch 
multiple studies in parallel. This de-
cision effectively trades an increase 
in speed and profit against an in-
crease in the number of participants 
likely to be harmed or burdened in 
the process. Similarly, sponsors may 

be reluctant to include their drug 
in study designs that maximize the 
comparability of results from test-
ing different drugs against common 
indications if this involves disclosing 
comparative effectiveness informa-
tion earlier in the life cycle of devel-
opment. For example, I-SPY 2 is a 
phase II breast cancer drug trial de-
signed to compare multiple investi-
gational drugs to a common control 
and to one another.30 Although six 
drugs have “graduated” from the trial 
and others are still being evaluated, 
no direct comparisons of investiga-
tional drugs to other investigational 
drugs have been reported to date. 
Decisions about how to use the full 
range of information available in a 
drug trial portfolio can pit the inter-
ests of health care systems, clinicians, 
and patients in having access to com-
pendious evidence about the relative 
clinical merits of available treatments 
against the parochial interests of drug 
developers. 

Similarly, the decision to expand 
portfolios by running many explor-
atory studies that are not supported 
by strong prior evidence of promise 
expends inferential capital in a way 
that increases the likelihood of ob-
taining false-positive results. When 
such results are not subject to con-
firmatory testing, spurious findings 
can drive the decision-making of pa-
tients, providers, and policy-makers, 
increasing costs without improving 
patient outcomes or health system 
efficiency. Portfolios containing 
positive exploratory trials without 
confirmatory testing therefore have 
questionable social value at best and, 
because they can distort the decision-
making of many stakeholders, poten-
tially have negative social value.  

Because decisions about portfo-
lio expansion and composition take 
place outside the frame of individual 
trial protocols, they are not subject-
ed to scrutiny within research eth-
ics or regulatory review. This means 
that there is frequently no public 
accountability for these decisions. 
Their rationale is not known, and 
how they balance important ethical 

values like reducing risk, ensuring 
social value, and promoting clinical 
utility over private considerations, 
such as companies’ financial goals 
or researchers’ professional interests, 
remains largely outside the scope of 
oversight. Treating such decisions as 
purely private matters for firms or ac-
ademic investigators fails to account 
for the social implications of such 
decisions. The current narrow focus 
on protocol-level evaluations permits 
a range of morally relevant inefficien-
cies without public debate, let alone 
oversight. 

Policy Implications and 
Possible Responses

The analysis presented here has 
implications for many stake-

holders in the research enterprise. 
First, if the scientific and ethical mer-
its of an individual trial cannot be re-
liably assessed in isolation from the 
larger portfolio of studies to which 
it is connected, then current practice 
within research ethics, oversight, and 
regulation is inadequate. Within the 
research enterprise, the assessment of 
the reasonableness of research risks, 
the distribution of research costs and 
burdens, and the value of informa-
tion likely to be produced by indi-
vidual trials will have to be made 
with reference to a much larger base 
of information. Outside of research, 
stakeholders who rely on evidence 
generated from individual clinical 
trials will have to evaluate findings in 
light of a similarly broadened infor-
mation base. This includes a reassess-
ment of the adequacy of regulatory 
procedures for approving new drugs 
and additional indications. 

Second, this analysis suggests that 
traditional values of research ethics 
related to risk assessment, the social 
value of studies, and the justice of 
the way benefits and burdens of re-
search are distributed should be ap-
plied at the level of trial portfolios. 
Because decisions that are tradition-
ally seen as the private prerogatives 
of study sponsors or investigators 
can impinge on each of these values, 
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these decisions are legitimate targets 
for ethical assessment and policy-
making. In particular, this analysis 
highlights the ethical issues involved 
in decisions about how studies are 
paced and whether to employ com-
prehensive study designs that more 
efficiently capture and use informa-
tion generated from clinical studies. 
Additionally, some of these decisions 
involve other important values, such 
as respecting intellectual property, 
fostering innovation, enabling free-
dom of inquiry, and promoting com-
petition in appropriate areas of drug 
development.

To address the issues we raise here, 
research ethics, policy, and regula-
tion require mechanisms to evaluate 
trials or influence their planning in 
light of the larger portfolios in which 
they are embedded. The goal of these 
mechanisms should be to encourage 
portfolio composition, coordina-
tion, and pacing in a manner that 
minimizes risk, makes efficient use of 
medical information, promotes social 
value and facilitates an equitable dis-
tribution of the costs and burdens of 
research. 

Many institutions charged with 
human protections, research policy, 
and drug approval have limited trac-
tion on various aspects of trial port-
folios. Institutional review boards 
(IRBs) and data monitoring com-
mittees, for example, are authorized 
to consider only individual protocols. 
Funding bodies and drug companies 
might have control over some—but 
not all—trials in a portfolio. Drug 
regulators typically oversee individual 
trials, and ultimately evaluate single 
trajectories when making regulatory 
decisions. As a result, addressing the 
challenges presented here may require 
alterations to the current approaches 
to research ethics, oversight, drug reg-
ulation, and health care policy. 

Research ethicists and policy-mak-
ers need to consider how oversight 
practices, public funding, drug ap-
proval, health care reimbursement, 
and perhaps other policy instruments 
like tax law or drug pricing can be al-
tered to be more sensitive to the issues 

we have raised here. In the immediate 
term, IRBs and regulatory authorities 
can use their existing power to influ-
ence the organization of portfolios or 
to leverage the information contained 
in them by requiring researchers and 
funding agencies to submit compre-
hensive assessments of prior and on-
going studies along with individual 
protocol submissions. 

Permissive ethical approval of 
clinical trials enables some of the 
problematic coordination and ineffi-
ciencies in trial portfolios. IRBs can 
play a role in promoting portfolios 

that reduce patient burden by requir-
ing sponsors to submit information 
about the portfolio in which a trial 
is embedded, alongside support-
ing evidence in a trial brochure. For 
drugs that are not yet approved, this 
information would specify the com-
position of studies planned in a drug 
development trajectory and outline 
methods being employed to coordi-
nate studies to increase efficient use 
of evidentiary linkages and reduce 
unnecessary risk and burden to study 
participants. For trials being added to 
trial portfolios involving an already 
approved drug, IRBs can ask sponsors 
to present information from public 
trial registries like ClinicalTrials.gov 
to show how many other exploratory 
trajectories within a portfolio have 
been launched. This can be supple-
mented with information on how 
many trajectories have led to results 
that are clinically actionable. If a large 
number of poorly coordinated trials 

have been launched, IRBs can with-
hold approval to encourage at least 
a more staggered pacing of portfolio 
expansion. 

IRBs can also use information on 
the number of unsuccessful trajecto-
ries launched to assess the probability 
that a new trajectory will lead to clini-
cally actionable evidence. If dozens of 
trajectories have been launched with-
out leading to the discovery of new 
responding indications that are well 
on their way toward confirmation, 
IRBs should demand especially com-
pelling evidence before approving a 

new trajectory. Data safety monitor-
ing bodies should be similarly ap-
prised of parallel trajectories within a 
portfolio and should use more stop-
ping rules when a trial is testing hy-
potheses that will be partly addressed 
in parallel investigations.

Regulatory authorities like the 
FDA can ask drug companies sub-
mitting applications for regulatory 
approval to also describe all launched 
trajectories, as well as estimates from 
completed trials, within a trial port-
folio. If regulators state that they will 
shrink estimates and adjust inferen-
tial tests based on portfolio size, drug 
companies will have incentives to 
limit testing only to indications sup-
ported by a higher level of evidence. 
Such a proposal is less radical than it 
sounds, since the pharmaco-epidemi-
ology division of FDA already col-
lects and analyzes safety information 
for a drug across many different drug 
development trajectories. 

IRBs can play a role in promoting  
portfolios that reduce patient burden by 
requiring sponsors to submit information 
about the portfolio in which a trial is  
embedded, alongside supporting evidence.
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We do not for a moment under-
estimate the policy challenges of ad-
dressing research inefficiencies and 
inequities that emerge from poor trial 
portfolio management. For example, 
it may be difficult for companies and 
academic researchers to anticipate 
the way portfolios might grow. Pres-
sures like intellectual property issues 
will continue to influence the will-
ingness of developers to exploit the 
full range of emerging information 
in trial portfolios. Another challenge 
concerns the illiquidity of research 
resources: an academic’s decision to 
forgo an exploratory trial does not 
entail that the resources she might 
have expended will now be used for 
a confirmatory trial. Ultimately, new 
institutions—like portfolio-level data 
safety monitoring boards—might be 
needed to encourage better planning, 
coordination, and use of information 
generated in trial portfolios. For now, 
however, our point is a simple one: 
current systems of research ethics, 
drug regulation, and evidence synthe-
sis cannot fulfill their mandates with-
out considering how trial portfolios 
shape a broad range of scientific and 
ethical aspects of clinical research. 
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Pharmacotherapy Research

Priorities in Older Adults With
Cardiovascular Disease in
Nursing Homes, Assisted Living,
and Home Care: Report From
a Satellite Symposium of the
ACC, AGS, NIA Workshop
Long-term care (LTC) services include a broad range of health,
personal care, and supportive services provided at home (health
agencies, hospice, or communityproviders) (HC), assisted living (AL)
communities, and nursing facilities (NF).1 Although the population
of adults >85 years is increasing, the number of NF residents (1.4
million)will remainflat. In the future, a significant proportion of LTC
for older adultswill beHC. Evidence regarding strategies tooptimize
pharmacotherapeutic outcomes and medication safety across the
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LTC spectrum is scarce, creating a strong research need. To drive this
research agenda, we identified a set of setting-specific pharmaco-
therapy research needs identified as part of a satellite symposium
focused on pharmacotherapy across the LTC spectrum.

Methods

Under a U13 National Institutes of Health (NIH) grant (http://
grantome.com/grant/NIH/U13-AG047008-05), the National Insti-
tute on Aging (NIA), the American College of Cardiology (ACC), and
the American Geriatrics Society (AGS) sponsored a series of biennial
workshops to identify critical knowledge gaps and research prior-
ities for optimizing patient-centered care and outcomes in older
adults with cardiovascular (CV) disease. A satellite symposium
addressing pharmacotherapy in long-term care settings (LTC) was
convened as part of the second workshop in February 2017 to
specifically focus on information gaps and research priorities.2

Participants had diverse backgrounds, including nursing, phar-
macy, medicine, and administrative. Using a nominal group tech-
nique, participants identified barriers to conducting research,
unique environmental characteristics, and primary gaps in
knowledge related to pharmacotherapy across the 3 LTC settings
(NF, AL, HC). The information gathered is summarized and a set of
research priorities presented.

Research Challenges by LTC Setting

Most research has traditionally focused on NF. However, NF have
evolved significantly over the past several decades, now having
widely divergent resident populations. This has resulted in highly
variable care processes necessary to address this heterogeneity.3

Goal-directed care for those admitted to NF for post-acute care
whowill be rehabilitatedanddischargeddiffers compared tothat for
long-stay residents or those present for end-of-life care. On average,
NF residents receive >8 medications per day, with CV medications
accounting for >25% of prescriptions.4 Concerns about poly-
pharmacy, adverse drug events, drug interactions, and medication
errors are high in this population.5 Electronically available data are
focusedondailycareneeds, identifying sentinel problems, andoften
donot include the detail, standardization, ormeasurement accuracy
needed for research. In prior decades, NIH-sponsored Teaching
Nursing Homes provided infrastructure for research at a number of
academic centers. Unfortunately, these programs no longer exist.

AL is focused on aging in place and de-emphasizing medical
services in relationship to providing a homelike nurturing envi-
ronment.6 Many AL residents have a high burden of chronic ill-
nesses, disability, and frailty, and exhibit polypharmacy.6e8 The
social model of care, heterogeneity among residents and sites, and
variable state regulations predispose to substantial diversity in care
models, quality of care, and availability of assistive personnel. There
are few data sources and limited market penetration of EHRs;
manual research data collection is usually necessary. Conducting
research in AL settings is thus more difficult than in NF, and few if
any research consortiums exist.

The role of HC is increasing over other sites of LTC because of
patient preferences and in an attempt to decrease health care costs.
Medication oversight is limited in HC. High rates of multimorbidity
and associated increased health care utilization make HC a partic-
ularly difficult setting in which to conduct clinical research.9 Bar-
riers to HC research result from few with HC research expertise,
lack of organized data and patient access, and limited funding op-
portunities. The Palliative Care Research Cooperative is the first
cooperative in the United States focused on palliative and end-of-
life care research and serves as a potential model for HC-based
research.10
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Table 1
Pharmacotherapy Research Priorities in Older Adults With Cardiovascular (CV) Disease, by Long-term Care (LTC) Setting

Priority Area Desired Characteristics

Nursing facilities (NFs)
1 Identify how to best measure quality � Person centered, goal directed

� Range of potentially relevant outcomes
� Reflect different stakeholders’ views
� Quality interventions that cross morbidity lines, ie, multimorbidity, geriatric
syndromes

2 Optimize prescribing � Linked to person-centered, goal-directed outcomes
� Address over- and undertreatment
� Evaluate effectiveness and outcomes of deprescribing interventions
� Reduce medication burden
� Improve medication safety through pharmacokinetic and pharmacodynamic
analysis of “high-risk” CV drugs in NF adults

� Optimize methods to reduce drug-drug and drug-disease interactions
3 Study models of care

� Claude Pepper Older Americans
Independence Centers

� Teaching LTC facilities

� Apply implementation science to identify the best methods and needed re-
sources to make meaningful improvements in care for short- and long-stay
residents

� Evaluate best practices for improving care during care transitions
� Identify models of care that optimize a culture of safety while maximizing the
resident’s independence

� Address knowledge gaps in how to care for those with the greatest functional
impairment

� Encourage research on health problems prominent in NF
� Develop strategies on current and new therapies and health maintenance

Assisted living and residential care communities (AL)
1 Evaluate epidemiology

� Survey the AL landscape; define common elements of AL
2 Define data elements � Consistent data elements are needed to compare interventions across care

settings and geographical landscapes
� Determine which data can be extracted from public files

3 Evaluate then optimize prescribing � Determine state-level differences in prescribing
� Characterize key indicators, such as adverse drug events to high risk
medications

� Longitudinal data are needed to describe persistence of drug use
Home care (HC)dresearch sites of the future
1 Evaluate epidemiology of older adults living at home � Develop standard definitions and vocabulary

� Determine prevalence and patterns of in-home support
2 Define and differentiate between short- and long-term

home-based care and caregiver needs
� Identify/define short-term needs for Medicare HC
� Study outcomes, implementation, advantages, and disadvantages or informal

caregiver support compared to paid caregiver support
3 Evaluate specific needs of HC adults in CV care and CV

medications
� Comparison to the other most predominate conditions and drug therapy
� Evaluate ways to decrease polypharmacy, including the efficacy of depres-
cribing medications

4 Define caregivers’ medication support needs � Determine needs and methods of delivery of education and support of
informal caregivers in order to optimize medication administration, adher-
ence, and monitoring

5 Medications at home � Determine the impact of the home setting on medication choices, doses, and
usage

� Define optimum care for medication administration in the home setting
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Research Priorities by Setting

Table 1 identifies a set of CV pharmacotherapy research prior-
ities by setting. Research priorities in NF should center on how to
best measure quality, optimize prescribing, and evaluate best
practices for improving care for short- and long-stay residents.
Person-centered, goal-directed quality interventions that cross
morbidity lines are needed. In particular, research for reduction of
the medication burden through deprescribing can improve medi-
cation safety, may reduce drug-drug interactions, and address over-
treatment.

Given that less is known about CV pharmacotherapy in AL,
research should survey the landscape and define data elements
that can be used to compare care environments across care settings
and geographic areas. Information on prescribing characteristics,
medication persistence, and safety indicators like adverse drug
events is needed.

Research priorities in HC begin with the fundamental necessity
of developing standard vocabulary for the widely disparate
patterns of in-home support. Differences between short- and long-
term home-based care necessitate the study of outcomes and
implementation, as well as the advantages and disadvantages of
informal caregiver support compared to paid caregiver support.
Environmental studies are needed to evaluate the specific phar-
macotherapy needs of HC adults, including deprescribing and other
ways to decrease polypharmacy. It is important to define care-
giver’s medication support needs in order to optimize medication
administration, adherence, and monitoring. Researchers should
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learn how the impact of the home setting affects medication choice,
route of administration, and usage while defining optimum care for
medication administration in the home.
Implications for Research Policy

A need exists to close the pharmacotherapeutic knowledge gap
for older adults residing at home and in and NF environments to
enable safe and effective care and appropriate use of medications.
Despite the challenges, investigators can undertake the top
research priorities while organizing networks to address more so-
phisticated research questions. To do so will require extensive co-
ordination, access to necessary funding, patient/family/caregiver
involvement, and leadership from professional organizations.
This research was supported by the Patrick and Catherine Weldon Donaghue
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Pain Management in the Last

6 Months of Life: Predictors of
Opioid and Non-Opioid Use
When it comes to pain, nursing home care falls short. The
experience of pain negatively impacts life quality and function,
especially for residents with multiple chronic comorbidities. The
proportion of residents with pain is high, with estimates ranging
from 45%1 to 65%.2 Because the experience of pain is primarily
subjective, clinicians rely on patients’ self-report to direct pain
management strategies. Yet, in a nursing home, many residents
have dementia and are unable to communicate pain. It is not sur-
prising that pain in the nursing home is both high and under-
recognized. In order to treat pain, it must be assessed. Pain rating
scales, considered the gold standard of assessment, are used for
persons with intact cognitive status who can self-report. For per-
sons with dementia (PWD), the identification of pain and its
treatment needs greater attention as we cannot always rely on self-
report. Research shows an association between pain and disruptive
behaviors in PWD in the nursing home, considered the conse-
quence of untreated pain.3 Tools developed to evaluate pain in PWD
who cannot communicate focus on the identification of behavioral
disturbances. For example, in the Pain in Advanced Dementia
Scale,4 vocalization, facial expression, and body language are cues
to indicate pain. Despite the advancements toward designing
pain assessment protocols, pain treatment lags behind. Non-
pharmacologic techniques can be used to enhance comfort,
particularly for PWDwho cannot communicate their pain verbally.5

Empirical evidence for the effectiveness of these techniques for
pain treatment is lacking,5 although there are some encouraging
findings.6 Regarding pharmacologic techniques, the World Health
Organization7 suggests a stepped approach to treat pain beginning
with nonopioids, with increasing doses of opioids if needed. Some
research has shown that pain for PWD was mostly treated with
nonopioids, and only changed to opioids when end of life was
near.8 Hospice in the nursing home is also significantly associated
with higher use of opioid pain medications.9 Clinicians prefer to
avoid opioids in this population because of concern about poly-
pharmacy and issues around metabolism and excretion of
medications.3

We conducted a cross-sectional examination of nursing home
decedents over a 1-year period, with a 6-month look-back period
using retrospective medical record data to examine and compare
the predictors of pain treatment using nonopioids and opioids. We
examined the following predictors of pain treatment: diagnoses
associated with pain in residents (arthritis, cancer, coronary artery
disease, and diabetes), level of cognitive impairment, pain, and
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Harnessing wearable device data to improve state-level 
real-time surveillance of influenza-like illness in the USA: 
a population-based study 
Jennifer M Radin, Nathan E Wineinger, Eric J Topol, Steven R Steinhubl

Summary
Background Acute infections can cause an individual to have an elevated resting heart rate (RHR) and change their 
routine daily activities due to the physiological response to the inflammatory insult. Consequently, we aimed to 
evaluate if population trends of seasonal respiratory infections, such as influenza, could be identified through 
wearable sensors that collect RHR and sleep data.

Methods We obtained de-identified sensor data from 200 000 individuals who used a Fitbit wearable device from 
March 1, 2016, to March 1, 2018, in the USA. We included users who wore a Fitbit for at least 60 days and used the 
same wearable throughout the entire period, and focused on the top five states with the most Fitbit users in the 
dataset: California, Texas, New York, Illinois, and Pennsylvania. Inclusion criteria included having a self-reported 
birth year between 1930 and 2004, height greater than 1 m, and weight greater than 20 kg. We excluded daily 
measurements with missing RHR, missing wear time, and wear time less than 1000 min per day. We compared 
sensor data with weekly estimates of influenza-like illness (ILI) rates at the state level, as reported by the US Centers 
for Disease Control and Prevention (CDC), by identifying weeks in which Fitbit users displayed elevated RHRs and 
increased sleep levels. For each state, we modelled ILI case counts with a negative binomial model that included 
3-week lagged CDC ILI rate data (null model) and the proportion of weekly Fitbit users with elevated RHR and 
increased sleep duration above a specified threshold (full model). We also evaluated weekly change in ILI rate by 
linear regression using change in proportion of elevated Fitbit data. Pearson correlation was used to compare 
predicted versus CDC reported ILI rates.

Findings We identified 47 249 users in the top five states who wore a Fitbit consistently during the study period, 
including more than 13·3 million total RHR and sleep measures. We found the Fitbit data significantly improved ILI 
predictions in all five states, with an average increase in Pearson correlation of 0·12 (SD 0·07) over baseline models, 
corresponding to an improvement of 6·3–32·9%. Correlations of the final models with the CDC ILI rates ranged 
from 0·84 to 0·97. Week-to-week changes in the proportion of Fitbit users with abnormal data were associated with 
week-to-week changes in ILI rates in most cases.

Interpretation Activity and physiological trackers are increasingly used in the USA and globally to monitor individual 
health. By accessing these data, it could be possible to improve real-time and geographically refined influenza 
surveillance. This information could be vital to enact timely outbreak response measures to prevent further 
transmission of influenza cases during outbreaks.

Funding Partly supported by the US National Institutes of Health National Center for Advancing Translational 
Sciences.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction 
In the USA, approximately 7% of working adults and 
20% of children younger than 5 years of age get influenza 
annually.1 Traditional influenza surveillance relies largely 
on a combination of virologic and syndromic influenza-
like illness (ILI) surveillance to estimate influenza trends.2 
However, ILI surveillance has a 1–3 week reporting lag 
and is often revised weeks later by the US Centers for 
Disease Control and Prevention (CDC).3

Several groups have attempted to use rapid influenza 
tests,4 data on internet search terms (eg, Google Flu 

Trends),5 and social media outlets such as Twitter6 to 
provide real-time influenza surveillance. However, despite 
some success, Google Flu Trends was found to miss early 
waves of the 2009 H1N1 pandemic influenza7 and over
estimate activity during outbreaks.7,8 Although Twitter 
could improve traditional ILI surveillance, it had variable 
success on its own.6,9 The challenge with using these 
methods is distinguishing between activity related to an 
individual’s own illness and those related to media or 
heightened awareness and interest about influenza during 
the influenza season. Consequently, there is a great need 
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to enhance traditional ILI surveillance with new objective 
data streams that can provide real-time information on 
influenza activity.

A 2016 study estimated that 12% of US consumers 
owned a fitness band or smartwatch10 and this number 
continues to grow. Wearable sensors that continuously 
track an individual’s physiological measurements, such 
as resting heart rate (RHR), activity, and sleep, might be 
able to identify abnormal fluctuations indicting pertur
bations in one’s health, such as an acute infection. It is a 
normal physiological response to have an elevated RHR 
as a result of infection, especially when it is accompanied 
by a fever.11 Sleep and activity are also likely to differ from 
the norm when someone does not feel well. The purpose 
of our study was to evaluate whether wearable sensor 
data could improve influenza surveillance at the state 
level—so-called nowcasting. Enhanced ILI surveillance 
would improve the ability to enact quick outbreak 
response measures to prevent further spread of new 
influenza strains.

Methods
Data collection
Through a research collaboration between Scripps 
Research Translational Institute and Fitbit, we obtained 
de-identified data from a convenience sample of 
200 000 consistent users who wore a Fitbit device from 
March 1, 2016, until March 1, 2018. These users wore their 
Fitbit for at least 60 days during this study time and had 
only one Fitbit tracker for the whole period. Inclusion 
criteria included having a self-reported birth year between 
1930 and 2004, height greater than 1 m, and weight greater 
than 20 kg. User location (ie, state) was only collected for 

measurements after Dec 1, 2016, and was inferred for the 
previous period on the basis of the most frequent state 
reported. To sufficiently measure changes at a population 
level, we only evaluated users from the top five states with 
the most Fitbit users in our dataset: California, Texas, New 
York, Illinois, and Pennsylvania. De-identified Fitbit data 
were used for this study, which was determined by the 
Scripps institutional review board to be exempt from 
institutional review board review. All Fitbit users, 
including those whose data are used in this study, are 
notified that their de-identified data could potentially be 
used for research in the Fitbit Privacy Policy.

The dataset included daily measurements of RHR, 
sleep minutes from main sleep (ie, the longest sleep of 
the day), and wear time. Daily measurements with 
missing RHR, missing wear time, and wear time less 
than 1000 min per day were excluded from the study 
dataset. We also excluded data obtained in the first 
2 weeks of March, 2016, because Fitbit implemented a 
change in their RHR algorithm at that time. Daily activity 
data were not available.

We obtained final end-of-season unweighted ILI rates 
from the CDC’s FluView database.12 CDC ILI rates are 
calculated as the weekly percentage of outpatient office 
visits for ILI, which is defined as fever (temperature 
>37·8°C) and a cough or sore throat without a known 
cause other than influenza, and are collected from 
sentinel surveillance clinics.2

Calculation of the RHR
According to Fitbit, RHR is calculated as follows: periods 
of still activity during the day are identified by looking 
at the accelerometer signal provided by the device. If 

Research in context

Evidence before this study
Influenza results in up to 650 000 deaths worldwide each year. 
Traditional influenza surveillance reporting in the USA and 
globally is often delayed by 1–3 weeks, if not more, and revised 
months later. This delay can allow outbreaks to go unnoticed, 
quickly spreading to new susceptible populations and 
geographical regions. We searched PubMed from Jan 1, 1990, 
to July 20, 2019, using combinations of words or terms that 
included “influenza” OR “influenza-like illness” AND 
“predictions” OR “modeling” OR “nowcasting”. Previous studies 
have attempted to use crowd-sourced data, such as Google Flu 
Trends and Twitter, to provide real-time influenza surveillance 
information—a method known as nowcasting. However, these 
methods typically overestimate rates during epidemic periods 
and have variable success on their own, especially at the state 
level.

Added value of this study
To our knowledge, this is the first study to evaluate and show 
that objective data collected from wearables significantly 
improved nowcasting of influenza-like illness. This result held in 

all five states that we examined, with an average increase in 
Pearson correlation of 0·12 over baseline, resulting in 
correlations ranging from 0·84 to 0·97 in the final models. These 
associations remained consistent when correcting for first-order 
autocorrelation in time-matched or 1-week-lagged models.

Implications of all the available evidence
In the future, wearables could include additional sensors 
to prospectively track blood pressure, temperature, 
electrocardiogram, and cough analysis, which could be used to 
further characterise an individual’s baseline and identify 
abnormalities. Future prospective studies will help to 
differentiate deviations from an individual’s normal levels 
resulting from infectious versus non-infectious causes, and 
might even be able to identify infections before symptom 
onset. Capturing physiological and behavioural data from a 
growing number of wearable device users globally could 
greatly improve timeliness and precision of public health 
responses and even inform individual clinical care. It could also 
fill major gaps in regions where influenza surveillance data are 
not available.
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inactivity is observed for a sufficiently long time 
(eg, 5 min), then it is assumed that the person is in a 
resting state, and their heart rate at that time is used to 
estimate their RHR. If the user wears the device to sleep 
at night, their sleeping heart rate is also used to improve 
this estimate. Note that the lowest heart rate during sleep 
can be lower than the RHR since the RHR is intended to 
capture the heart rate when a user is awake and at rest.13

The manufacturer has found that the estimated RHR 
based on this algorithm closely matches the value reported 
by the Fitbit device when measured by users in a supine 
position immediately after waking.13 The manufacturer 
has also verified the accuracy of the device in measuring 
heart rate during still periods by direct comparison with 
an electrocardiogram (ECG) reference and found a mean 
average error of less than 1 beat per min (bpm).13 Fitbit 
devices have shown good agreement with polysom
nography and ECGs in measuring sleep and heart rate 
during sleep, with average heart rate less than 1 bpm 
lower than that recorded by ECG.14,15

Data analysis 
For each user, overall mean (SD) of RHR and sleep 
duration during the entire study period were calculated. 
Any users with fewer than 100 RHR measures were 
excluded. Each user’s weekly RHR and sleep averages 
were also calculated to align with CDC ILI surveillance 
data reported on a weekly basis. Users with fewer than 
four RHR measures during a given week were omitted 
from downstream analyses pertaining to that week.

We hypothesised that elevated RHR and increased 
sleep duration compared with an individual’s average 
might be indicative of ILI. During each week, a user’s 
data were identified as abnormal if their weekly average 
exceeded a given threshold: a sleep time that was longer 
than 0·5 SD below their overall average and an RHR that 
was either 0·5 SD (model 1) or 1·0 SD (model 2) above 
their overall average. Additionally, thresholds that 
included a constant value higher than average were also 
evaluated. Users were stratified by state, and the 
proportion of users meeting these thresholds each week 
was calculated. Thus, for a given state k, the proportion 
of users with abnormal data for week j is defined as xj,k,l 
where l represents the 0·5 SD (model 1) or 1·0 SD 
(model 2) thresholds above average.

The number of CDC-reported ILI cases yj,k among the 
number of outpatient office visits nj,k during each week 
over the observation period across each state k was 
likewise collected. To simplify analytic issues dealing 
with 0 case counts in a given week, 1 was added to both 
measures. The proportion of cases in each state (ie, yj,k/nj,k) 
is defined as pj,k.

Various state-stratified models were considered to 
evaluate the relationships between ILI rates and Fitbit 
data. The first naive model, mnaive, simply modelled the 
CDC ILI case count as a function of the proportion xj,k,l of 
Fitbit users with abnormal data in a given week using a 

negative binomial model with offset nj,k. Because CDC 
ILI data are often delayed by several weeks and later 
revised, a 3-week lagged autoregressive term pj −3,k was 
added to the mnaive model to create the mabs model. This 
model was similar, but more conservative, to the 
autoregressive AR(3) model used by Yang and colleagues3 
to evaluate the predictive power of Google Flu Trends 
using CDC ILI rates from up to 3 weeks before, and 
models the absolute ILI count yj,k in each week j. Formally:

where mabs is a negative binomial model with offset term 
log(nj,k). The H1 model shown assumes the ILI case count 
yj,k is affected by the proportion of users with abnormal 
data, whereas the baseline model mabs,H0 omits xj,k,l such 
that the null hypothesis is H0 : βx = 0 for each state k. 
Decisions to stratify by state were based on modifications 
of the mabs model; the modified model combined data 
across states and included a state main effect and state-
by-xj,k,l interaction term:

where 1(k) represents an indicator variable for state k, βk 
is the coefficient for the main effect, and βx*k is the 
coefficient for the interaction term. The presence of 
significant interactions indicated that the effect of the 
Fitbit variable might differ by state, and thus we opted for 
a stratified approach.

Finally, we created a linear regression model to predict 
change in ILI rate from week to week. For each state k, 
change in ILI rate is given by pj,k* = pj,k – pj − 1,k and change 
in the proportion of users with abnormal data is given by 
xj,k,l* = xj,k,l – xj – 1,k,l, and the resulting mchange model more 
appropriately accounts for autocorrelation that remains 
present in mabs:

This change is evaluated by linear regression for each 
state k with elevated sleep and RHR thresholds l. 
In the first instance, parameters corresponding to the 
change in proportion xj,k,l of elevated RHR and sleep were 
of main interest, and compared with models omitting this 
term. Cross-correlation was used to evaluate 1-week lead 
(xj − 1,k,l) and 1-week lag (xj + 1,k,l) of the Fitbit data—ie, whether 
changes in Fitbit data occurred before or after corres
ponding changes in ILI rates. Pearson correlation (r) was 
used to compare predicted rates with CDC-reported ILI 
rates for time-matched, 1-week-lag, and 1-week-lead time 
periods. Additionally, we assessed correlation using only 
influenza-season data (week 40 up to week 20 the following 
year).

mabs,H1 : log(yj,k)=β0 + βp,k ⋅ pj–3,k + βx,k ⋅ xj,k,l + log(nj,k)   

log(yj,k)=β0 + βp,k ⋅ pj−3,k + βx,k ⋅ xj,k,l + log(nj,k)    

+ ∑βk ⋅ 1(k) + ∑βx*k [xj,k,l ⋅ 1(k)]
k k

mchange : pj,k*=β0 + βx ⋅ xj,k,l* 
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Model validation
We did a validation analysis, in which we used data from 
the first season (season 1: 2016 [week 11]–2017 [week 10]) 
for model training and data from the second season 
(season 2: 2017 [week 11]–2018 [week 9]) for model 
validation. Our validation analysis showed the addition of 
the Fitbit variable improved the correlations in all states 
except New York when using just one season of data. 
When season 2 data were used to predict ILI rates using 
the model fit with season 1 data, the Fitbit variable also 
improved correlations in all states except New York 
(appendix p 10).

We were limited to 2 years of Fitbit data, and therefore 
only had one season each for training and validation. 
Consequently, we found that New York, for which ILI 
cases were not reported during summer weeks in 2017 
(season 1), had the lowest correlations for the mabs,H0 and 
mabs,H1 models compared with the other states (appendix 
p 10). Additionally, since influenza can peak at different 
times from season to season, and it had much higher 
activity in the second season, especially in California 
and Illinois, the mabs,H0 model had lower Pearson 
correlations in season 2 than in season 1 in those states. 
However, overall correlations showed improvements 
with the addition of the Fitbit variable, and reduced 
error terms (root mean squared error and mean absolute 
percentage error), indicating a better overall fit when 
the Fitbit variable was added to the models (appendix p 9).

Role of the funding source 
The funder did not play any role in data collection, 
analysis, interpretation, writing of the manuscript, or 
decision to submit. JMR had access to all the data and 
was responsible for the decision to submit the 
manuscript. The US National Institutes of Health 
National Center for Advancing Translational Sciences 

grant UL1TR002550 supported part of the salary for SRS 
and EJT. Fitbit pulled the data with input from Scripps 
Research Translational Institute.

Results
We originally obtained more than 65 million measure
ments from 200 000 Fitbit users (figure 1). Among those, 
47 249 users totalling 13 342 651 daily measurements from 
five of the most populous states met inclusion criteria 
(figure 1). The mean age of included individuals was 
42·7 years (SD 14·6) and 28 465 (60·2%) were female 
(table 1). The number of Fitbit users grew during the 
study period, especially around January, 2017 (figure 2).

On average, users in the full dataset had an RHR of 
65·6 bpm (SD 8·4), slept 6·6 h (SD 1·9) per night, and 
wore their device for 22·5 h (1·6) daily (table 2). RHR and 
sleep and wear time among users in the final dataset did 
not vary substantially by state (table 2). SDs for RHR 
(range 0·2–18·3 bpm) and sleep time (24–336 min) varied 
considerably from individual to individual.

We tested varying levels of data abnormality depending 
on different RHR and sleep measurements. Our 
model 1 threshold definitions classified 531 648 (24·3%) 
of 2 186 559 weekly measurements as abnormal, whereas 
our model 2 definitions classified 245 060 (11·2%) 
measurements as abnormal. We found the highest 
correlation with CDC-reported ILI rates when using the 
model 1 thresholds—ie, defining abnormal Fitbit data as 
0·5 SD above a user’s average RHR combined with sleep 
more than 0·5 SD below the user’s average—and made it 
our final model (table 3). We also found that the addition 
of the sleep threshold improved our models slightly over 
ones that only incorporated RHR. We found that using an 
individual’s RHR SD from the entire study period, rather 
than using a constant value higher than their average, 
resulted in higher correlations. We also found that the 
proportion of participants with Fitbit data above the 
threshold was higher during the 2017–18 influenza season 
compared with the 2016–17 influenza season (figure 2).

In all states, the mabs,H1 models had significantly higher 
correlations with ILI rates than the baseline mabs,H0 models, 
with improvements in Pearson correlations ranging from 
6·3% (New York, model 1) to 32·9% (California, model 1), 
indicating that the Fitbit variable was a significant 
predictor of ILI (table 3, figure 3). The average increase in 
Pearson correlation was 0·12 (SD 0·07) over baseline. In 
general, prediction levels from the full mabs,H1 model 
were high, although more consistently for model 1, with 
California having the highest correlation (r = 0·97; 
p<0·0001) and New York the lowest (r = 0·89; p<0·0001; 
table 2). We found a significant interaction between the 
state variable and the Fitbit variable (p<0·0001) in our 
modified mabs model, indicating that the role of the Fitbit 
variable varied by state. We also tested the correlation for 
the same model but restricted to data from the influenza 
seasons only (ie, week 40 up to week 20 in the following 
year) and found similar correlations (table 4).

See Online for appendix

Figure 1: Study profile
RHR=resting heart rate.

200 000 assessed for eligibility, including 65 153 836 days of measurements

186 656 with 46 110 818 days of measurements included
 61 179 with 15 125 057 days of measurements in the top five states 
  (California, Texas, New York, Illinois, and Pennsylvania)

19 043 018 days of measurements excluded
 5 764 014 (8·8%) wear time <1000 min/day
 12 822 330 (19·7%) wear time missing
 13 500 109 (20·7%) RHR missing
 608 382 (0·9%) data from March 1–14, 2016

47 249 with 13 342 651 days of measurements included in the final dataset

1 782 406 days of measurements excluded
 1 102 760 (7·3%) with <4 RHR measurement days
 875 651 (5·8%) from individuals with <100 total RHR
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Top five states (n=47 249) California (n=13 632) Texas (n=12 399) New York (n=7872) Illinois (n=7132) Pennsylvania (n=6214)

Gender

Female 28 465 (60·2%) 8126 (60·0%) 7139 (57·6%) 4860 (61·7%) 4444 (62·3%) 3896 (62·7%)

Male 18 594 (39·4%) 5457 (40·0%) 5205 (42·0%) 3977 (37·8%) 2658 (37·3%) 2297 (37·0%)

Unknown 190 (0·4%) 49 (0·4%) 55 (0·4%) 35 (0·4%) 30 (0·4%) 21 (0·3%)

Age (years) 42·7 (14·6) 43·5 (14·9) 41·9 (14·1) 42·6 (14·8) 42·6 (14·6) 42·7 (14·8)

BMI

Underweight (<18·5 kg/m²) 585 (1·2%) 175 (1·3%) 144 (1·2%) 90 (1·1%) 98 (1·4%) 78 (1·3%)

Normal (18·5–24·9 kg/m²) 12 751 (27·0%) 4034 (29·6%) 3158 (25·5%) 2137 (27·2%) 1822 (25·6%) 1600 (25·8%)

Overweight (25·0–29·9 kg/m²) 17 064 (36·1%) 5010 (36·8%) 4500 (36·3%) 2890 (36·7%) 2481 (34·8%) 2183 (35·1%)

Obese (≥30·0 kg/m²) 16 849 (35·7%) 4413 (32·4%) 4597 (36·3%) 2755 (35·0%) 2731 (38·3%) 2353 (37·9%)

Data are n (%) or mean (SD). BMI=body-mass index. 

Table 1: Frequency of self-reported participant characteristics by state from March 15, 2016, to March 1, 2018 (n=47 249)

Figure 2: Percentage of participants with weekly data above threshold of the mnaive model (A) and average daily wear time against number of users (B)
Data are from March 15, 2016, to March 1, 2018. (A) Measurements from 144 360 users from all states were included. Measurements with missing wear time, wear time less than 1000 min/day or 
missing RHR were excluded, as well as weeks with fewer than four RHR measurements and users with less than 100 total RHR measurements. Model 1 thresholds were used: participants were over the 
threshold for any given week if they had a sleep time that was greater than 0·5 SD below their overall average and an RHR that was 0·5 SD above their overall average. (B) Measurements from 
186 656 users from all states were included. Measurements with missing wear time, wear time less than 1000 min/day, and missing RHR were excluded for this analysis. The sharp downwards spike in 
wear time in March, 2017, is the result of daylight saving time. RHR=resting heart rate.

A

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 97531 7 953111 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

2016
Week

2017 2018

0

5

10

15

20

25

30

35

40

45

Pe
rc

en
ta

ge
 o

f p
ar

tic
ip

an
ts

 o
ve

r t
hr

es
ho

ld

B

March April May June July Aug Sept Oct Nov Dec Jan AprilMarchFeb MarchMay June July Aug Sept Oct Nov Dec Jan Feb

2016
Month

2017 2018

0

20

40

60

80

100

120

N
um

be
r o

f p
ar

tic
ip

an
ts

 (t
ho

us
an

ds
)

W
ear tim

e (h)

21·2

21·4

21·6

21·8

22·0

22·2

22·4

22·6

22·8

23·0

21·0

Number of participants
Wear time (h)

103



Articles

e90	 www.thelancet.com/digital-health   Vol 2   February 2020

When modelling the change in ILI rates from one 
week to the next, the mchange models mostly showed 
statistical association with proportions of elevated 
weekly RHR and abnormal sleep across all states, for 
either the time-matched or lagged data, at either RHR 
threshold (table 3). Inspection of the cross-correlation 
between fitted and observed models showed the Fitbit 
data generally did not lead the ILI rate data—that is, 
changes in Fitbit data were not observed before changes 
in ILI rate data. Instead, it was more common that 
Fitbit changes occurred in the week of changes in ILI 
rates (time matched) or in the following week (1-week 
lag). This implies that the changes in Fitbit data 
occur during or after the changes in ILI rates, and 
are therefore less predictive at forecasting future ILI 
events.

Discussion
Improved characterisation of an individual’s average 
values through wearable sensors will allow us to better 
identify deviations that could indicate the incidence of 
acute disease states, such as cold and influenza infections. 
To our knowledge, this is the first study to evaluate the 
use of RHR and sleep data in a large population to predict 
real-time ILI rates at the state level. We saw significant 
improvements in our ability to predict influenza when 
incorporating the proportion of users with abnormal 
sleep and RHR values in our full mabs,H1 model and in our 
mchange model, as well as reduced prediction errors 
(appendix p 9). Currently, CDC ILI data are typically 
reported 1–3 weeks late and reported numbers are often 
revised months later. The ability to harness wearable 
device data at a large scale might help to improve 
objective, real-time estimates of ILI rates at a more local 
level, giving public health responders the ability to act 
quickly and precisely on suspected outbreaks.

When someone is unwell, their RHR increases, their 
total sleep is likely to increase, and their activity is likely 
to decline. However, an elevated amount of sleep or 
elevated RHR for one person might be a normal level 
for someone else. Consequently, tracking an individual’s 
physiological changes over time and comparing their 
values over time to their individual norm or average 
could be a means of identifying assaults to their health. 
Our findings also supported the benefit of using 
individual health metrics: in our models, we found 
higher correlations from our predicted values with CDC 
ILI rates when we used an individual’s SD above normal 
to identify abnormal values instead of using the same 
value above average across the entire population.

The impact of infections on an individual’s RHR has 
been documented in several studies. One study found ill 
participants had RHRs that were elevated by 2·02–4·66 SD 
above their normal measurements.16 A study that 
examined 27 young men with acute febrile infections 
found that heart rates increased by 8·5 bpm per every 1°C 
increase in temperature.11 Similarly, a study among 
children with acute infections found that heart rate rose 
by 9·9–14·1 bpm for every 1°C increase in temperature, 
with higher increases in younger children.17 These studies 
indicate that infections can increase heart rate, probably 
due to increased body temperature and inflammatory 
responses as the body fights off an infection.

Our mchange models were better at predicting change 
with a 1-week lag compared with a 1-week lead. It is 
possible that an ILI infection results in an elevated RHR 
for several weeks after initial infection. Previous studies 
have also indicated that an elevated heart rate can 
occur before symptom onset.16 Since influenza has an 
incubation period of 1–4 days, there is only a short 
opportunity to identify infections before symptom onset. 
However, since individuals with febrile respiratory illness 
typically seek care 3–8 days after symptom onset,18 it is 
conceivable that ILI cases could be identified via sensor 

Users Total 
measurements

Mean resting 
heart rate, bpm

Mean sleep 
time, h

Mean wear 
time, h

USA* 200 000 46 110 818 65·6 (8·4) 6·6 (1·9) 22·5 (1·6)

California 13 632 616 646 65·3 (7·6) 6·5 (0·9) 22·4 (0·7)

Texas 12 399 591 431 65·9 (7·8) 6·6 (0·8) 22·4 (0·6)

New York 7872 351 768 65·5 (7·7) 6·6 (0·9) 22·4 (0·7)

Illinois 7132 340 347 66·1 (7·8) 6·6 (0·9) 22·5 (0·6)

Pennsylvania 6214 286 257 66·0 (7·9) 6·6 (0·9) 22·4 (0·7)

Data are n or mean (SD). State data show population averages of individuals’ mean resting heart rate, sleep time, 
and wear time during entire study period, using data from the final dataset. bpm=beats per min. *Full dataset 
(before exclusions). Measurements taken from March 15, 2016, to March 1, 2018.

Table 2: Number of measurements and average resting heart rate, sleep time, and wear time for full 
dataset and top five states

Negative binomial model predicting ILI 
case counts

Linear regression model predicting 
weekly change in ILI rates

mnaive mabs,H0 mabs,H1 p value* mchange mchange  
(1-week lag)

mchange

(1-week lead)

Model 1 (lower RHR threshold)

California 0·92 0·73 0·97 <0·0001 0·62† 0·31† 0·32†

Texas 0·77 0·84 0·92 <0·0001 0·24† 0·22† 0·10

New York 0·33 0·79 0·84 <0·0001 0·15 0·20† −0·05

Illinois 0·72 0·80 0·92 <0·0001 0·35† 0·34† 0·16

Pennsylvania 0·48 0·78 0·89 <0·0001 0·27† 0·16 −0·11

Model 2 (higher RHR threshold)

California 0·90 0·73 0·96 <0·0001 0·66† 0·36† 0·28†

Texas 0·73 0·84 0·90 <0·0001 0·19 0·24† 0·04

New York 0·30 0·79 0·82 <0·0001 0·11 0·19† −0·06

Illinois 0·70 0·80 0·90 <0·0001 0·35† 0·42† 0·08

Pennsylvania 0·42 0·78 0·88 <0·0001 0·23† 0·24† −0·14

Individuals were classified as having a week with abnormal Fitbit data if their weekly average exceeded a given 
threshold: a sleep time that was longer than 0·5 SD below their overall average and an RHR that was either 0·5 SD 
(model 1) or 1·0 SD (model 2) above their overall average. Naive models included just Fitbit data. H0 models assumed 
the ILI case count was not affected by the proportion of users with abnormal Fitbit data, whereas H1 models assumed 
that it was. CDC=US Centers for Disease Control and Prevention. ILI=influenza-like illness.RHR=resting heart rate. 
*p value comparing H0 to H1 models. †Pearson correlations were significant (p<0·05).

Table 3: Pearson correlations comparing CDC ILI rates with predicted rates in naive, null, and full negative 
binomial models and comparing change in CDC ILI rates with change in Fitbit data with a 1-week lag and 
a 1-week lead
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data earlier than through traditional, clinic-based ILI 
surveillance. Early identification via our method might 
be more likely if rates were predicted at a daily, rather 
than weekly, rate.

Lack of sleep can be a marker of stress, which can also 
raise RHR. In our study, users were considered to have 
normal sleep values if their weekly sleep average was less 
than 0·5 SD below their overall sleep average, as nights 
of short sleep duration have been shown to result in 
elevated heart rate the following day.19,20 We found that 
our correlations improved slightly when we classified 
people as displaying normal values when they had 

low sleep. In the future, improved measurements of 
stress by wearable devices, either by detection of voice 
changes or galvanic skin response, could further improve 
our ability to identify other non-infectious causes of 
elevated RHR.

Previous models to predict ILI rates have mainly 
used International Classification of Diseases codes,21 
ILInet (CDC’s influenza database), Twitter, Google Flu 
Trends, Wikipedia, weather, crowd-sourced data, and 
school vacation schedule data.22 However, Twitter, Google 
Flu Trends, Wikipedia, and self-reported crowd-sourced 
data—and even ILInet—are all affected by outside factors 

Figure 3: Weekly CDC ILI rates, predicted ILI rates from the baseline mabs,H0 model, and predicted rates and 95% CIs for the mabs,H1 model, by state
Model 1 is used, with the lower heart rate cutoff. Data are from March 16, 2016, to March 1, 2018. CDC=Centers for Disease Control and Prevention. ILI=influenza-like illness. 
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such as media coverage of the influenza, with more of 
the so-called worried well seeking care or searching for 
information about influenza during epidemic periods. 
Use of sensor-based data would offer the first objective 
and real-time measurement of illness in a population 
that could potentially reduce the effect of overestimation 
during epidemics

By incorporating Fitbit data, we were able to improve 
ILI predictions at the state level. The predicted values 
from our mnaive model that just used the Fitbit variable 
with no lag indicate that this sensor-based method could 
potentially be useful on its own in local regions where ILI 
surveillance data might not be available. With greater 
volumes of data to analyse, this sensor-based surveillance 
method could be applied to more geographically refined 
areas in the future, such as county-level or city-level data.

Variation in individual characteristics can affect illness 
risk and physiological response to illness. In general, 
owners of wearable devices are usually wealthier than the 
general population, potentially making them less likely 
to have comorbidities that could make them more 
susceptible to severe infections. Additionally, these users 
might be more likely to get influenza vaccines or receive 
antivirals or other medications if they do get sick, which 
could reduce disease severity. A study that administered 
intravenous acetaminophen to critically ill febrile patients 
found that it significantly reduced their heart rate after 
2 h.23 Individuals with comorbidities, as well as young 
children and people older than 65 years, typically have 
more severe responses to influenza infections24,25 and 
could have higher heart rate responses. In the future, 
understanding the role of individual characteristics such 
as age, comorbidities, obesity, and sex on abnormal values 
will be important for improving ILI prediction using this 
method.

It is likely that non-influenza or even non-respiratory 
infections are also captured by our Fitbit variable, which 
predominately relies on elevated RHR. It is possible that 

different infections, or even different influenza strains, 
could result in different physiological responses, with 
varying changes of heart rate or length of elevation. 
For example, H3N2 typically causes more severe 
illness24,25 than other strains. Like the CDC, which 
identified higher rates of ILI for 2017–18, we also saw 
higher peaks of the proportion of users with elevated 
Fitbit data during this influenza season compared with 
the previous year. It is also possible that our algorithm 
could pick up less severe infections that would not 
necessarily be captured by traditional ILI surveillance, 
which requires a visit to a health-care provider. Future 
work to better understand typical heart rate responses to 
specific viral or bacterial infections or even different 
influenza subtypes could improve our ability to track 
infections.

Additionally, there are external factors, other than 
illness, that could influence a person’s RHR and sleep. 
It is possible that our model is capturing some seasonal 
trends in RHR from changes in activity, holidays, or 
weather, rather than changes that result from just 
influenza or cold infections. Winter holidays have been 
associated with changes in weight gain,26 social mixing, 
increases in health-care seeking, differences in surveil
lance reporting,27 and potentially changes in alcohol 
consumption and stress. These factors could increase 
susceptibility to infection and can also affect ILI 
surveillance. A study found that RHR is higher at very 
cold or hot temperatures28 and heart rate can also be 
elevated when someone is dehydrated, which could be 
more likely to happen during certain seasons. Additionally, 
people might be less active during colder, winter months, 
resulting in deconditioning and increased heart rate. 
Future prospective studies should attempt to measure and 
adjust for these external variables and link individual 
Fitbit data to reported symptoms or laboratory influenza 
confirmation.

Our data had several limitations, including no activity 
data, which is typically collected by Fitbit devices. 
An activity variable could have improved the predictive 
ability of our models by allowing us to control for seasonal 
fitness changes or more short-term activity changes that 
could result from an illness. Another limitation is that our 
weekly RHR averages might include both days when an 
individual is sick and days when they are not sick, and 
therefore might be calculated using both normal and 
abnormal RHR and sleep measurements. Consequently, 
this could result in underestimation of illness by lowering 
the weekly averages. Additionally, sleep measuring devices 
have been found to have low accuracy.29 However, accuracy 
of devices will continue to improve as technology evolves.

Every year, up to 650 000 people die from influenza, 
globally.30 Quick detection of increases in ILI, indicating 
potential influenza epidemics, is key to early initiation of 
important non-pharmaceutical (eg, staying home when 
sick or handwashing) and pharmaceutical interventions 
(deploying antivirals and vaccines) that can help to prevent 

Negative binomial model predicting ILI 
case counts

Linear regression model predicting 
weekly change in ILI rates

mnaive mabs,H0 mabs,H1 p value* mchange mchange 
(1-week lag)

mchange

(1-week lead)

California 0·91 0·61 0·97 <0·0001 0·71† 0·32† 0·33†

Texas 0·72 0·79 0·89 <0·0001 0·27† 0·20 0·11

New York 0·31 0·71 0·79 <0·0001 0·15 0·21 −0·07

Illinois 0·61 0·71 0·88 <0·0001 0·42† 0·37† 0·13

Pennsylvania 0·34 0·71 0·85 <0·0001 0·29† 0·16 −0·11

Influenza season is defined as week 40 to week 20 in the following year. Individuals were classified as having a week 
with abnormal Fitbit data if their weekly average exceeded a given threshold: a sleep time that was longer than 0·5 SD 
below their overall average and an RHR that was 0·5 SD (model 1) above their overall average. Naive models included 
just Fitbit data. H0 models assumed the ILI case count was not affected by the proportion of users with abnormal Fitbit 
data, whereas H1 models assumed that it was. CDC=US Centers for Disease Control and Prevention. ILI=influenza-like 
illness. RHR=resting heart rate. *p value comparing H0 to H1 models. †Pearson correlations were significant (p<0·05).

Table 4: Pearson correlations from model 1 restricted to influenza season only comparing CDC ILI rates 
with predicted rates in naive, null, and full negative binomial models and comparing change in CDC ILI 
rates with change in Fitbit data with a 1-week lag and a 1-week lead
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further spread and infection in the most susceptible 
populations. This study shows that using RHR and other 
metrics from wearables has the potential to improve real-
time ILI surveillance. New wearables that include 
continuous sensors for temperature, blood pressure, 
pulse oximetry, ECG, or even cough recognition31,32 are 
likely to further improve our ability to identify population 
and even individual-level influenza activity. In the future, 
with access to real-time data from these devices, it might 
be possible to identify ILI rates on a daily, instead of 
weekly, basis, providing even more timely surveillance. As 
these devices become more ubiquitous, this sensor-based 
surveillance technique could even be applied at a more 
global level where surveillance sites and laboratories are 
not always available.
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ABSTRACT  

Traditional screening for COVID-19 typically includes survey questions about symptoms, travel 

history, and sometimes temperature measurements. We explored whether longitudinal, personal 

sensor data can help identify subtle changes which may indicate an infection, such as COVID-

19.  To do this we developed an app that collects smartwatch and activity tracker data, as well as 

self-reported symptoms and diagnostic testing results from participants living in the US. We 

assessed whether symptoms and sensor data could differentiate COVID-19 positive versus 

negative cases in symptomatic individuals. Between March 25 and June 7, 2020, we enrolled 

30,529 participants, of whom 3,811 reported symptoms, 54 reported testing positive for COVID-

19, and 279 negative. We found that a combination of symptom and sensor data resulted in an 

AUC=0.80 [0.73 – 0.86] which was significantly better (p < 0.01) than a model which just 

considered symptoms alone (AUC=0.71 [0.63 – 0.79]) in the discrimination between 

symptomatic individuals positive or negative for COVID-19.  Such orthogonal, continuous, 

passively captured data may be complementary to virus testing that is generally a one-off, or 

infrequent, sampling assay.  
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INTRODUCTION 

Due to the current lack of fast and reliable testing, one of the greatest challenges for preventing 

transmission of SARS-CoV-2 is the ability to quickly identify, trace, and isolate cases before 

they can further spread the infection to susceptible individuals.  As regions across the U.S. start 

implementing measures to reopen businesses, schools, and other activities, many rely on current 

screening practices for COVID-19, which typically include a combination of symptom and 

travel-related survey questions and temperature measurements. However, this method is likely to 

miss pre-symptomatic or asymptomatic cases, which make up approximately 40% to 45% of 

those infected with SARS-CoV-2, and who can still be infectious.1,2  An elevated temperature 

(>100 degrees Fahrenheit) is not as common as frequently believed, being present in only 12% of 

individuals who tested positive for COVID-19,3 and just 31% of hospitalized COVID-19 patients 

at the time of admission.4  

Smartwatches and activity trackers, which are now worn by 1 in 5 Americans,5 can improve our 

ability to objectively characterize each individual’s unique baseline for resting heart rate,6 sleep,7 

and activity and therefore can be used to identify subtle changes in that users data which may 

indicate that they are coming down with a viral illness. Previous research from our group has 

shown that this method, when aggregated at the population level, can significantly improve real-

time predictions for influenza-like illness.8  Consequently, we created a prospective app-based 

research platform, called DETECT (Digital Engagement & Tracking for Early Control, & 

Treatment), where individuals can share their sensor data, self-reported symptoms, diagnoses, 

and electronic health record data with the aim of improving our ability to identify and track 

individual and population level viral illnesses, including COVID-19.   

All rights reserved. No reuse allowed without permission. 
was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprint (whichthis version posted July 7, 2020. .https://doi.org/10.1101/2020.07.06.20141333doi: medRxiv preprint 

110

https://doi.org/10.1101/2020.07.06.20141333


4 
	

A previously reported study that captured symptom data in over 18,000 SARS-CoV-2 tested 

individuals via a smartphone-based app found that symptoms were able to help distinguish 

between individuals with and without COVID-19.2 The aim of this study is to investigate if the 

addition of individual changes in sensor data to symptom data can be used to improve our ability 

to identify COVID-19 positive versus COVID-19 negative cases among participants who self-

reported symptoms.   

 

METHODS 

Study population 

Any person living in the United States over the age of 18 years old is eligible to participate in the 

DETECT study by downloading the iOS or Android research app, MyDataHelps. After 

consenting into the study, participants are asked to share their personal device data (including 

historical data collected prior to enrollment), report symptoms and diagnostic test results, and 

connect their electronic health records.  Participants can opt to share as much or as little data as 

they would like. Data can be pulled in via direct API with Fitbit devices, and any device 

connected through Apple HealthKit or GoogleFit data aggregators. Participants were recruited 

via the study website (www.detectstudy.org), media reports, and outreach from our partners at 

Fitbit, Walgreens, CVS/Aetna, and others. 

Between March 25, 2020 and June 7, 2020, our research study enrolled 30,529 individuals with 

representation from every state in the United States. Among the consented individuals, 62.0% are 

female and 12.8% are 65 or more years old. 78.4% of participants connected their Fitbit device 

to the study-app, 31.2% connected the data from Apple Health Kit while 8.1% connected data 

from Google Fit (note that one individual can connect to multiple platforms). In addition, 3,811 
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reported at least one symptom (12.5%), and of those 54 also reported testing positive for 

COVID-19, and 279 reported testing negative for COVID-19. The number of days per different 

data types and data aggregator system is presented in Table 1, while the symptoms distribution 

for symptomatic individuals tested for COVID-19, or not tested is shown in Figure 1.  

Ethical Considerations 

The protocol for this study was reviewed and approved by the Scripps Office for the Protection 

of Research Subjects. All individuals participating in the study provided informed consent 

electronically.  

Statistical Analysis 

Only participants with self-reported symptoms and COVID-19 test results were considered in 

this analysis. For each participant, two sets of data were extracted: the baseline data, which 

included signals spanning from 21 to 7 days before the reported start date of symptoms, and the 

test data, which included signals beginning the first date of symptoms to 7 days after symptoms. 

Three types of data were considered from personal sensors: daily resting heart rate (DailyRHR), 

sleep duration in minutes (DailySleep) and activity based on daily total step count 

(DailyActivity). The daily resting heart rate is calculated by the specific device.35 The total 

amount of sleep for a given day was based on the total period of sleep between 12 noon of the 

current day to 12 noon of the next day. When multiple devices from the same individual provide 

the same information, Fitbit device data was prioritized for consistency.  Overlapping data were 

combined minute by minute, before aggregating for the whole day.  

A single baseline value per individual was extracted for each data type by considering the  

median value over the individual’s baseline data. This value is representative of a participant’s 
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“normal” before the reported symptoms. The baseline value was compared to the test data as 

follows: 

!"!#$%&'( = *+,(.+'/0!"![%$2%	4+%+]) − *$4'+8(.+'/0!"![9+2$/'8$	4+%+])
4.00  

=/$$>#$%&'( = 	*$+8(.+'/0=/$$>[%$2%	4+%+]) − *$4'+8(.+'/0=/$$>[9+2$/'8$	4+%+])56.06  

A(%'B'%0#$%&'( = 	*$+8(.+'/0A(%'B'%0[%$2%	4+%+]) − *$4'+8(.+'/0A(%'B'%0[9+2$/'8$	4+%+])2489.85  

Values were normalized to have a unitary interquartile range using normalization parameters 

calculated on all data recorded. For all these metrics, values close to zero indicate small 

variations from baseline values. 

For the metric based on symptoms only, we adapted the results from the study by Menni et al.2 to 

our available data: 

=0*>%F*#$%&'(

= 	−1.32 − (0.01 ∗ +J$) + L0.44 ∗ J$84$&	(*+/$ = 1; N$*+/$ = 0)O

+ (1.75 ∗ .$(&$+2$Q8R+2%$=*$//) + (0.31 ∗ SFTJℎ) + (0.49 ∗ V+%'JT$) 

A simple manual metric aggregation strategy without optimization was used to enable a clear 

understanding of the benefits provided when data from multiple sources were considered 

together. The aggregated metrics were: 

=$82F&#$%&'( = !"!#$%&'(	/	10 + =/$$>#$%&'( − A(%'B'%0#$%&'(	 
XB$&+//#$%&'( = =$82F&#$%&'( + 	=0*>%F*#$%&'(	 

The main outcomes are receiver operating characteristic (ROC) curves for each of the proposed 

metrics. The curves are obtained by considering a binary classification task between participants 

self-reported as COVID-19 positive and negative. Confidence intervals, reported with a 

confidence level of 95%, are estimated using bootstrap method by repeatedly sampling the 
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dataset with replacement. The sampling is performed in a stratified manner, i.e., the balance of 

the classes is maintained over all experiments. Values for sensitivity (SE), specificity (SP), 

positive predictive value (PPV) and negative predictive value (NPV) were also calculated 

(Figure 2). These values are based on the point in the ROC with the optimal trade-off between 

sensitivity and specificity, which may vary depending on the shape of the curve. For each metric 

analyzed, we applied the Mann-Whitney U test to investigate the statistical difference among 

positive and negative class values and we reported the p-value. The comparison metric to assess 

the overall performance was the area under curve (AUC) of the ROC. 

 

RESULTS 

The symptoms distribution for symptomatic individuals tested for COVID-19, or not tested is 

shown in Figure 1. 

Sensor Data 

A minority of symptomatic participants (30.3%) who tested for COVID-19 had an RHR greater 

than 2 standard deviations above the average baseline value during symptoms. Change in RHR 

on its own (Table 1) did not allow for significant discrimination between COVID-19 positive and 

negative subjects using the RHRMetric (AUC of 0.52 [0.41 – 0.64]). (Figure 2a) 

Sleep and activity did show a significant difference among the two groups, (Table 1) with an 

AUC of 0.68 [0.57 – 0.79] for the SleepMetric (Figure 2.b) and 0.69 [0.61 – 0.77] for the 

ActivityMetric (Figure 2.c), supporting that the sleep and activity of COVID-19 positive 

participants were impacted significantly more than COVID-19 negative participants. Sleep and 

activity are slightly correlated, with a negative correlation coefficient of -0.28, p-value < 0.01.  
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To evaluate the contribution of all the data type commonly available through personal devices, 

we combined the RHR, sleep, and activity metrics in a single metric (SensorMetric, Figure 2.d). 

This improved the overall performance from the three sensor metrics to an AUC of 0.72 [0.64 – 

0.80].  

Symptom Data 

We also considered a model only based on self-reported symptoms (SymptomMetric, Figure 

2.e), along with age and sex. With respect to the previously published model,2 we measure a 

slightly lower AUC of 0.71 [0.63 – 0.79].  

Combined Symptoms & Sensor Data 

When participant-reported symptoms and sensor metrics are jointly considered in the analysis 

(OverallMetric, Figure 2.f), the achieved performance was significantly improved (p < 0.01), 

relative to either alone, with an AUC of 0.80 [0.73 – 0.86]. 

 

DISCUSSION 

Our results show that individual changes in physiologic measures captured by most 

smartwatches and activity trackers are able to significantly improve the distinction between 

symptomatic individuals with and without a diagnosis of COVID-19 beyond just symptoms 

alone.  While encouraging, these results are based on a relatively small sample of participants.  

This work builds on our earlier retrospective analysis demonstrating the potential for consumer 

sensors to identify individuals with influenza-like illness, which has subsequently been replicated 

in a similar analysis of over 1.3 million wearable users in China for predicting COVID-19.8,9 In 

response to the COVID-19 pandemic a number of prospective studies, led by device 
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manufacturers and/or academic institutions, including DETECT, accelerated deployment to 

allow interested individuals to voluntarily share their sensor and clinical data to help address the 

global crisis.10-14 The largest of these efforts, Corona-Datenspende, was developed by the Robert 

Koch Institut in Germany and has enrolled over 500,000 volunteers.15   

As different individuals experience a wide range of symptomatic and biologic responses to 

infection with SARS-CoV-2, it is likely that their measurable physiologic changes will also 

vary.16-18  For that reason, it is possible that biometric changes may be more valuable in 

identifying those at highest risk for decompensation rather than just a dichotomous distinction in 

infection status.  Due to limited testing in the United States, especially early in the spread of the 

COVID-19 pandemic, individuals with more severe symptoms may have been more likely to be 

tested. Consequently, the ability to differentiate between COVID-19 positive and negative cases 

based on symptoms and sensor data may change over time as testing increases, and as other 

upper respiratory illnesses such as seasonal influenza increase this fall.   

The early identification of symptomatic and pre-symptomatic infected individuals would be 

especially valuable as transmission is common and people may potentially be even more 

infectious during this period.19-21  Even when individuals have no symptoms, there is evidence 

that the majority have lung injury by CT scan, and a large number have abnormalities in 

inflammatory markers, blood cell counts and liver enzymes.18,22-24 As the depth and diversity of 

data types from personal sensors continues to expand—such as heart rate variability (HRV), 

respiratory rate, temperature, oxygen saturation, and even continuous blood pressure, cardiac 

output and systemic vascular resistance—the ability to detect subtle individual changes in 

response to early infectious insults will potentially improve and enable the identification of 

individuals without symptoms.  
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In the past, the normality of a specific biometric parameter, such as resting heart rate, duration of 

nightly sleep, and daily activity, was based on population norms.  For example, a normal RHR is 

generally considered anything between ~60-100 BPM. However, recent work looking at 

individual daily RHRs over two years found that each person has a relatively consistent RHR, for 

them, that fluctuates by a median of only 3 BPM weekly.6 On the other hand, what would be 

considered normal RHR for an individual can vary by as much as 70 BPM (between 40 and 109 

BPM) between individuals.  The potential value in identifying important changes in an 

individual’s RHR as an early marker for COVID-19 infection is suggested by the description of 

5,700 hospitalized COVID-19 patients.4 At the time of admission, a greater percentage of 

individuals had a heart rate of >100 BPM (43.1%) than had a fever (30.7%). Similarly, work in 

primate models of other viral and bacterial infections found that a significant increase in heart 

rate can be detected ~2 days prior to a fever. 25 

Just as individuals have heart rate patterns that are unique to them, the same is true for sleep 

patterns. While population norms for sleep duration have been defined by one-time survey 

data,26 longitudinal analysis of daily sleep over several years support much greater variation in 

what is normal for a specific individual.7 Recognizing what is normal for an individual enables 

much earlier detection of deviations from that normal.   

A strategy of test, trace and isolate has played a central role in helping control the spread of 

COVID-19.  However, testing comes with many challenges including the enormous logistical 

and cost hurdles of recurrently testing asymptomatic individuals. In addition, testing in a 

population with very low prevalence can lead to a high proportion of false positive cases. A 

refined predictive model, based on personal sensors, could potentially enable an early, 

individualized testing strategy to improve performance and lower costs. Early testing may make 
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the use of a contact tracing app more effective by identifying positive cases in advance and 

allowing for early isolation.  

DETECT, and similar studies, also represents the transitioning of research from  a dependence 

on brick and mortar research centers to a remote, direct-to-participant approach now possible 

through a range of digital technologies, including an ever-expanding collection of sensors, 

applications of machine learning to massive data sets, and the ubiquitous connectivity that 

enables rapid 2-way communications 24/7.27,28 The promise of digital technologies is that their 

evolution will continue to bring us closer to identifying the best combination of measures and 

associated algorithms that identify infection with SARS-CoV-2 or other pathogens. However, it 

is equally critical to develop and continuously improve on an engaging digital platform that 

provides value to participants and researchers. This has proven to be extremely challenging with 

a recent analysis of 8 different digital research programs involving 100,000 participants have a 

median duration of retention of only 5.5 days.29  Digital trials such as DETECT also do come 

with unique challenges to assure privacy and security, which can only be dealt with by 

effectively informing participants before consent, storing the data with the needed level of 

security and providing access to the data only for research purposes.30  App-based contact 

tracing, which is not part of DETECT, is an especially sensitive and ethically complicated use of 

digital technology that can be used to address the pandemic.31 

Limitations 

Our analyses are dependent entirely on participant-reported symptoms and testing results, as well 

as the biometric data from their personal devices. Although this is not consistent with the 

historically more common direct collection of information in a controlled lab setting or via 

electronic health records, previous work has confirmed their value and their accuracy beyond 
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data routinely captured during routine care.32-34 Additionally, individuals owning a smartwatch 

or activity tracker and having access to COVID-19 diagnostic testing may not be fully 

representative of the general population. Finally, in the early version of the DETECT app we 

were not able to track the duration or trajectory of individual symptoms, care received and 

eventual outcomes.  

Conclusion 

These preliminary results suggest that sensor data can incrementally improve symptom-only 

based models to differentiate between COVID-19 positive and negative symptomatic 

individuals, which has the potential to enhance our ability to identify a cluster before more 

spread occurs.  Such orthogonal, continuous, passively captured data may be complementary to 

virus testing that is generally a one-off, or infrequent, sampling assay. 
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 Total Any symptom COVID-19 

positive 
COVID-19 

negative P-value 

Demographic Data 

Number of 
participants 30529 3811 54 279 - 

Female [%] 62.0% 74.2% 79.6% 71.3% 0.65 

Over 65 [%] 12.8% 5.7% 1.9% 7.5% 0.22 

Fitbit Users [%] 78.4% 86.7% 85.2% 84.9% 1.00 

Apple Users [%] 31.2% 32.0% 38.9% 33.7% 0.66 

Sensor Data 

Available days 
(IQR)      

 RHR  322 
(131-387) 

325 
(153-396) 

312 
(98-377) 

300 
(119-392) 

0.70 

 Sleep  249 
(48-373) 

273 
(105-383) 

283 
(52-362) 

246 
(70-375) 

0.56 

 Activity  394 
(370-412) 

407 
(379-415) 

404 
(375-410) 

401 
(374-413) 

0.57 

Mean Change (SD)      

 RHR (bpm) ~ 0  
(2.84 ) 

0.40  
(3.18 ) 

1.15  
(4.83 ) 

0.61  
(3.68 ) 

0.33 

 Sleep (min) ~ 0  
(54 ) 

3  
(59 ) 

57  
(92 ) 

4  
(68 ) 

< 0.01 

 Activity (steps) 52  
(2659 ) 

-323  
(2771 ) 

-3533  
(4418 ) 

-208  
(3086 ) 

< 0.01 

Table 1: Participants characteristics and device usage 

Summary of the collected data and demographic information about the cohort. Available days 

are specified for each data type, with median and interquartile range (IQR) values. Changes in 

RHR, Steps, and Sleep from baseline (-21 to 7 days) to symptomatic period (0-7 days) are 

reported, where for individuals with no symptoms we consider March 6, 2020 as the day 0. p-

values are evaluated comparing COVID-19 positive and negative groups. 
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Figure 1: Frequency of symptoms among participants. 

Participants who reported at least one symptom have been divided into 3 cohorts: participants 

negative and positive to a COVID-19 test, and participants who did not undergo a test for 

COVID-19. The frequency of each specific symptom is reported in the figures for the three 

cohorts. Symptoms with significant difference between COVID-19 positive and negative 

participants (p-value < 0.05 of Fisher’s exact test) are marked with an asterisk in the figure. 
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(a)               (b)  

(c)               (d)  

(e)               (f)  

Figure 2: Prediction of COVID-19 from self-reported symptoms and sensor data. 
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ROC for the discrimination between COVID-19 positive and COVID-19 negative based on the 

available data: resting heart rate data (a); sleep data (b); activity data (c); all available sensor data 

(d); symptoms only (e); and symptoms with sensor data (f). 
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Geriatrics 2030: Developing 
Drugs to Care for Older 
Persons—A Neglected and 
Growing Population
S.W. Johnny Lau1,*, Jan-Frederik Schlender2, Patricia W. Slattum3, 
Donald L. Heald4 and Robin O'Connor-Semmes5

The global population aged 60 years or above numbered 962 million 
in 2017, more than double that as in 1980. The number of older 
persons is expected to double again by 2050. There are pressing 
needs to develop more patient-centric pharmacotherapy for these 
older persons. In this commentary, we discuss the application of 
clinical pharmacology principles to care, regulatory considerations 
in drug development, and quantitative approaches to streamline 
pharmacotherapy for this age group.

BACKGROUND
Many factors contribute to the population 
health outcomes of length and quality of 
life. Medications are one intervention to 
improve health outcomes. We are increas-
ingly applying medication interventions 
to a growing aging population worldwide 
(Figure 1).1 Three-quarters of Americans 
aged 65 years and above have multiple 
chronic health conditions,2 which often 
leads to polypharmacy, increased risk of ad-
verse drug events, and functional decline. 
To put a face on the challenges of provid-
ing optimal drug therapy for older persons, 
consider the case of Ms. S (Figure 2a).

APPLYING CLINICAL PHARMACOLOGY 
PRINCIPLES TO IMPROVE CARE FOR 
OLDER PERSONS
In the current clinical pharmacology par-
adigm framing optimal dosing around 
understanding sources of variability in 
pharmacokinetics and pharmacodynam-
ics, aging is operationalized as chrono-
logical age. We study chronological age 
independent of chronic disease by studying 
the healthiest aging individuals. “Older 
person” has traditionally been defined as a 
person aged 65 years and above. Increasing 
chronological age is a risk factor for multi-
morbidity, functional impairment, frailty, 

and mortality. Thus, older ages may be 
more appropriate as inclusion criteria 
in clinical trials to represent a vulnera-
ble age-defined cohort. A high degree of 
heterogeneity exists in the aging process, 
which has led to the idea of considering a 
biological or physiological age rather than 
a chronological age to quantify or describe 
aging. However, to date, no ideal bio-
marker has emerged.

Information on age-related differences 
in pharmacokinetics has been incorporated 
into product labeling to improve prescrib-
ing for older adults. Less is known about 
differences in exposure–response relation-
ships with aging and the interactions among 
aging, multimorbidity, functional decline, 
frailty, and polypharmacy. Prescribers are 
charged with assessing potential risks and 
benefits of adding medications to the older 
person’s regimen when there is often sparse 
evidence to support these decisions. Tools, 
such as the American Geriatrics Society 
Beers Criteria, help improve medication 
safety for older persons considering co-
morbidity, renal function, and drug inter-
actions.3 However, these evidence-based 
recommendations are not always available 
in product labeling. Holmes described 
a theoretical framework for prescribing 
in patients with reduced life expectancy 
that considers remaining life expectancy, 
patient’s goals of care, and whether these 
factors are aligned with the treatment tar-
get as well as time-until-benefit for the 
medication.4 To identify medications that 
should be started (at certain doses) or dis-
continued requires treatment-specific in-
formation, including likelihood of benefit, 
the time needed to achieve benefit, and the 
risk of harm in older persons with multi-
morbidity and/or functional decline. Risk 
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Figure 1  Number of persons aged 60–79 years and aged 80 years or over for the world and development groups, 1980, 2017, 2030, and 
2050. From World Population Ageing 2017, by Department of Economic and Social Affairs, Population Division, (2017) United Nations. 
Reprinted with the permission of the United Nations.

Figure 2  A case study illustrating the complexity of prescribing, optimal dosing, and deprescribing in older individuals with multimorbidity (a) 
and (b) quantitative methods to aid dose selection among the complex interplay of factors for older person's pharmacotherapy.
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for medication harms, such as drug-in-
duced cognitive impairment and falls that 
are particularly relevant to the quality of 
life of older persons, should be more for-
mally assessed and considered for inclusion 
in product labels. Evidence on when and 
how to initiate deprescribing of unneces-
sary and harmful medications is often ab-
sent or inadequate to reduce adverse events 
associated with medication withdrawal.5 
Recent advances in geroscience suggest the 
possibility of developing interventions to 
modify the underlying biological processes 
of aging, thus opening the opportunity 
to develop a  single intervention to influ-
ence the onset or progression of multiple 
underlying age-related health conditions. 
Our current drug development approach 
focuses on a specific target associated with 
a specific disease, but this approach may be 
ineffective in developing interventions ad-
dressing multimorbidity driven by major 
mechanisms underlying the aging process. 
Developing such interventions will require 
new clinical trial frameworks, biomarker 
discovery, and validation to demonstrate 
safety and efficacy.6

Dosage form development and evalua-
tion of drug products is another important 
drug development issue affecting the care 
of older persons. The ability to swallow 
may be affected by aging and multimor-
bidity. Most medications are designed for 
self-administration, whereas older persons, 
especially those with disabilities, may need 
caregivers’ assistance to administer their 
medications. Thus, a universal product 
design approach that considers the need of 
both patients and caregivers will be help-
ful to care for older persons. Flexibilities 
of drug dosage forms and strengths are 
important for an older population who 
may require more personalized dosing and 
administration.

REGULATORY CONSIDERATIONS ON 
DRUG DEVELOPMENT FOR OLDER 
PERSONS IN THE UNITED STATES
The US Food and Drug Administration’s 
(FDA) “Guideline for the Study of Drugs 
Likely to Be Used in the Elderly” initially 
guided the inclusion of older persons in 
clinical trials of drugs for registration in 
the United States since 1989.7 This guide-
line proposes that drugs should be studied 
in all age groups, including older persons, 

for which they will have significant util-
ity. In 1994, the regulatory bodies of 
European Union, Japan, and the United 
States jointly published the International 
Conference on Harmonisation of 
Technical Requirements for Registration 
of Pharmaceuticals for Human Use 
(ICH) E7 guideline “Studies in Support 
of Special Populations: Geriatrics.” The 
ICH E7 guideline noted the charac-
teristics of the older patients that need 
specific attention, such as the frequent 
occurrence of concomitant illnesses and 
medications. In 2001, the FDA published 
guidance on the labeling of Geriatric Use 
subsection for human prescription drugs 
to include more complete information 
on the use of a drug or biological prod-
uct in persons aged 65 years and above.7 
The ICH E7 guideline was updated in 
2010 because of the rapidly changing 
worldwide demographics and patterns of 
drug use.7 Particularly, people older than 
75  years of age are the fastest growing 
population in many countries, and they 
have the high likelihood of comorbid-
ities. There are preliminary data (2015 
and 2014 vs. 2013) of increased participa-
tion of persons 65 years of age and above 
in clinical trials that may be due to the 
ICH E7 update.

Older persons continue to be under rep-
resented in clinical trials in relation to their 
diseases and likely exposure to the drug 
after drug registration. In Section 907 of 
the 2012 Food and Drug Administration 
Safety and Innovation Act (FDASIA), 
Congress directed the FDA to develop a 
report on the inclusion of demographic 
subgroups in clinical trials and data analy-
sis in applications for drugs, biologics, and 
devices within 1 year. In August 2013, the 
FDA released a report describing demo-
graphics and subset analyses included in 
72 applications for drugs, biologics, and 
medical devices approved in 2011. Overall, 
the findings showed that the percentage of 
older persons participating in clinical trials 
varied by indication and tended to reflect 
the prevalence of the diseases in their popu-
lation. Section 907 of the FDASIA also di-
rected the publication “FDA Action Plan 
to Enhance the Collection and Availability 
of Demographic Subgroup Data” in August 
2014, which includes the following three 
overarching priorities:7 

•	 Improve the completeness and quality 
of demographic subgroup data collec-
tion, reporting, and analysis.

•	 Identify barriers to subgroup enroll-
ment in clinical trials and strategies to 
encourage greater participation.

•	 Make demographic subgroup data more 
available and transparent.

Some action items can be accomplished 
quickly, whereas others will take longer to 
achieve and require additional resources. For 
example, the FDA implemented the Drug 
Trials Snapshots (DTS) to provide public 
information on participants in clinical trials 
that support new drug registrations. DTS 
also highlights potential differences in the 
benefits and side effects among age, sex, and 
race subgroups. DTS is part of an overall 
FDA effort to make demographic data more 
available and transparent.

QUANTITATIVE APPROACHES TO 
STREAMLINE PHARMACOTHERAPY IN 
OLDER PERSONS
Pharmacometrics and systems pharmacol-
ogy have evolved and are already established 
for many scenarios during drug development 
especially toward new drug applications. 
Age is routinely assessed as a covariate in 
population pharmacokinetic and pharma-
codynamic analyses. However, its impact 
is rarely considered in semimechanistic or 
disease progression approaches. The latter 
can serve as a powerful tool for clinical trial 
simulations or indicate whether a treatment 
has a beneficial impact on a longer timescale. 
Unfortunately, only a few simulators consid-
ered aging for their parameterization to date.

Beyond this classical and descriptive ap-
proach, routine study sequences during 
clinical drug development for specific pop-
ulations, such as organ-impaired or pediatric 
patients, are routinely accompanied by phys-
iologically-based pharmacokinetic (PBPK) 
modeling efforts. Although PBPK predic-
tions for these scenarios are improving and 
gaining more acceptance, PBPK modeling 
for older persons is still in its infancy. This 
observation is mainly due to the complexity 
of age-related changes of system parameters 
and their interplay, which is barely analyzed 
in older persons on a whole-body level. Only 
recently has this model component been 
comprehensively and systematically eval-
uated in reduced and whole-body PBPK 
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approaches for older persons.8,9 Besides 
routine pharmacokinetic evaluation for 
older persons, the newly developed PBPK 
approaches are applicable for additional pur-
poses. Age-related pathophysiological alter-
ations should be considered during the base 
PBPK model building because subsequent 
scaling to, for example, the pediatric age 
range will have different pathophysiological 
starting points.

Pharmacodynamics is an important 
driver for efficacy and safety of medica-
tions. A still understudied phenomenon 
of older persons is the deviation from the 
exposure–response relationships when 
compared with that of younger adults or 
the pharmacodynamic heterogeneity in 
older adult patients. A PBPK approach for 
older persons could serve as the starting 
point to investigate altered cellular expo-
sure and indicating age-impacted target 
modification. This can also be evaluated 
through a more mechanistic pharmacody-
namic approach, such as systems pharma-
cology. Similar to PBPK modeling, only a 
few system pharmacology models consider 
adjusting parameters to account for ad-
vanced age.

Although 25% of new drug application ap-
provals lack explicit dosing recommendations 
for older persons,10 pharmacometrics and 
systems pharmacology have the potential to 
meet this need. Model-informed conversion 
of theoretical concept into quantitative predic-
tions by understanding the pathophysiological 
linkages gains confidence in the final dose 
selection (Figure 2b). The impact of comor-
bidity and polypharmacy are inevitably future 
challenges for these quantitative approaches.

A CALL TO ACTION
How do we improve drug development 
to care for our growing aging population? 
The following ideas may help:

•	 Recognize the imperative for increased 
attention to the needs of older persons.

•	 Continue to explore the development 
of biomarkers for biological aging and 
frailty to expand our understanding be-
yond chronologic age.

•	 Develop the evidence for likelihood of 
benefit/harm and time to benefit/harm 
of drugs for older persons by including 

more older persons and a population 
more representative of anticipated ac-
tual clinical use (multimorbidity and 
polypharmacy) in clinical trials.

•	 Investigate deprescribing of medications 
as part of drug development to reduce 
withdrawal-associated harms and in-
clude this information in product labels.

•	 Establish frameworks for studying the 
safety and efficacy of interventions di-
rected at underlying biological aging 
processes and associated multimorbid-
ity to encourage drug development in 
this area.

•	 Assess drug dosage forms for the ease of 
use and appropriateness in older popula-
tions and their caregivers.

•	 Apply quantitative approaches for mod-
el-informed drug development to con-
vert theoretical concept to quantitative 
predictions and thereby support opti-
mal dosing for older persons and those 
with multimorbidity.

•	 Align resources and incentives in the 
regulatory drug development process, as 
has been successfully implemented with 
other patient populations, such as pedi-
atrics, to accelerate innovation.
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