This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Aging

The Longevity Dividend

A subject collection from Cold Spring Harbor Perspectives in Medicine

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

OTHER SUBJECT COLLECTIONS FROM COLD SPRING HARBOR
PERSPECTIVES IN MEDICINE

Epilepsy: The Biology of a Spectrum Disorder

Molecular Approaches to Reproductive and Newborn Medicine
The Hepatitis B and Delta Viruses

Intellectual Property in Molecular Medicine

Retinal Disorders: Genetic Approaches to Diagnosis and Treatment
The Biology of Heart Disease

Human Fungal Pathogens

Tuberculosis

The Skin and Its Diseases

MYC and the Pathway to Cancer

Bacterial Pathogenesis

Transplantation

Cystic Fibrosis: A Trilogy of Biochemistry, Physiology, and Therapy
Hemoglobin and Its Diseases

Addiction

Parkinson’s Disease

SUBJECT COLLECTIONS FROM COLD SPRING HARBOR
PERSPECTIVES IN BIOLOGY

Learning and Memory

DNA Recombination

Neurogenesis

Size Control in Biology: From Organelles to Organisms
Mitosis

Glia

Innate Immunity and Inflammation

The Genetics and Biology of Sexual Conflict

The Origin and Evolution of Eukaryotes

Endocytosis

Mitochondria

Signaling by Receptor Tyrosine Kinases

DNA Repair, Mutagenesis, and Other Responses to DNA Damage
Cell Survival and Cell Death

Immune Tolerance

DNA Replication

Endoplasmic Reticulum

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Aging

The Longevity Dividend

A subject collection from Cold Spring Harbor Perspectives in Medicine

EDITED BY

S. Jay Olshansky

University of Illinois at Chicago

George M. Martin
University of Washington

James L. Kirkland
Mayo Clinic

COLD SPRING HARBOR LABORATORY PRESS

Cold Spring Harbor, New York e www.cshlpress.org

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Aging: The Longevity Dividend
A subject collection from Cold Spring Harbor Perspectives in Medicine
Articles online at www.perspectivesinmedicine.org

All rights reserved
© 2016 by Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York
Printed in the United States of America

Executive Editor Richard Sever
Managing Editor Maria Smit
Senior Project Manager Barbara Acosta
Permissions Administrator Carol Brown
Production Editor Diane Schubach
Production Manager/Cover Designer Denise Weiss
Publisher John Inglis

Front cover artwork: This illustration exemplifies the mechanical nature of the human body; the
factthat there is no aging or death clock, which means that aging is inherently modifiable; and the
excitement for the future of aging science as many in the field now recognize that a therapeutic
intervention to modulate aging may be in sight. (Artwork © 2002 J.W. Stewart, used with
permission.)

Library of Congress Cataloging-in-Publication Data

Aging : the longevity dividend / edited by S. Jay Olshansky, University of Illinois at Chicago,
George M. Martin, University of Washington, and James L. Kirkland, Mayo Clinic.
pages cm

Summary: "Aging affects us all and is characterized not only by increasing frailty but by
increased susceptibility to conditions such as Alzheimer’s, cardiovascular disease, and cancer.
We are gaining an increasing understanding of the molecular mechanisms underlying aging,
however, and uncovering clues to how life may be prolonged. This book examines the biological
basis of aging and research into strategies that may extend lifespan"— Provided by publisher.

ISBN 978-1-62182-080-2 (hardback); 978-1-62182-163-2 (paper)

1. Aging—Physiological aspects. 2. Longevity—Physiological aspects. 3. Aging—Molecular
aspects. I. Olshansky, Stuart Jay, 1954- II. Martin, George M., 1927- ll1. Kirkland, James (James L.)

QP86.A3757 2015
612.6'7--dc23

2015019164
10 9 8 7 6 5 4 3 2 1

All World Wide Web addresses are accurate to the best of our knowledge at the time of printing.

Authorization to photocopy items for internal or personal use, or the internal or personal use of
specific clients, is granted by Cold Spring Harbor Laboratory Press, provided that the appropriate
fee is paid directly to the Copyright Clearance Center (CCC). Write or call CCC at 222 Rosewood
Drive, Danvers, MA 01923 (978-750-8400) for information about fees and regulations. Prior to
photocopying items for educational classroom use, contact CCC at the above address. Additional
information on CCC can be obtained at CCC Online at www.copyright.com.

For a complete catalog of all Cold Spring Harbor Laboratory Press publications, visit our website at
www.cshlpress.org.

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Contents

Foreword, vii
Janko Nikolich—Zugich

Preface, ix

INTRODUCTION

The Emergence of Geroscience as an Interdisciplinary Approach to the Enhancement of Health
Span and Life Span, 1
Felipe Sierra

PART I: BASIC MECHANISMS OF BIOLOGICAL AGING

The Role of the Microenvironmental Niche in Declining Stem-Cell Functions Associated with
Biological Aging, 15
Nathan A. DeCarolis, Elizabeth D. Kirby, Tony Wyss-Coray, and Theo D. Palmer

Biochemical Genetic Pathways that Modulate Aging in Multiple Species, 25
Alessandro Bitto, Adrienne M. Wang, Christopher E Bennett, and Matt Kaeberlein

DNA Damage, DNA Repair, Aging, and Neurodegeneration, 51
Scott Maynard, Evandro Fei Fang, Morten Scheibye-Knudsen, Deborah L. Croteau, and Vilhelm A. Bohr

How Research on Human Progeroid and Antigeroid Syndromes Can Contribute to the Longevity
Dividend Initiative, 69
Fuki M. Hisama, Junko Oshima, and George M. Martin

Dissecting the Mechanisms Underlying Successful Human Health Span and Life Span, 93
Sofiya Milman and Nir Barzilai

The Companion Dog as a Model for the Longevity Dividend, 107
Kate E. Creevy, Steven N. Austad, Jessica M. Hoffman, Dan G. O’Neill, and Daniel E.L. Promislow

PART II: CLINICAL AND TRANSLATIONAL ASPECTS OF AGING

Translating the Science of Aging into Therapeutic Interventions, 121
James L. Kirkland

Interventions for Human Frailty: Physical Activity as a Model, 135
Linda P. Fried

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Contents

The Aging Heart, 149
Ying Ann Chiao and Peter S. Rabinovitch

Inhibition of the Mechanistic Target of Rapamycin (mTOR)—Rapamycin and Beyond, 165
Dudley W. Lamming

Metformin: A Hopeful Promise in the Aging Research, 179
Marta G. Novelle, Ahmed Ali, Carlos Diéguez, Michel Bernier, and Rafael de Cabo

PART IlI: SOCIETAL IMPLICATIONS OF DELAYED AGING

Articulating the Case for the Longevity Dividend, 191
S. Jay Olshansky

The Economic Promise of Delayed Aging, 197

Dana Goldman

Past, Present, and Future of Healthy Life Expectancy, 209

Hiram Beltran-Sanchez, Samir Soneji, and Eileen M. Crimmins

Has the Rate of Human Aging Already Been Modified?, 221
S. Jay Olshansky

Index, 239

Vi

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Foreword

ITH THE GENERAL REALIZATION THAT THE population of our planet is rapidly becoming older, econ-
Womists, population health experts, epidemiologists, policy planners, physicians, scientists, and
others have started considering implications of this “silver tsunami” for the society. At the level of
physiological functioning and health maintenance in old age, it became apparent that this increase
in longevity will be accompanied by multiple comorbidities in a significant proportion of the older
population (Goldman et al. 2013). In many countries, particularly in the United States and others
where the currently prevalent health-care delivery model is pay-for-service, rather than the more
goal-oriented and holistic pay-for-outcome/health approach, this can be equated with a signifi-
cantly higher future cost to care for an increasingly dependent, disabled, and unhealthy segment
of the population. More importantly, in the current U.S. health-care delivery model, the care does
not necessarily result in improved health posttreatment. The result is an inefficient and hugely
expensive model of care for older adults.

Therefore, developing strategies to maintain optimal health in an increasingly aging population is
becoming a global strategic imperative. This book represents the latest concerted and broad effort to
shine a light on the potential of biology of aging research to implement what could be a revolutionary
change in improving the health span of older adults. It is a culmination of more than 25 years of effort
by the editors of this volume (Olshansky et al. 1990, 2007; Butler et al. 2008) to draw broader atten-
tion to this issue. Specifically, beginning in 1990, Olshansky and colleagues, many of them co-
authors of this volume, started to make a powerful case for why and how research into life-span
and health-span extension, as part of the larger field of biology of aging, may have a unique potential
to provide broad and far-reaching benefits to the aging human population. The effort, aptly named
the Longevity Dividend Initiative, has already made substantial headway in the larger community of
researchers and is beginning to extend to policy makers and society overall. This book is part of a
groundswell of recent activities (reviewed in the chapter by Sierra and the chapters by Olshansky;
also, see Nikolich—Zugich et al. 2015) to help scientists and public advocates of science reach the
tipping point and bring about a coherent, conceptually innovative, scientifically based, and publicly
as well as industry-supported and sponsored strategy to deal with health issues central to older adults
from a revolutionary standpoint.

The argument for the Longevity Dividend is that the payback to society and individuals from
extending health span via fundamental interventions based on knowledge of biology of aging will
be considerable and broad. This case is made in great detail throughout the volume, but summarized
best in the introductory article by Felipe Sierra and the two articles by S. Jay Olshansky. This argu-
ment, in its entirety, seems intuitively appealing to the point of being a “no-brainer”: The current
approaches to treating age-related diseases that produce the highest morbidity and mortality in
the older adult population are only incrementally effective at increasing life span and minimally
effective in increasing health span, defined as the fraction of life span spent in good health and pros-
perity. In fact, curing all cancers, for example, although desirable, merely replaces cancer with other
chronic morbidities such as Alzheimer’s, cardiovascular diseases, metabolic diseases, and so on
(Olshanky et al. 1990; Miller 2002). By contrast, in numerous laboratory animal models, including
some studies in nonhuman primates and humans, interventions based on manipulations of nutrient
sensing and cellular metabolism have shown not only longevity extension but also significant post-
ponement of multiple age-related diseases (including cancer, Alzheimer’s, cardiovascular, and meta-
bolic diseases). This, therefore, is close to, or achieves, health-span extension.

vii
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Foreword

The promise of translating these interventions to human subjects, then, starkly contrasts with
current, disease-specific research and treatment approach. Simply put, the choice would come
down to the two extremes: (1) the current health-care approach, with most individuals enjoying a
relatively long life span but reduced health span with multiple comorbidities and increased, balloon-
ing health-care costs; or (2) the biology-of-aging-based health-span extension, which, if successfully
translated to humans, would provide increased health span at a fraction of today’s health-care cost,
with a vigorous and engaged older adult population and even a potentially productive older work-
force. One of the key strengths of this book is its further exploration of demographic and economic
consequences of biological interventions aimed at modulating the aging process (see the chapters by
Goldman and Beltran-Sanchez et al.). The data provided in these chapters represent further, power-
ful arguments for biological modulation of the aging process. Other important chapters in the book
discuss basic, fundamental physiological levers one could manipulate to modulate aging and increase
health span (Part I of the book).

At present, two key issues stand in the way of broad application of health-span extension to
humans. First, we are still not at the point of having applications that are distribution-ready. In
that regard, the book provides welcome insights into possible translation of robust findings from
model organism into clinical practice (see the chapter by Kirkland) and the review of the exciting,
burgeoning literature on pharmacological intervention to extend life span and health span (see
the chapters by Novelle et al. and Milman and Barzilai).

Second, serious additional roadblocks exist to implementation, including the omnipresent lack
of funding for research and, even more so, advanced-stage clinical testing. There also remain
ingrained views in society that aging is immutable and/or that intervening in the aging process
will produce deleterious and unwanted consequences such as further overpopulation and shortages
of resources (reviewed by Miller 2002). Various chapters in this volume go a long way toward
debunking many of these myths and making a strong case for the longevity/health span dividend.
I applaud the authors on an excellent job of reviewing the known facts and discussing future
needs and actions and the editors for their vision to organize and compile an extremely timely set
of contributions from the prominent, respected thought leaders in the field.

JANKO NIKOLICH—ZUGICH, M.D., Ph.D.

Chairman of the Board and CEO, American Aging Association
Bowman Professor and Head, Department of Immunobiology
Co-Director of the Arizona Center on Aging

University of Arizona College of Medicine

REFERENCES

Butler RN, Miller RA, Perry D, Carnes BA, Williams TE Cassel C, Brody J, Bernard MA, Partridge L, Kirkwood T, et al. 2008.
New model of health promotion and disease prevention for the 21st century. BMJ 337: a399.

Goldman DP, Cutler D, Rowe JW, Michaud PC, Sullivan J, Peneva D, and Olshansky SJ. 2013. Substantial health and economic
returns from delayed aging may warrant a new focus for medical research. Health Aff (Millwood) 32: 1698—1705.

Miller RA. 2002. Extending life: Scientific prospects and political obstacles. Millbank Q 80: 155—174.

Nikolich—Zugich J, Goldman DP, Cohen PR, Cortese D, Fontana L, Kennedy BK, Mohler MJ, Olshansky SJ, Perls T, Perry D,
etal. 2015. Preparing for an aging world: Engaging biogerontologists, geriatricians and the society. ] Gerontol A Biol Sci Med
Sci doi:10.1093 /gerona/glv164.

Olshansky SJ, Carnes BA, and Cassel C. 1990. In search of Methuselah: Estimating the upper limits to human longevity. Science
250: 634—640.

Olshansky SJ, Perry D, Miller RA, and Butler RN. 2007. Pursuing the longevity dividend: Scientific goals for an aging world.
Ann NY Acad Sci 1114: 11-13.

viii

© 2016 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1061

This is a free sample of content from Aging: The Longevity Dividend.
Click here for more information on how to buy the book.

Preface

HE INCREASE IN HUMAN LONGEVITY during the last century was one of humanity’s most remarkable

medical and technological accomplishments. As valuable as oil, gold, diamonds, fresh water,
and clean air may seem, life itself is likely to be our most precious commodity—and we managed
to manufacture more of it during the last 150 years than during all of humanity’s existence prior
to the 19th century. At first blush it would therefore seem like a rhetorical question whether we
should be trying to extend life even further. After all, it is easy to justify almost all facets of
modern medicine and public health as desirable. The answer to this question is no longer simple.
A growing faction of scientists are concerned that further life extension in long-lived populations
may extend the period of frailty and disability later in life as the biological processes of aging
emerge as the most important risk factor for what ails us as we grow older. Living longer sounds
good at one level, until it becomes clear that for people who already are expected to live long lives,
it is health extension we should be pursuing, not life extension.

This is not a new argument. In the late 1970s, Dr. Bernice Neugarten and Dr. Robert Havighurst
from the University of Chicago organized a meeting sponsored by the National Science Foundation
in which they set out to answer the question on whether governments should be in the business of
making people live longer. Neugarten and her coauthors identified two ways in which life extension
could be accomplished: through continuing efforts to conquer disease (referred to as "disease
control"), and through an effort to identify the intrinsic biological processes that are thought to
underlie aging and that proceed independently from disease processes—that is, to discover the
genetic and biochemical secrets of aging, then to alter them (referred to as "rate control"). Amid
overly optimistic views by some suggesting that dramatic increases in longevity were forthcoming,
Dr. Nathan Shock and others made it clear that life extension is not a legitimate goal of aging
science, and that instead we should focus on making the years that we have good years.

Until recently, the idea that aging could be modified was little more than wishful thinking, but
enough evidence has emerged just within the last decade to justify the pursuit of "rate control" as
a new method of attacking diseases. Modern versions of the rate control idea emerged beginning
in 2006 under the banner of the Longevity Dividend Initiative, and more recently, this has been
called Geroscience. Scientists are now routinely arguing that modifying aging or its consequences
represents perhaps the best opportunity to achieve the primary prevention of both fatal and disabling
diseases among long-lived populations.

So, how exactly will this be accomplished? What are the various pathways that scientists in the
fields of aging are pursuing to bring about this vision of rate control, morbidity compression,
disease reduction, and the extension of healthy life? That is what this book is all about. We set out
to put into one place a description of most of the major projects now underway or about to be
pursued to achieve this end. Although it must be acknowledged that there are enticing approaches
to aging science that are not described in the pages of this book, we are confident that many of
the most interesting opportunities are described here.

This movement of aging science in the direction of a major public health intervention has gained
significant momentum in recent years, and we expect this book will advance the cause and explain
both the rationale for doing so and the consequences of failure. The longer lives we enjoy are a won-
drous accomplishment to be sure, but we have placed ourselves in a precarious position by allowing
aging to rear its ugly head with increasing frequency and duration. We may very well be on the
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precipice of a new public health movement—the seeds of which are most likely to be sown by the
authors of this book and their colleagues across the globe now working in this exciting field of
aging science.

On behalf of the editors I would like to thank Barbara Acosta, Richard Sever, and their colleagues
at Cold Spring Harbor Laboratory Press for their excellent work in helping us to organize this book
and for their patience in herding together scientists from a broad range of disciplines—all of whom
are busy making history.

S. Jay Olshansky
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