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Foreword

How we see growing older and living longer has been evolving over the
last 100 years, as life expectancy has increased and more people live into
old age. After reading this tour d'horizon by Tina you will realize that it
may be about to change even more.

Just as advances in anatomy, anesthetics, and antiseptics left the barber-
surgeon confined to the past, the new tools of genomics, epigenetics,
and artificial intelligence will leave parts of our current approach to
healthcare behind. That has exciting possibilities for making life longer
and healthier.

The potential scope for Al to support this through taking charge of our
health, work, and finances is astonishing, albeit at times possessing
aspects of science fiction.

That's urgently needed because as more people live into old age and
the disease burden shifts to age-related illnesses, the value of aging
better increases. Further, the better we get at aging the more valuable
further improvements will become. If we can empower ourselves with
knowledge and work towards sharing the benefits of longevity, we can
move away from negative views of an “aging society" and think about
a "longevity dividend."

As each chapter in this book reveals more instances of breath-taking
new possibilities, you will get a sense of the potential magnitude for
change—for you and society.



You will also be aware of the challenges these developments bring, not
just to medicine but to fundamental issues about our identity and how
we live our lives. However, you will also be aware of something else—a
thread that weaves its way throughout the book. That is a sense of
optimism.

It's easy to (rightly) fear a world where doctors are replaced by robots,
or our genetic secrets and bodily condition is no longer hidden but
out in the open for us and even others to see. When we're sick we're
frightened, and we want something comforting that we can cling
to—something personal and human to connect to. An Al process that
treats our bodies' biological secrets as just a decoded algorithm is far
from that.

The famous medic Sir William Osler once remarked, "The good
physician treats the disease, the great physician treats the patient who
has the disease.” While written over a 100 years ago, Osler's insight
runs through these pages. The focus of the developments Tina outlines
is on improving the life of the individual—each and every one of us. As
Al makes machines ever smarter at being machines, we need to make
sure that we utilize that as an opportunity to make us smarter at being
humans.

That's why it's so refreshing to read in these pages not just about
brilliant people pushing back scientific frontiers but also a focus on
what is needed to make this work for us as humans. In other words,
truly goal-driven AL And what a goal! The goal of all these committed
researchers is to give you more healthy years to your life. Not in a magic
bullet, or a single treatment, and certainly not without your help and
your contribution, but that's the aim—to get older, better; to live longer
with AL

With this book, Tina's ready to show you how.
Andrew Scott

Professor of Economics, London Business School
Co-Author, The 100-Year Life and The New Long Life



Testimonials

"The COVID-19 pandemic has exposed the fault lines in society, including
the inequalities that divide us. The message is clear - we must do what
we can to keep everyone healthy and well through a much bigger focus
on prevention to cope with this pandemic and manage future ones too.
Tina's book provides the knowledge and ammunition to persuade people
to treat health as their greatest asset—to protect themselves while doing
their part in rebuilding global well-being and economic resilience.”

—Professor Baron Peter Piot KCMG, World Expert in Virology &
Global Health; Director of the London School of Hygiene & Tropical
Medicine; Handa Professor of Global Health

"At a time of maximum anxiety about public health, we need a guide
about how we can take control of our own lives and live in good health
for longer. Tina Woods' book not only does that but also explains how the
development of Al and other technologies can contribute to better aging.
Quite literally, people's lives and happiness will depend on individuals
and societies following some of the conclusions drawn in this book. It
is a hugely important contribution to public debate. An "aging society”
should be a matter for celebration, not apprehension. This book explains
how we can make that shift.”

—Right Honourable Damian Green MP, Chair, All-Party
Parliamentary Group for Longevity, Former Deputy Prime
Minister, UK Government



"Live Longer with Al describes how we went from the hope to the promise
that aging can be targeted and healthspan can be increased. This book
specifically offers horizons to realizing this. Such a future depends on
three things. Firstly, we need sophisticated data (omics) from large
populations, and basic resources and data to be available to scientists.
Secondly, we need the ability to look at this data from different angles
utilizing AL Thirdly, and most importantly, we need a team of experts
who know how to lead with the correct questions, without which we
will not make significant discoveries. In this book, Tina talks with such
experts about how we can move rapidly towards better healthspan.”

—Nir Barzilai, Professor of Medicine and Genetics, Director,
Institute for Aging Research, Albert Einstein College of Medicine

"Tina Woods has woven together a masterful combination of interviews
and insights in this book. Now that we have finally reached the point in
the crusade against aging where the wider world is actually taking it
seriously as a medical problem, the foremost requirement is for people
to come forward who have the talent to communicate the specifics of
how we can hasten the remaining steps towards a post-aging world.
Woods is undoubtedly one of those people, and many lives will be saved
through the efforts of those who are inspired by this book.”

—Aubrey de Grey, Chief Science Officer, SENS Research Foundation

"Tina Woods is one of the most active advocates and drivers of the
longevity biotechnology industry and related policy in the UK. As a
credible super-connector, she managed to forge new initiatives and
consortiums that will have a lasting impact. In this new book, she
provides an overview of the current state of the emerging longevity
biotechnology industry and a sense of the direction that advances in
aging research and Al are going to take us in the next few years and
the next few decades. Both aging research and Al are advancing and
converging at an unprecedented pace. A new generation of experts
is required in both these fields. This book should be read by anyone
wishing to seize the opportunity to enter into this exciting and impactful
area and make this world a much better place.”

—Alex Zhavoronkov, Founder and CEO of Insilico Medicine and
Deep Longevity



"Understanding aging, and what we might do about it, is one of the
most intriguing and important scientific challenges of our time. Tina
Woods has mobilized her great energy and insight to give us a book that
simply fizzes with the excitement of this quest.”

—Professor Thomas Kirkwood CBE, FMedSci, FRCP Edin; Emeritus
Professor in Ageing, Newcastle University, and Affiliate Professor,
University of Copenhagen Center for Healthy Aging

"This book sets out to share and explore some of the practical applications
and implications of the use of Al in helping humanity to live longer with
improved health. The topic is vast, with so much going on across the
scene internationally, but Tina carefully links the various areas and
initiatives up through the chapters and helps the reader to see the true
opportunity and potential inherent in the bold pursuit of exploring
the use of advanced, borderless, open data sets, deep learning, and a
greater understanding of the coding of life. A must-read for anyone
seriously considering developing a longer-term view on population
health, the ethical usage of health data, and the potential to make the
next transformational leap in human aging and reduction in mortality.”

—Alan Davies, Innovative Programmes & Partnerships Director,
Health Education England

"From the time that our ancestors became aware of their own mortality,
humans have strived to live longer and better—today we continue this
quest by employing advanced technologies. Tina provides us with a
heart-felt reflection on the societal and economic consequences of aging
populations and guides us through the potential of harnessing Al to
unlock the secrets of personalized longevity and resilience. Live Longer
with AI will enlighten consumers, health care professionals and policy
makers on the importance of technological advances, not only to better
tackle the current global health crisis but also to find answers to the
age-old question of how we can maintain mental, physical and financial
well-being as we grow older.”

—Dr Richard Siow, Director, Ageing Research at Kings College
London (ARK)



"Recent generations have achieved the goal of living longer, but with
more chronic health conditions than ever before. In order to achieve
true healthy aging, we have to translate scientific findings into real-
life interventions. Live Longer with Al describes how we can achieve
true increases in healthy life expectancy for both the individual and
populations, by harnessing modern technologies. This book describes
the potential of a scientific and technological approach to healthy aging,
and lays out what needs to be done in order to achieve it.

"This book is a must-read for anybody interested in health, wellness,
and the future of true healthcare.”

—Michael Sagner, MD, Director Sarena Clinic, Director of the
Board, European Society of Preventive Medicine, Editor-in-Chief,
Progress in Preventive Medicine

"Dialoguing with Tina is one of the most satisfying exercises for the
mind that can be done. Tina has an extraordinary ability to make you
sail far ahead of the challenges of our society while pushing you to
explore the hidden folds of opportunity when aging and longevity are
associated with emerging technologies. Tina is like a modern-day Virgil:
she leads the way, but she does it by leaving you in charge. This book is
tangible proof of this."

—Professor Nic Palmarini, Director, National Innovation Centre for

Ageing

"As our society ages, and as more diseases that carry age as a risk factor
are uncovered, we are becoming acutely aware of the consequences of
prior misunderstandings, our lack of knowledge in specific areas, and
our ignorance of the impact of societal influences on living healthily and,
importantly, aging healthily. It is critical that we now start to open our
eyes and address this, and Tina's book provides one of the tools to enable
us to do just that. In her book, Tina uncovers and expands the role of Al
and data in improving our health and well-being, something critically
important considering the current impact of the pandemic. We all need
to take responsibility if we want, hope, to live a long and healthy life -
this book underpins how we can do that.”

—Dr. Carol Routledge, Chief Medical Officer and Chief Scientific
Officer, Small Pharma; Former Research Director, Alzheimer's
Research UK and Managing Director, Early Detection of
Neurodegenerative Diseases (EDoN) Global Initiative



"COVID-19 has underlined the importance of deploying every tool at our
disposal to help address major health challenges for public benefit. The
beneficial use of Al is arguably one such tool, as Woods demonstrates.
The use of AI with and for people and society has transformative
potential. This is a valuable contribution to the emerging literature.”

—Reema Patel, Head of Public Engagement, Ada Lovelace Institute

"Like never before, the world is awake to health and wellness being
key to both combatting infection and living life without the crippling
diseases that have blighted the second half of life for too many. Tina has
blended a remarkable mix of expert interviews, science, and personal
reflections and created the most comprehensive yet readable book I've
seen on maximizing our healthy lifespan. Healthcare Al is advancing
fast, but this book is also suffused with Tina's own brand of very human
intelligence.”

—Professor Richard Barker, Author of 2030 - The Future of
Medicine

"We are living in the third healthcare revolution. The first was the public
health revolution, the second the high-tech revolution based in hospitals
and health centers, and the third is driven by citizens - the people we
used to call patients - knowledge, the Internet, and all that has developed
from this technology. This is a handbook for the revolution!”

—Sir Muir Gray, Director, Optimal Ageing
"You can live longer and be happier if you make some changes - that is
the theme of this book, which reviews recent learning about our aging

societies and looks at how even simple technologies can make some big
changes. Well-written and compelling.”

—Ben Page, CEO, Ipsos Mori



"Every reader, regardless of age, will gain access to an extraordinary
depth of knowledge on how to have longer, healthier, and more prosperous
lives. Tina makes every reader a geoscientist, an economist, and a world
futurist, without commercializing or dumbing her material down. There
is no need to be an expert or even acquainted with Artificial Intelligence
to enjoy this book. Tina presents us with "page-turner” interviews and
personal stories from famous scientists, thinkers, and entrepreneurs.

Her elegance and concern are evident, as she explores the challenges of
COVID-19 to assert that a life worth living is worth preserving through
prevention, treatment, and mutual caring for all”

—Adriane Berg, Host Generation Bold Podcast, Director of The
Kitalys Institute for the Delay and Prevention of Age-Related
Diseases

"Live Longer with Al is a masterpiece about the new advances in life
extension and longevity thanks to emerging exponential technologies,
from Al all the way to nanotechnology. Tina covers such varied fields
with great expertise, including fascinating interviews, new health
possibilities, and her own work. In the post-COVID-19 era, it is important
to have a fresh look at all the coming opportunities; Tina's book is a
must-read for those who want to discover the future of health.”

—José Luis Cordeiro, Fellow, World Academy of Art & Science;
Director, The Millennium Project; Vice Chair, Humanity Plus; Co-
Author of The Death of Death

"This book is a life-affirming achievement. Tina's thought-provoking
conversations with a wide range of stakeholders (and when it comes to
health each and every one of us is stakeholder) made me both concerned
and exhilarated. Concerned at the sheer scale and complexity of the
challenge ahead and at the likely capacity of some of the incumbent
power structures to rise to the challenge, and exhilarated at just how
much original and radical thinking is both needed and already being
done. We are all now data citizens. Citizenship implies obligations as
well as rights—nowhere is this clearer than in the field of health and this
book will encourage you to think deeply about what it might be like to
inhabit our bodies and our own health data space with compassion for
both self and other in the 21°* century.”

—Robbie Stamp, CEQ, Bioss International, AI Governance Expert



"We're all living longer but those extra years of life are increasingly
being spent in poorer health with an ever-widening and unacceptable
health gap between wealthy and deprived areas. Al could be part of the
solution to meeting this societal challenge and this is something that
Tina expertly explores in Living Longer with AL Unlike other books on
this topic, you don't need to be a technophile to understand and enjoy it,
and it's so important that this book reaches a wide audience.

For while the potential of Al is huge, it comes with limitations and
significant ethical considerations. These are all sensitively and
thoroughly considered by Tina as someone who cares about people first
and foremost, not about selling AL"

—Michelle Hawkins-Collins, Ageing-well activist, researcher and
Gerontologist

"More than ever, people are beginning to recognize now that the process
of aging, and in particular our ability to maintain health throughout it,
is inextricably bound to our collective health as a society. Live Longer
with Al details how Al and related technologies are paving the way for
significant increases in healthy lifespan, and the transformative effects
this can have on our economy, personal lives, and ability to resist all
diseases - infectious or otherwise. In Tina's skilled hands this critically
important topic receives the care and attention it most certainly deserves.”

—Keith Comito, President of Lifespan.io - Life Extension Advocacy
Foundation

"This new book by Tina Woods is an amazing achievement and one
of the most important books of 2020 as it provides a comprehensive
overview of longevity, an industry that is at its inflection point today
and will become the "new industrial revolution” of the 21 century. It
covers a broad range of tangent verticals from healthcare Al to precision
medicine and reads like a detective story”

—Anton Derlyatka, Co-Founder and CEO, Sweatcoin



"Most of us want to live longer. Can Al help us? Tina's visionary book
answers this question by synthesizing a vast amount of cutting-edge
scientific information and providing insights through interviews with
today's leading Al thinkers and practitioners. Instructive and analytical,
and densely packed with info while being engaging and accessible,
reading this book will help you get up to speed in record time. Thank you,
Tina, for fast-tracking our understanding by pursuing your passion.”

—Ann Longley, Founder, Something New Together

"This book is a wonderful riposte to the catastrophists who see doom
around the corner. Tina has compiled inputs from some of the leading
thinkers in the world to create an inspiring overview of the prospect
for biology, Al, and government policy to greatly enhance population
healthspan.

By grounding her survey with her personal experience she helps to soften
the breath-taking ideas being proposed by some of her interviewees
and make them more comprehensible. This is a superb book for those
interested to learn about the revolution that the researchers in the
longevity and healthspan field promise to deliver to all of us.”

—Brian Lynch, Serial Healthcare Entrepreneur

"This is the antithesis of a lazy beach read. Sit up straight, deploy your
concentration and curiosity genes, and get ready to grow your brain
with the knowledge provided by Tina and dozens of top-tier longevity
scientists, academics, and entrepreneurs. You'll learn that cancer cells
are biologically immortal, as are germ and stem cells. You'll learn
about the concepts of singularity, cellular reprogramming, and aging
biomarkers. And Tina will help you understand how computational
biology will help unravel the basis of life itself. This is a fabulous book
that will clear up any confusion you have about the role of Al in building
a better world. It's a tool that can help move us beyond our troubled
state of human and planetary distress to a future of abundance, better
health, and well-being.”

—Susan Flory - Host-producer, The Big Middle Podcast



"The strangeness of 2020 has made many of us reflect rather
obsessively on what is truly important in life and what is not. It has
made the importance of science, the importance of collective endeavor,
the importance of society, and the importance of quality of life stand
out in sharp relief. Tina's book is timely. It addresses all of these key
priorities - and weaves a fascinating narrative, informed by the finest
thinkers in the field. If you read only one book in the coming months,
make it this one.”

—Karen Lipworth, Healthcare Communications Consultant,
Healthcare Writer and Contributor

"Life, time, health, and especially technology move at such breath-taking
speed that it's hard to keep up. This book tackles a more important
dimension, though - how to turn it all to the advantage of humanity
through AL"

—Nicole Yershon, Founder & CEO, NY Collective

"I am normally something of a sceptic about Al, but unusually I can
see much promise here. Apart from anything else, an informed,
personalized approach to well-being and health seems essential if we are
to encourage people to focus on the perfectly manageable number of new
behaviors which will be of greatest benefit to them personally, rather
than bombarding people with every single statistical finding. Many of
these may work at the aggregate level, while being mostly ineffectual
at the level of the individual. The price you pay for issuing too many
instructions is often that people do nothing at all.”

—Rory Sutherland, Vice Chairman, Ogilvy Group

"Live Longer with Al showcases the latest exciting developments in
artificial intelligence and how they will help us live longer, healthier, and
better than ever before. From exploring Al's potential in managing the
global pandemic to personalizing healthcare for every single person on
the planet, the book creates a mind shift that allows us to see aging and
our partnership with technology in a fresh, new light!"”

—Sergey Young, Founder of Longevity Vision Fund
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Preface

An algorithm led Packt to me in January 2019.

This was life Before COVID (BC). I got a message on LinkedIn: "Would
you author a book on health tech? It would be something looking at Al
in the NHS, and maybe the AI hospital."

Like many people who use LinkedIn, I get a lot of messages from people
I don't know. This was one of them and I thought it was harmless spam.
I whizzed back a slightly flippant message:

"Thanks for the idea but probably not for me right now as just too
busy!"

Well, after a few more exchanges, I realized it was a serious approach
by a leading international tech publisher. Within a week, we had agreed
terms. And that was the same week I was invited to 10 Downing Street
for breakfast, to talk about the Ageing Society Grand Challenge with
the Secretary of State for Health and Care (for non-Brits, Number 10
is where the UK Prime Minister lives). Two days before that, I had
published my first article on Forbes.com: 'Longevity’ Could Reach
Billions In 2019 - And Is No Longer Just The Preserve of Billionaires.
Fast-forward to April 2020—at the height of the global COVID-19
pandemic. We put a freeze on the book's publication because it wasn't
right to talk about living longer when the entire world was grappling
with how to deal with the worst public health crisis in our lifetime.



Preface

We are now living and experiencing this murky, strange period of a
patchwork "new normal.” We have moved from BC, but have absolutely
no idea when we will reach After the Disease (AD). COVID-19 has
changed everything: our lives, our plans, our hopes, and our future.
And there is still no end in sight.

But we are learning a huge number of lessons that will form part of an
enduring legacy AD. For one thing, the pandemic has brought renewed
attention to how humanity's destruction of biodiversity may have
created the conditions for new viruses and diseases such as COVID-19.
The discipline of "planetary health," the intricate and finely balanced
ecosystem of humans and all other living things, has been put into the
limelight.

I have tried to capture some of the lessons we're learning in the pages
ahead.

So, first, back to January 2019. How did this algorithm identify me?
What criteria was it using? Was it using the right criteria?

After the algorithm found me, a human being did, of course, check me
out before approaching me. The one thing everyone should know about
algorithms is that, for now, they are only as good as the data they draw
from, and the rules that humans set (at least until AGI—artificial general
intelligence—hits us; that is, when machines take over what humans do.
But that's still a little way off. More on this later).

On the face of it, I am hardly an "Al expert" at a technical level. I speak
to many who are, and certainly now have enough experience to know
when so-called "Al experts" really have no clue at all (knowing what you
don't know is a very underrated skill, but I use it all the time!). What I
am becoming an expert in is how Al will affect society and drive change.

As you will see in this book, artificial intelligence is influencing, and
indeed driving, far more things in our lives than most of us realize. And
technology is moving fast, and far faster than many C-suite industry
executives, think tank leaders, or policymakers realize.

But the entrepreneurs and the scientists do realize it. I spend a lot of
time with these people. And it is thanks to them and their knowledge
that I find myself in the privileged position of writing this book. I've
interviewed some of them, but I didn't interview the two people I'm
about to mention. Without them, I would not have been found by that
algorithm over a year ago.

Page vi



Preface

Melissa Ream is the first one. She is an Al and digital expert in healthcare,
and that's why I asked her to help me with this book. She gave me my
first big opportunity to work in Al—with the Academic Health Science
Network Al program, then with the Department of Health and Care and
NHS England, and more recently with NHSX, helping to build the UK's
Al ecosystem for health. I talk about this in Chapter 4, Moving Sickcare
to Wellbeing, Through Prevention.

Eric Kihlstrom is the second one. We met about five years ago and we've
collaborated on many projects involving our shared interests in data
innovation and longevity. He invited me to help build an ecosystem of
"unusual suspects,” companies to come together in transformational
bids for the Healthy Ageing Industrial Strategy Challenge Fund (backed
with £98 million of government money), when he was interim director
for the fund at Innovate UK.

There is a famous quote (that Eric uses a lot!) by the writer William
Gibson: "The future is already here—it's just not very evenly distributed."

The future is definitely not evenly distributed at the moment.

In many ways, prosperity in the Western world has become more
accessible to wider sections of society, with better cars, better-quality
housing, and high-quality healthcare. Consumer technology has
become ubiquitous, and many of the most deprived people in both the
developed and developing world have a smartphone. However, we have
seen rather alarmingly that despite growing economies and the many
developments in science, technology, and medicine, life expectancies
have been dropping in the USA and stalling in the UK. Inequalities in
health are increasing.

Something is going wrong. And it has to do with inequality, the uneven,
unfair ways we are sharing the benefits of the future. The COVID-19
pandemic has brutally exposed this.

I was invited to speak at a recent event run by the UK chapter of
Singularity University, a hotbed of exponential thinking in California.
I imagine many attendees expected me to speak about how science
is getting us a step closer to achieving immortality, but I started with
a question—why aren't we fixing this problem of health inequality?
How can we share the benefits of longevity democratically, so that we
can all benefit from the "longevity dividend?"
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Why is it that the treatment we receive in hospitals (accounting for a
mere 10% of what keeps us healthy) gets the most attention and budget,
when it is the 90% of the other determinants of our health (including
the environment, genomics, and socio-economic factors) that matter
far more?

This conundrum is what I have been trying to unpack with many experts
in The Health of the Nation: A Strategy for Healthier Longer Lives, a
strategy we created on behalf of the All-Party Parliamentary Group for
Longevity. The strategy was published in February 2020 with proposed
actions on how all UK citizens can gain five extra years of healthy life
expectancy by 2035, while minimizing health inequalities between
the richest and poorest. This goal is part of the current government's
manifesto but was initially drawn up by Theresa May, the former prime
minister, in 2018. May's deputy prime minister at the time was Damian
Green. Damian, who is still an MP, chairs the All-Party Parliamentary
Group for Longevity, which is now getting international attention.
There is so much to thank him for in terms of his hard work in getting
the Health of the Nation strategy to where it is now.

Many of those involved in the strategy have been interviewed for this
book. But this strategy would not have been possible without the
extraordinary expertise and energy of Lord Geoffrey Filkin CBE, who,
among his many other accomplishments, set up the Centre for Ageing
Better. Together, Geoff and I have led the strategy, and it has been a
terrific partnership of social entrepreneurship since we first spoke in
March 2019.

The strategy is focused on closing the health inequality gap. When we
emerge from COVID-19's massive impact on society and the economy,
the priorities and recommendations we have set out will only become
more urgent and more pressing. And with all the work I have been
doing in Al, data, healthy aging, and now in longevity, one key thing
keeps coming up over and over again: our citizens.
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The public will shape the future. Ordinary people need to be brought
more into the debate on how technology could be more powerfully
deployed as a force for good, to cope far better when the next pandemic
hits, and until then, to help us live longer better. We all need to
participate in decisions that could ultimately shape a better society—at
all levels—whether individually for personal reasons, at a community
level for civic duty, or through votes at a national level. And I think we
need a societal system more focused on social capital, on the value of
human contribution.

We also need to scale solutions at an international level. That's especially
true when it comes to sharing knowledge in science and harnessing
data, but also to learn what is working best to engage communities,
prevent ill health, and care for our most vulnerable.

At the time of writing, Ipsos Mori published a poll showing that
scientists are the most trusted profession in the world (politicians come
last). It is no surprise that politicians have insisted on being "guided by
the science" during this devastating pandemic.

It is clear we need to involve scientists in decisions affecting our
future. And there seems to be an appetite for it. A public program I ran
before the pandemic on the science of aging for How To Academy was
a sell-out, and had to move to a bigger venue. I invited four leading
scientists (two of whom were interviewed for this book) to speak and
the audience couldn't have been more mixed (as were the questions
asked afterwards)—young students, middle aged, and older people—all
interested and curious to know more.

My curiosity about science began as early as I can remember in
childhood, when I first started asking the questions most kids ask,
like "where do we come from?" This curiosity propelled me to Cornell
University, where I studied genetics at the time that the Human Genome
Project was first being conceived—30 years ago. Now in my mid-50s, I
am starting to ask many more questions about how we can harness
science to help us live a good life, not just from the beginning, but right
through to the very end, aided by technology that was unimaginable
just a few years ago.

So, starting with the science of "our beginning," let's start answering
some of those questions.
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CHAPTER 1

INTRODUCTION

The search for the secret of eternal youth and the quest for
immortality have endured since humans life began—some would
say this is part of our intrinsic survival instinct and is hardwired
into our genetic code, which has evolved since life on earth began,
about 3.6 billion years ago.

How did life begin? Where do we come from? Where do we get this
insatiable curiosity that drives us, making us want to live longer,
and for some of us, even forever?

These are questions I have been fascinated with ever since I was
a little girl. T used to draw a lot, which helped me work out my
ideas and process my obsessive curiosity about life. My drawings
were everything from religious images depicting Jesus and Mary
to anatomical drawings from textbooks on obstetrics showing the
birth process. I thought I was destined to be a doctor, but then fell
into a very different path after studying genetics.

Years later, with three sons born, through complete serendipity,
I saw Sir Ken Robinson's wonderful TED Talk "Schools Kill
Creativity." Seeing this 20-minute talk resulted in an epiphany
moment—I suddenly realized what was "holding back" my middle
son in school (hyperactivity, it turns out, which is a gift in so many
ways, but not necessarily at school when you have to sit still at a
desk for hours!). Compelled to read Robinson's book The Element,
I realized for myself what was holding me back and what I was
really interested in too.
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Fundamentally, it is what drives people, and how they can either be
blocked (though archaic educational systems, stultifying workplaces,
or slow-moving institutions, for example) or be released, enabling
them to achieve big things from seemingly small and inauspicious
places when they find their purpose and their passion.

Just look at Greta Thunberg! Most people know her as the
climate change activist that she is—most recently named by Time
Magazine as the "Person of the Year." But did you know that she
has Aspergers, was very depressed, and had no interest in eating,
until she found her cause?

Will and purpose are what drive us to want to live longer. And
I am not sure this is hardwired into our genes, like the survival
instinct clearly is.

For me, I re-discovered my purpose when I hit "middle age" by
going back to my entrepreneurial proclivities and becoming a sort
of social entrepreneur. I started a social enterprise to inspire young
people in science and technology; two years later, I started an
innovation business in health, and then a year later I co-founded
another venture in longevity.

A lot of what I do is about making connections with ideas
and with people to drive change. Some of the stories from the
extraordinary people I have met are in this book. I talked to
scientists, entrepreneurs, corporate leaders, politicians, activists,
and even the world's strongest man.

We all have our own exquisitely unique way of figuring out the path
we take in our lives—and our personalities shape whether we follow,
create, or destroy these paths in this most intricate map of life.

So back to the first question: how was life first created? Let's turn
to the science.
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Life's beginning
Theories still abound. The leading contender, detailed in the BBC's

wonderful program The Secret of How Life on Earth Began',
explains that it all started in hydrothermal events in the deep sea.

The water was tepid enough, and alkaline enough, for precursor
organisms to form in the porous sections of the rock, which in
effect acted like "cells." These cells contained essential chemicals,
and when a natural proton gradient developed, so that the proton
concentration was higher outside the inner membrane than
inside the membrane, it enabled cells to store and release energy
(protons are subatomic particles occurring in all atomic nuclei,
with a positive electric charge equal in magnitude to that of an
electron). These cells were the ideal place for metabolism to begin
and for the first molecules, like ribonucleic acid (RNA), to form by
harnessing the energy created by the gradient, which also created
the conditions for a cell membrane to emerge.

Many scientists have been involved in solving the mystery of life.
Most people have heard of Charles Darwin, who developed the
theory of evolution, and he, together with other lesser known
figures like the Russian Alexander Oparin, proposed various
versions of theories that life started with chemicals that began to
form microscopic structures in a "warm little pond."

In 1953, one of the greatest scientific discoveries of the 20" century,
that of the double helix structure of the DNA code by Watson and
Crick, redirected the search for the origin of life by revealing the
extraordinary structure inside living cells.

All living things are made of cells, which contain DNA, the
instructions that tell a cell what it will become. Most forms of life
are made up of just one cell. Bacteria are the most well-known
group and are ubiquitous, included in almost all the branches of
the "tree of life," as published in Nature in 2016. An analysis of
the tree suggests every living thing—including humans—descended
from a bacterium.
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More recent research by Gustavo Caetano-Anollés shows that
viruses emerged before bacteria, supporting the idea that viruses
stemmed from the cellular domain, which may shape the ongoing
debate over when viruses first existed. Caetano-Anollés came up
with this theory by exploring protein folding and the origins of
transfer RNA (tRNA), which is central to every task a cell performs
and thus essential to all life. He discovered that tRNAs of each of
the super kingdoms diverged from the overall tree, allowing him
to determine the order in which viruses and each of the super
kingdoms diverged.

Caetano-Anollés also studied how viruses swap genes with a variety
of cellular organisms. His findings suggest that viruses share
genes with organisms across the tree of life.

Driven by such exponential developments in understanding the
biological assets codified in life on the planet, scientists are now
racing to put together what they call the "book of lifels)"the genetic
sequences of all complex species on the planet and the relationships
between them. So far, they have only decoded 0.28 percent of
the relevant DNA, but with DNA sequencing seeing a million-fold
decrease in costs since 2003 (when human DNA was first mapped),
this has made it viable for Juan Carlos Castilla-Rubio, chairman
of SpaceTime Ventures, to launch the Earth BioGenome Project.
This project aims to fully sequence everything on the planet, on
land and in the oceans, that has cells with nuclei, over the next
10 years. When it reaches full sequencing capacity, the project will
be generating about 1,000 to 2,000 times more data than that
produced by Twitter and YouTube combined.

Significant advances in Al and causal machine learning will be
needed to decode the many complex networks at work in this most
extraordinary book of life, which will provide a new foundation
for biological discovery and innovation at an unprecedented scale.

Page 4



Chapter 1

Castilla-Rubio's aim is to create a new inclusive bioeconomy that
can help solve the majority of humanity's problems in energy,
water, food, materials, healthcare, and transport in a rapidly
changing climate. Preserving life on the planet is not only critical
to our own survival as a species, but also to preserving nature's
vast biological intelligence, which has been codified in the book of
life over the past 3.5 billion years of evolution.

Today, biology has become fully digital, so DNA information can
effectively be coded as ones and zeros and can thus be programmed
to unleash a powerful nature-inspired innovation engine. In Castilla-
Rubio's view, biology will be the most valuable enterprise in the
21% century, and far more valuable than monetizing people's data,
but it depends on sharing the value of the assets fairly between
and across nations. This is the dual mission of the Earth Bank of
Codes!™ that the Earth BioGenome Project launched in partnership®
with the World Economic Forum.

What is AI?

Al is generally defined as the ability of a machine
to show intelligent behavior. It is often confused
with "machine learning," which is the ability of an
Al system to analyze raw data and from that learn
how to make predictions from new data.

, Deep learning combines Al with machine learning
\/{pl and was inspired by how the human brain works,
with its system of neural networks. An artificial
neural network is literally a computer program
or algorithm that organizes millions or billions of
transistors in a similar way to how a brain's neurons

interconnect to transmit nerve impulses.

Deep learning is being used widely in consumer
technology and increasingly in health and medical
applications.
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Castilla-Rubio makes the crucial point that to maximize the societal
value and public benefit from decoding the book of life, we need
to engineer governance on data access, data sharing, and the use
of protocolst® to avoid the vast concentration of wealth and power
in a few companies, and to proactively identify and manage the
risks and the many unintended consequences that the book of life
will certainly unleash. Engineering longevity is a case in point, and
we will explore the ethical considerations and social and economic
disruptions that it may bring to society at large in this book.

Living forever

All this talk of life assets being reduced to ones and zeros would
have been heresy before the 1800s, when most people believed
in "vitalism"—the notion that living things were endowed with
a magical property that distinguished them from inanimate objects.
In religion, vitalism was thought to be responsible for animating
the first humans, and also perpetuating the immortal soul.

This vitality—energy of life—is still the subject of so much research
today. Scientists are busy trying to understand this life force of cells,
and how to unlock the elixir that could keep us going, potentially
forever.

Ever since becoming "human,"” we have sought to understand how
we can become immortal—how to bottle up vitality. This is the stuff
of ancient myths, Greek legends, and modern literature.

The "Epic of Gilgamesh" is an ancient Mesopotamian poem that
tells the story of Gilgamesh, king of the city Uruk, who tragically
loses his beloved friend Enkidu—this compels him to find the
solution to prevent or overcome old age and death. On his journey,
Gilgamesh discovers a flower that can achieve rejuvenation, but
in the end doesn't use it. The moral of the story is that the king
becomes wiser as a result of his journey and achieves a different
kind of peace.
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Gilgamesh has survived the ages and is enshrined as a character
in popular culture too—as one of the Marvel Avengers with
eternal powers including virtual indestructibility, limitless stamina,
superhuman strength, and, of course, extreme longevity. But there
are many other stories throughout the ages: Herodotus' Fountain of
Youth, Rowling's philosopher's stone, Barrie's Neverland, and Ovid's
Cumaean Sibyl. The list goes on in the search for eternal youth.

Fast forward to the present day and eternal youth may soon move
out of the realms of myth!® and into reality thanks to developing
technologies. Three main technological shifts are driving the
innovation in biology and longevity (according to Alex Zhavoronkov,
a pioneer in Al and CEO of Insilico Medicine, who I interview
in this book):

1. DNA sequencing and synthesis: The cost of genetic
sequencing has come down to $100 per person
(compared to $24,000 only a few years ago™™), so
decoding our DNA is becoming accessible to the masses.

2. Al, machine vision, and machine learning is rapidly
developing.

3. Biological data collection and manipulation in the lab
is increasingly automated.

Combining these three applications presents a very powerful tool
for Al, which can be categorized in the following ways according
to Zhavoronkov!™:

* Machine learning refers to algorithms that can learn
from and make predictions on data.

* Deep learning is a subset of machine learning and is
based on neural networks.

* Reinforcement learning (RL) is a method of
directing unsupervised machine learning through
rewards and penalties.
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* Generative adversarial networks (GANs) are
structured, probabilistic models for generating
data and consist of two entities—the generator
and the denominator. The denominator checks
the authenticity of the data produced by the
generator, whereas the generator tries to trick
the denominator—it's kind of like learning to lie
without getting caught.

* Transfer learning is a machine learning method
where the set of learned features of a model for
a specific task is reused, or repurposed.

The applications of these tools within the field of aging research™
offer tremendous opportunities.

Al and understanding health
and aging
Aging is an almost universally unifying feature possessed by all

living organisms, tissues, and cells, which T will describe in the
next section.

Insilico Medicine uses GANs and RL to research "biomarkers
of aging" and to deploy novel methods for analyzing the most
important features underlying the aging process.

These techniques can also produce diverse synthetic molecular
and patient data, and help to identify novel biological targets and
molecular compounds with desired properties in much less time
than traditional methods used by pharmaceutical companies.

In fact, using these techniques, Insilico Medicine managed to
generate and validate a novel small molecule in just 46 days,
designing the drug from scratch—compared to in two to three years
by pharmaceutical companies following "accepted" practice. This
was considered the "AlphaGo" moment in health and was published
in Nature Biotechnology on September 2nd, 201903,
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Insilico's work shows that Al can reduce the 99% preclinical failure
rate in pharmaceutical and expedite the time it takes to go from
R&D in drug discovery to real treatments. Not surprisingly, these
developments are all of high interest to pharmaceutical companies
that are threatened themselves by technological disruption, especially
as Al talent is being siphoned by tech companies.

Modern Al will continue to drive the longevity!# biotechnology
industry, and contribute to the convergencel™ of countless areas
of research across the course of a human life. Better use of public
data, combined with digital tools and an understanding of the wider
determinants of health, will give us the ability to better identify
risks and help the people most in need before they become patients,
which is a big focus of this book.

At the moment, Al devices work independently of one another,
with data flowing through each device. The true power of Al can
be unleashed when these devices are connected and algorithms
can analyze datasets across these devices. The datasets collected
from multiple sources can be described as "multimodal datasets."
When these multimodal datasets are consolidated into one model,
and algorithms can generate completely novel insights, spotting the
patterns that would otherwise not be spotted in individual datasets,
this is called "multimodal learning."

The two main benefits of multimodal learning lie in more robust
predictions (since multiple sensors analyzing the same information
can act as a double-check and make predictions more precise) and
new pattern recognition (by combining multiple sensors).

The potential of multimodal learning to develop predictive and
preventative health strategies is colossal. Insights from genetics,
biological, behavioral, environmental, and financial data are
currently under-utilized and there are significant opportunities to
use Al and multimodal learning to predict disease and incentivize
healthier living through harnessing such "life" data.
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The opportunity for tech developers is getting these devices to
learn, think, and work together to produce novel insights. This
is the basis of research in aging biomarkers, for example, which
could lead to the development of strategies to minimize the risk
of dementia, or, indeed, cure it.

There are billions of petabytes of data flowing through Al devices
every day and the volume will only increase in the years to come,
which is why edge and quantum computing are so important.
"Edge computing” is a distributed computing model that brings
computation and data storage closer to the location where it is
needed, such as devices and sensors. This dramatically increases
processing times and will help with managing the proliferation of
data that will only increase in years to come.

Indeed, 2020 marks the start of what's been called "our trillion-
sensor world™" and data is quite clearly fueling the economy—
healthcare, finance, insurance, education, and beyond. Big Tech
knows this, which is why companies are investing so heavily
in health.

The Big Tech takeover of our health

Leading tech futurist Peter Diamandis"” predicts Apple and Amazon
will come up with a service where a person pays a company to
keep them healthy, rather than to cover the cost of illness, based
on their health history and daily activities. This approach makes
so much sense. This is where China and other Asian countries
are ahead of the game: the basic philosophy of Chinese medicine
that has been practiced for over 3,000 years is that prevention of
disease and maintenance of health is the main priority of doctors.
The doctor is paid a retainer to keep their patients healthy.

But do we want Big Tech to "take over" our health? As the use
of technology in our lives becomes more widespread, social, legal,
and ethical issues will grow in importancel',
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Amy Webb, professor of strategic foresight+” at New York
University's Stern School of Business, warns of scenarios in the
future when Amazon, Google, and Apple could run our households,
as well as our health. One day, smart refrigerators, for example,
could be calling you out for snacking between meals and smart
garages could start telling you to walk to work on a sunny day!

Amazon has big plans in healthcare with Alexa, which is already
helping people with dementia in their homes to live independently
for longer. The company has also launched its own health clinicl
for employees, a program called Amazon Care that provides virtual
and in-person urgent care, preventative care, and medication
delivery for Amazon employees enrolled in its Amazon insurance
plan. Amazon is also working on a health project with JP Morgan
and Berkshire Hathaway called Haven!,

Amazon has also been active in its response to the pandemic,
from prioritizing delivery for high-need items to launching a $20
million AWS Diagnostics initiative. Amazon Care also announced
a partnership with the Gates Foundation-sponsored Seattle
Coronavirus Assessment Network to deliver home testing kits for
coronavirus in Seattle.

Just recently, Amazon announced it is getting into the health
gadget market with a new fitness band and subscription service
called Halo™®. Unlike the Apple Watch or basic Fitbits, the Halo
Band doesn’t have a screen but comes with an app with standard
fitness tracking functionality but also two novel (some would
say disturbing) features: creating 3D scans of your body fat and
listening to the emotion in your voice.

Google is active in health and healthcare through the Alphabet
company Verily® and its Google Fit ecosystem for wearables..
One of its most notable commercial activities has been the recent
$2.1 billion acquisition of Fitbit.
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Google's core expertise in search is being applied to make it easier
for doctors to search medical records, and to improve the quality
of health-related search results for consumers across Google and
YouTube.

On the technological side, some of Google's innovations are mind-
blowing. DeepMind recently announced a new deep learning tool
called AlphaFold™3!, which can predict the innumerable ways
in which various proteins fold by analyzing their amino acid
sequences. The ability to predict a protein's shape is useful to
scientists because it is fundamental to understanding its role within
the body, as well as diagnosing and treating diseases believed to be
caused by misfolded proteins, such as Alzheimer's®#, Parkinson's!>s,
Huntington's"?®), and cystic fibrosis*”. Understanding protein folding
using tools like AlphaFold will aid drug discovery to fight today's
most intractable diseases, including COVID-19.

Apple is getting into healthcare through its on-site employee
medical clinics, Apple HealthKit, and Apple Watch. It is putting its
efforts into harnessing the value of lifestyle data to help understand
what keeps us healthy and develop the technologies to keep us well.

Some interesting Big Tech partnerships have formed in response
to COVID-19. For example, Apple and Google announced in
April 2020 that they are partnering to develop and deploy an
automatic, anonymous, Bluetooth-based contact tracing technology
for COVID-19, which is now being used in many countries,
including the US and parts of Europe.

Big Tech companies can easily build risk profiles based on all the
metadata they have. Apple and Amazon can already see what we
buy, how active we are, and what we eat via Apple Pay, Apple
Watch, Amazon Fresh, and Whole Foods. But Big Tech still can't
really learn the same way humans learn. Our intelligence is still
greater than theirs, but maybe not for long.
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In July 2019, Microsoft invested $1 billion® in the Elon Musk-
founded AI venture OpenAl, helping toward its efforts to build
artificial general intelligence (AGI) that can rival and surpass
the cognitive capabilities of humans. OpenAl's mission is to ensure
that AGI—which they mean as, highly autonomous systems that
outperform humans at most economically valuable work—benefits
all of humanity. In its charter, the venture states that it will actively
cooperate with other research and policy institutions to create
a global community working together to address AGI's global
challenges. In an open letter, it said: "We cannot predict what we
might achieve when this intelligence is magnified by the tools Al
may provide, but the eradication of disease and poverty are not
unfathomable."

Once Al can learn and solve problems in similar ways to humans,
it throws up more questions than answers in fundamental areas,
and especially ethics.

In his book Superintelligence, Professor Nick Bostrom, director
of the Future of Humanity Institute at the University of Oxford,
analyzes the steps needed to develop superintelligence, and the
ways in which humanity may or may not be able to control what
emerges, along with the kind of ethical thinking that is needed.
Bostrom suggests!®! that creating Al to understand human values
is essential to ensuring we will be safe. But inputting individual
lines of code to teach a superintelligent robot what humans care
about would be a nearly impossible task due to the complexity of
human emotions and cultural differences.

Cultural differences are at the heart of how Al is being developed
around the world, and the starkest differences are between China
and the US, which are both on a quest to lead the world in AL
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China winning the global Al race

So far, China is winning. The rise of China as a leading player in
Al research has been revealed by new figures showing how quickly
the country is gaining on the USB®., The 2019 Al Index Report,
put together by US academics and researchers, found that Chinese
companies are on average receiving millions of dollars more in
investment than their Western counterparts.

Why and how is China becoming so powerful here? For a start,
China has developed a completely different version of the internet
than the one the Westernized world is using. And it is all based
on phone technology using WeChat, a messaging platform that is
very much like WhatsApp. WeChat was developed by Tencent, a
social media giant, and it has quite literally exploded, becoming
ubiquitous in Chinese business, culture, and society. WeChat has
become completely integrated into people's lives simply because
all transactions can be accomplished using a tool in the palm of
your hand.

Its rise has been quick and is accelerating. WeChat now has
more than a billion monthly active users (1.17 billion as of Q1
202013) and a significant portion of all Chinese data traffic. It is
the "app for everything," acting as a social network, a payment
system, a communication medium, and, perhaps most ambitiously,
the infrastructure for business transactions through its "mini
programs,” which resemble Facebook pages.

The number of these mini programs is fast rising—it includes big
companies like McDonald's as well as the many tiny businesses
run in local communities—and on last count is equal to half the
number of i0S apps available in Apple's App Store(32!. Because the
mini programs run inside WeChat, business customers don't have
to sign up, log in, or add their credit card numbers, so it is easy
and seamless. It is supremely clever.
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In 2017, the Chinese Government published its ambitious national
plan to become a global leader in Al research by 2030, with
healthcare listed as one of four core research areas during the first
wave of the plan. WeChat will be a core part of this plan, with the
majority of China's 38,000 medical institutions registered on the
platform, enabling patients to engage digitally.

WeChat is now used to self-diagnose, look up drug information,
search medical information, schedule doctor appointments, and
process healthcare payments.

Not surprisingly, WeChat gave China a significant advantage in
managing the COVID-19 pandemic too. This includes its "Health
Check" app, which takes self-reported data about places visited and
symptoms to generate an identifying QR code that is displayed in
green, orange, or red, corresponding to free movement and 7-day
and 14-day quarantines.

In parallel with the explosion of WeChat, the Chinese Government
is building a so-called "social credit system!3!" that aims to collect
and analyze information on its 1.4 billion citizens and rate millions
of corporations, both domestic and foreign. Its goal is to keep local
governments, businesses, and people in compliance with national
directives.

Many Western commentators talk of social credit policy only in
very negative terms, through its potential to abuse human rights
and control citizens' behavior too heavily. This, of course, is a valid,
justified position in many respects.

However, on the technological front, it is clever as a gigantic data
sharing platform, with a universal "national API" allowing data from
over 1 billion citizens to be accessed, shared, and leveraged. Adding
in the magic dust of multimodal learning and edge computing, you
can easily understand why China is leading the race in Al
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Through its social credit policy, China guides its citizens' behavior
in ingenious ways—just like Big Tech does, but in the context of
a completely different cultural, political, and ethical framework.

Businesses are imaginatively nudged to behave as model companies.
Using Al, the system can rate firms for "credibility” or "sincerity."
The higher the score, the more benefits companies have access to,
but it goes the other way too—with blacklisted companies potentially
being denied access to cheap loans or facing higher import and
export taxes. For international businesses, the system looks at
business contracts, social responsibility, regulatory compliance, and
how many Communist Party members they employ to give a score.

In the West, China's Government is typically seen as a "citizen
controller,” but in China, they see the Government through
a different cultural lens—as a record keeper, whose central job is to
consolidate Government files. Keeping a central database of social
credit records means that important information can be accessed
by state agencies, city governments, banks, industry associations,
and the general public, and data on individuals and companies can
inform their own evaluations.

While China's Government does not issue social credit scores to
every individual (as of September 2019, it has not issued a social
credit score to any Chinese citizen), what it is doing is encouraging
local governments to use social credit data to develop their own
scoring systems for local residents.

Several cities in China have already rolled out such systems on a
trial basis, and many more are gearing up. "My Nanjing" is a good
example, tying together city transportation, environmental data,
hospitals, utility providers, civil affairs bureaus, courts, schools, local
financial institutions, and charitable organizations into a one-stop
shop for citizen services. Once logged in, citizens are able to view
certain aspects of their social credit files, including records of any
state-issued awards and honors, unpaid bills, traffic violations, and
any legal violations and administrative penalties received.
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While My Nanjing doesn't issue social credit scores (yet), it does
include a points system that nudges and rewards people for
behavior that protects the environment, while improving their
health. "Green points" are assigned to users based on their public
transportation choices, with points earned for walking, biking,
taking the bus, or riding the subway. Citizens can earn double
points for not driving on heavily polluted days.

Doesn't this sound like something the West should have in place?

The EU as a leader in "ethical AI"

Indeed, the features on the My Nanjing app look remarkably similar
to what Estonians are able to access via their e-Estonia program.
Estonian citizens can access all their records, including health
records, and choose to share them with anyone they wish.

Note the words "citizen" and "choose"—this is the point of difference
between how China and the European Union (EU) deal with data.
It is the citizen's choice in the EU—enshrined by the General Data
Protection Regulation (GDPR)—that stipulates that citizens are
the custodians of their data and can choose how and with whom
to share it.

While the EU is rarely considered a leading player in the
development of Al, certain EU countries like Estonia and Finland
are pioneering ethical ways of accessing and sharing data in a social
contract between the citizen and state that is very different to that
in the US and China.

I visited Estonia and Finland in April 2019 as part of a study tour
with Melissa Ream (an Al expert in health and adviser for this
book). We organized the study tour for senior health stakeholders
as part of the National Academic Health Science Network Al
Program in 2019 to see what we could learn and take back into
the UK scenario.
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We learned a lot, but, most important of all, we learned how
important trust is before data sharing can generate true rewards
for people and society. The extraordinary potential of data lies in its
value as a tradable public asset or societal good for the benefit of all.

Estonia is a digitally enabled society through its e-Estonia program.
Nearly every one of Estonia's 1.3 million citizens has an ID card,
which is much more than simply a legal photo ID. Technically, it
is a mandatory national card with a chip that carries embedded
files, and using 2048-bit public key encryption, it can function as
definitive proof of ID in an electronic environment.

Citizens have unparalleled access to a range of digital services
through a trusted data exchange (called the "X-Road"), built on
an open and secure data architecture. Citizens can lock and unlock
access to a range of services and see which professionals have
logged in (after granting access).

Estonia was the first nation in history to offer internet voting in
a nationwide election in 2005. The i-Voting system allows citizens
to vote from any internet-connected computer anywhere in the
world. In health, over 95% of the data generated by hospitals and
doctors has been digitized, and blockchain technology is used to
assure the integrity of stored electronic medical records, as well
as system access logs.

Finland is piloting the use of Estonia's X-Road to adopt as its
trusted data exchange, enabling it to collaborate beyond borders
(why have borders in a digital utopia, right?). It also passed
a law in April 2019 allowing for secondary use of data, which will
significantly accelerate innovation, particularly with Al

SITRA, the Finnish innovation agency, is pioneering an ethical
open data ecosystem through its work on the IHAN (International
Human Account Network)B4, a "human-driven data economy"
involving the creation of a method for data exchange and a set
of European-level rules and guidelines for the ethical use of data.
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The THAN standard is the "human" equivalent of the IBAN banking
standard. Finland has a strong well-being culture, empowered
through access to data; citizens take far more personal responsibility
for their health than most other developed nations as a result.

Overall, these data models all highlight how culture will influence
the use of Al in our lives and the role of the citizen versus the role
of the state in issues linked to privacy, security, fairness, justice,
liberty, and human rights. There is something to learn from all
of them.

Countries are paying increasing attention to the ethics of Al For
example, the UK set up the Centre for Data Ethics and Innovations!
in 2018. Singapore is establishing an advisory council on the ethical
use of Al and dataB3®. Australia's chief scientist has called for more
regulation of AI'®*”) and the National Institution for Transforming
India, an Indian Government think tank, has proposed a consortium
of ethics councils®®l.

In March 2019, the Leverhulme Centre for the Future of Intelligence
published a survey of the EU's Al ecosystem!3®, which highlighted
the key differences between the EU, US, and China. The report
revealed how the EU is more focused on ethics compared to the
US and China, but also flagged how its leadership in Al is being
hampered through less Venture Capitalist (VC) investment and
startup funding. The EU is beginning to address the funding
challenges through such initiatives as the VentureEU fund and the
European Fund for Strategic Investment, which may also ease the
"brain drain" of talented researchers and developers going to other
continents that are able to afford higher salaries through better-
funded ventures.

It is clear that brain drain, skills, and jobs will all be impacted
by the Al revolution. According to Yuval Noah Harari®!, poorer
countries will suffer as there will be less demand for the unskilled
labor they've typically provided and the more developed countries
will be able to invest in the specialized skills to meet higher demand
for jobs in the digital era.
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More than a decade ago, Thomas Friedman!# argued that the force
of technology is the key driver in flattening the world. However,
according to futurist Azeem Azhar#?, far from flattening the world,
technologies have fractalized it, and location matters. Indeed, there
are complex geostrategic maneuvers at work between China and
America in a world where existing institutions, such as the G7 or
United Nations, have less impact.

After months of slogging it out against the US trade sanctions,
some of China's most profitable tech companies are looking to
reduce their exposure to the US43, Recently, the US succeeded in
changing Britain's decision to include Huawei as one of its core
partners to bring in 5G technology—much to the anger of China.
The COVID-19 pandemic is significantly exacerbating these tensions.

The move from global to local

Azhar predicts that national governments will increasingly insist
on adhering to local laws and standards. Indeed, "localism" seems
to be in vogue. For example, India is insisting that critical data
relating to its businesses and citizens reside within India#4. In
the UK, there are interesting local initiatives being developed
through the Connected Health Cities program, which uses a data
sharing "consent wireframe" devised and overseen by local citizens,
who decide how their data might be shared for anonymized,
pseudonymized, and identifiable purposes. The level of transparency
enabled through an audit feedback loop (which confirms when
personal data was used and what it was used for) has been central
to developing and maintaining trust in the system.

Will such examples of "localism” swing the pendulum away from
"globalism"? Could we ever create global open standards? Would
nations adhere to them?

These are important questions as nations build their capabilities in
data and Al to solve the world's problems.
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The experience of COVID-19 has also thrown up big questions on
state authoritarianism versus citizen empowerment—and privacy is
a big concern for many. But the issue at the heart of everything is
trust—people need to trust science, business, the government, and
the media. People need to trust those institutions that hold such
power and influence over their lives.

Taiwan's response to the pandemic is a shining example of how
tech can build trust, accountability, and democracy by harnessing
citizen action®, In the earliest stages of the crisis, a month before
the World Health Organization (WHO) declared COVID-19 a
global pandemic, Howard Wu, a clever "citizen coder," developed a
crowdsourcing app using Google Maps where people could input
stocks of masks in pharmacies to help people find them. As the
app went viral, an equally clever government digital minister,
Audrey Tang, spotted the opportunity to extend the availability
of masks by distributing them through pharmacies affiliated with
Taiwan's National Health Insurance (NIH) system, keeping track
of them in real time. Tang then created an open-source portal for
mask data to be open to the general public and invited other tech
activists, in addition to Wu, to contribute too. Taiwan's collectivist
approach to dealing with the pandemic is being recognized globally
as a leading exemplar showing what open data, open governance,
and collaboration between citizens and government can achieve.

Professor Baron Peter Piot

World expert in global health; Director of the London School of
Hygiene and Tropical Medicine; Handa professor of global health

I met Peter at the National Academy of Medicine Healthy Longevity
Global event that took place on 3-4 February, 2020, in Singapore.
I had been asked to speak about the work we were doing with the
APPG for Longevity, 10 days before we were due to launch The
Health of the Nation Strategy, and I met Peter in one of the breaks.
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COVID-19 was definitely "in the air," so to speak, and on people's
minds—we had to use sanitizer before entering the conference suite
and I remember feeling distinctly uneasy when someone started
coughing in the row in front of me at one of the sessions.

Back from Singapore, I followed up with Peter to arrange a coffee
in London, and a date was set for 23 March to meet at his
office. This, of course, was a week after the first day of the official
UK lockdown on 16™ March. Unsurprisingly, Peter was getting
immersed in the UK Government's response to COVID-19, and his
office asked to reschedule the meeting.

I followed up in April and was told that Peter was unwell, but I did
not realize that at the time he was battling the COVID-19 infection
himself, suffering terribly from "the revenge of the virus" as he
described it when he had recovered.

He wrote about his experience very movingly in Science in an
article headlined "Finally, a virus got me." He was compelled to
publish the piece by a desire to communicate that COVID-19 is
about people first and foremost, not just about the statistics that
dominated the headlines. He also wanted to highlight that it is
potentially far more serious than flu, with chronic morbidity and
other long-term sequelae for some.

It turns out that Peter started suffering from the symptoms of
COVID-19, including fever and a sharp headache, on 19™ March
(he had started working from home on the 16™). He tested positive
in a private clinic on the 25™ March, as he had suspected. Peter
initially thought the infection would pass in a straightforward
manner, being fit and healthy, with his age (771) being the only risk
factor. He continued his work for a while as a special adviser to
the European Commission President, Ursula von der Leyen.

But the fever persisted, and complete exhaustion set in and was
getting progressively worse. On the recommendation of a doctor
friend, Peter went to get examined on 1 April, and discovered
he had severe oxygen deficiency and severe pneumonia typical of
COVID-19, as well as bacterial pneumonia.

Page 22



Chapter 1

He was hospitalized but tested negative for the virus at that time
(this is also typical: the virus disappears, but its consequences
linger for weeks).

Peter says this in his personal account: "I shared a room with
a homeless person, a Colombian cleaner, and a man from
Bangladesh—all three diabetics, incidentally, which is consistent
with the known picture of the disease. The days and nights were
lonely because no one had the energy to talk..but I always had
that question going around in my head: how will I be when I get
out of this?....after fighting viruses all over the world for more
than 40 years, I have become an expert in infections...they got me,
I sometimes thought. I have devoted my life to fighting viruses and
finally, they get their revenge."

My interview with Peter was on the 29™ June. By then, he had
been interviewed by many newspapers and broadcasters around
the world, including the New York Times and the BBC, on his
personal experience and what the pandemic is teaching the world.
I was obviously very grateful to Peter that he kept our appointment!

Peter has an extraordinary background. His official biography is
rich with the numerous prestigious posts he has held over his
40 years as an expert, but what stands out is his pursuit of access
to health for all.

Peter co-discovered the Ebola virus in Zaire in 1976 while working
at the Institute of Tropical Medicine in Antwerp. He was one of the
leading critics of the UK, UN, and WHO's response to the Ebola
outbreak in West Africa in 2014, which he thought was too slow.
In 2014, he was named "TIME Person of the Year" ("The Ebola
Fighters").

He also led research on HIV/AIDS, sexually transmitted diseases,
and women's health, mostly in sub-Saharan Africa. He was the
founding executive director of UNAIDS and Under-Secretary-General
of the UN from 1995 to 2008, and an associate director of the
Global Program on AIDS of WHO.

Page 23



Introduction

Under his leadership, UNAIDS became the chief advocate for
worldwide action against AIDS, also spearheading UN reform by
bringing together 10 UN system organizations.

Peter is the first chair of Her Majesty's Government's Strategic
Coherence of ODA-funded Research (SCOR) board and is also a
special advisor to the president of the Furopean Commission on
research and innovation for COVID-19. He is a member of the board
for the Coalition for Epidemic Preparedness Innovations (CEPI).

Peter has published over 600 scientific articles and 17 books,
including his memoir No Time to Lose in 2012 and AIDS Between
Science and Politics in 2015.

Tina Woods: You've been in the field of virology for so many
years. You've seen viruses grip communities and nations, and then
suddenly you caught COVID-19 yourself; what surprised you about
the experience? Did your experience as a patient match up to what
you would have expected as a professional?

Peter Piot: Good question; I actually never expected I would get
ill! T've never been ill in my whole life, or seriously sick, so I've
been lucky at 71. I never thought about it. I didn't assume I was
invincible or immune to COVID-19, but getting sick was just not on
my radar screen. When I got it, I thought—as I believe the majority
of people thought, as the consensus was then—that I'd be OK. I
thought that with COVID-19, either you're asymptomatic or it's a bit
like the flu, or sometimes a bad flu; 1% of those infected die, and
they're older people anyway, and they have pre-existing conditions.

We were primed to think of it as if those deaths don't count. The
more I thought about it afterward, I got really angry at some points.
It's a very eugenic discourse and that's reflected in how in many
countries—including the UK—care homes were treated seriously, or
not. That's actually one of the reasons I came out of the shadows
to talk about this.
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I told the world that there is a lot in between. This disease is
much more nuanced, and there's a lot of chronic sequelae—chronic
conditions that could be with you forever that hang around as
a result of this disease.

On the other hand, once I was admitted to the hospital, I became a
patient 100%. I didn't try to be the doctor. I've said before that I'm
not the type of person who tells a taxi driver which route to take.

Tina Woods: Yeah! You let them look after you, then?
Peter Piot: I let them do their job, yes.

I was also so exhausted, and actually quite confused, so I was not
capable of thinking clearly. I think, retrospectively, it was a good
experience. I mean, it was a terrifying experience, yes, but it was
good to feel the virus inside, and not just look at it and try to
defeat it, in some way or another, from the outside.

My mother tongue is Dutch, and we have this term
"ervaringsdeskundige,” which means "experience expert." It comes
from the social side of government, from social policy-making. You
wouldn't dream of developing policies for, let's say, the elderly, by
only speaking to experts and not by involving people who are old.
I come from the AIDS movement, and people living with HIV have
been involved from really quite early on as part of our reaction
to HIV/AIDS.

I think what getting infected has also done for me is make it clear
that the official communication on COVID-19 has not been about
people; it's been about flattening the curve. Certainly, the UK was
probably an extreme example; you had ministers, even the Prime
Minister, giving lectures about the reproductive rate (R) and
flattening the curve. It was about saving the NHS, and so on; and
then, as an afterthought, it was about saving lives.
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That's why I think there was so much interest in my story. I gave
the first interview to a Flemish weekly magazine, because I'm very
well known in Belgium, and that was to help raise awareness. Then,
when the interview was taken up by Science, it got millions of
views. That was very interesting to me; it showed that there was
a gap in the whole communication strategy and the storytelling.

Tina Woods: Where do you think, internationally, the public health
messages were right? T know we certainly have got it wrong in
the UK on a number of fronts, but what do you think the message
should have been?

Peter Piot: Well, of course, the benefit of hindsight is always there.
I'm probably a bit milder than many other people about all the
mistakes we've collectively made, but the most important message
is that the severity of this epidemic is unprecedented. I think that
the communication of that message wasn't very well done.

I gave some talks about this with non-health experts in Singapore,
but I don't think people internalize how contagious it is. Because
of that, acting early is one of the most important things. That's
one lesson that's particularly true for anything that's contagious;
if you can nip it in the bud, you basically prevent not only the
next generation of infections but the n'® generation. In essence,
by preventing transmission in the beginning, you can prevent the
whole chain that comes afterward.

COVID-19 also illustrates how important it is to prevent the
development of obesity, diabetes, and cardiovascular disease through
healthy lifestyles. I probably was lucky because I am not ill; I have
no underlying conditions.

On the other hand, I got some messages from friends saying, "You'll
be fine; you're a strong person.”

In the hospital, I'm there thinking, "Well, there are certain things
that your body does that are not under your control." You can't
do anything at that moment of crisis, but you can make yourself
more resilient as an individual or as a society.
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The most important lesson for a government is to act early and
at a scale that makes a difference, and an accompanying issue is
maintaining enough trust in the government to do that. That's a
big difference in what we've been seeing in Fastern Asia compared
to Europe. There's one thing they had in Singapore, in Hong Kong,
in Taiwan, and in South Korea: the SARS experience.

Tina Woods: Of course, they learned a lot from that.

Peter Piot: Yes, but we've also had lots of events to learn from.
Afterward, we always say, "No, never ever again,” and so on, and
then we start again as if it were erased. Where SARS hit, those
people learned from it, but more importantly, they set up a system
to be ready when the next thing happened. It's not enough to learn
and to say that we'll remember; you need to institutionalize that.

Internalizing the necessary changes, and making them part of
the culture, is another essential element in making these changes
stick. For example, in Japan, since the Spanish flu, people wear
face masks even when they have a stupid cold to avoid infecting
others. It's become part of the collective consciousness, and part of
what's considered good behavior for the community.

Tina Woods: The masks are worn in a sense of collectivism, for
the public good, then?

Peter Piot: Yes, the collective good. When in Japan, or in Singapore,
people wear a face mask or a mouth mask, but it's not to protect
themselves: it's to avoid infecting others. It took me a while to
understand that; I've been going to Japan and Fast Asia for a long,
long time, and at first, I thought, "These are people who are scared
of others." I was completely wrong.

I've had a very hard time understanding the resistance to face
masks and mouth masks. It's there in individuals as well as
governments. I think in the UK, they still haven't said that it's
compulsory [this advice has partially changed since this interview]
and you can even hear resistance from scientists who say that the
evidence is weak, and so on and so forth.
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But they're cheap, there are no side effects, you can even make it
yourself, and it can be sexy!

Tina Woods: I have seen some sexy face masks and some real
creativity there! I think, if nothing else, it's a reminder of the fact
that this is serious. That's what I found when I put the face mask
on; initially, I found it very odd, but it's a very good reminder.

Peter Piot: I wear it as a reminder, too. I'm not contagious to
anybody, and I assume I can't be infected because I have immunity.

Tina Woods: Is that true, though? Do we know for sure how long
the immunity lasts?

Peter Piot: There's a lot we don't know, but frankly, if that's not
the case, then a vaccine is impossible. In any case, [ wear my mask
whenever I go into a cubicle or an inside space in a shop because
we go every morning to buy bread and vegetables, and what have
you. I also always wear it on public transport, just as a way to let
people know that hey, this change is coming.

Tina Woods: I think the key messages in what you've said are that
governments and individuals need to act early, and that prevention,
by remaining in good health, is important. Is there anything else
you want to add to that?

Peter Piot: We need to be ready, meaning that we have a
combination of systems in place: real-time intelligence on what is
going on, cultural attitudes, and mental preparation. I think that
these are the key issues. As a general reflection, you can assume
that societies that are more cohesive are more resilient and are
therefore better prepared for shocks like this.

Tina Woods: The sheer level of infections and deaths in care homes
was a bit shocking, wasn't it? What do you think it told us about
our values as a society?

Peter Piot: It was very shocking. As I've said, my work on HIV
and epidemics has revealed how they exacerbate the fault lines in
society, and make inequalities worse.

Page 28



Chapter 1

With COVID-19, the fault line that worsened the most in my opinion
was how we treat our elderly; on the other hand, it revealed once
again the higher vulnerability of ethnic minorities. Although we
haven't totally understood why that's the case, in the US, a big part
of that vulnerability is due to limited access to care. In the UK, that
factor's a bit less important because we've got the NHS, but there
are still maybe some genetic factors, as well as social discrimination
and other social factors that are relevant. However, we've seen
the higher vulnerability of ethnic minorities being exacerbated by
different epidemics before.

The way the elderly have been affected by COVID-19, though,
is something new. I mean that in the sense that I can't think of
anything else that has revealed just how badly we are dealing with
our elderly citizens. I've been in elderly care homes, though I'm not
familiar with the British system. I know the Belgian system, because
my parents were part of that before they died. My mother died in
September, but she died with dignity, at a moment that she had
chosen to die, which is something that's been possible in Belgium
since '96. The economic situation and the housing situation mean
that for most people, it's no longer possible to have, say, three
generations in one home as used to be the case. So, what do we
do when you're no longer productive, or when you become a bit
of a nuisance for everybody? We park you in a pre-mortuary type
of institution.

If you've got the money, then you can have even a butler and all
that. There is an enormous class dimension in the quality of these
institutions. But if you seriously think about it, this is how your
old age is going to be; how comfortable you are in it depends on
whether you have the money to affect it. Plus, of course, it depends
whether you're abandoned by your family, and so on. Another
revealer of this problem we have with how we treat our elderly
citizens was the heatwaves in France in 2019. I read articles about
old people who died during those heatwaves on their own, and it
took two or three weeks to find out they were dead. It's so sad,
this loneliness.
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I think that it's interesting in the UK that the Department of Health
changed its name to the Department of Health and Social Care
in 2018. I never got a sense that social care was taken seriously
budgetary-wise, and I'm a bit surprised when you look at it
politically because older people are first in politics. They vote the
most; they put pressure on their MPs; and they're well organized in
many countries. Despite that, social care has been absent from the
agenda of the politically active older generation. I never understood
that. It may be completely unfair what I'm saying because it's a
field I'm only viewing from the outside. I don't know for sure, but
I've never seen a campaign in the media, or people testifying to
how bad it is.

Tina Woods: All the data shows it's the most vulnerable who are
hardest hit by COVID-19: those in deprived areas, the elderly, and
the already unwell. Do you think there are any long-lasting changes
that will come out of this pandemic?

Peter Piot: Well, I always have hope, I'm an optimist. Experience
shows that it's not always the case. That's why it's important, I
think, to understand that today we're in the midst of a crisis. It's
not over. With this pandemic, we're only at the beginning; we're
right in the midst of it. That means it's definitely worthwhile to
take stock now and learn for the next wave. We need to put in
place now, or start a discussion about, what we need not only for
this next wave but also for the next epidemic, in 5 years' or 10
years' time. We need to start now, and not wait until it's all over,
and when it no longer has any use.

Tina Woods: There's been a rise in nationalism and putting one's
own country first during the pandemic, but there's a culture of
openness that we need in terms of data sharing to help stop future
pandemics. What do you think nations, and the global community
of nations, need to do moving forward?

Peter Piot: First of all, we need to take a good and hard look at
what happened. That's not about who's to blame—I don't think
that's very useful—but about what the lessons are that we can learn.
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We need to consider the immediate future, and the next outbreaks
and waves. Next, we can start thinking in the longer term. For
example, take Germany in Europe. I think Germany and Denmark
probably had and have the best responses, and that's reflected in
the lowest death rates and the lowest infection rates.

Part of that might be the backgrounds of the leaders—the German
leader is a physicist. I'm not saying that people with a medical or
scientific background make better politicians, but I do think there
is an immediate understanding there of what needs doing; there is
far more resolute leadership early on. There's been an interesting
combination of strong national leadership and local implementation
in the individual Lander, the federal areas of Germany. The central
leadership gave a lot of resources and authority to local authorities.

In the UK—I knew this, but I hadn't understood how bad it is—it's
a hyper-centralized country. No wonder Public Health England
wanted to control everything to do with testing, and no wonder
they were unable to do it, particularly since it was a home-based
test. They weren't working with businesses, or with private firms,
or with universities and labs. It's all about logistics, organization,
and coordination when dealing with pandemics; it's all about
communication. Government test stats show that these are not
strengths of governments in general. Letting go is essential. By that,
I mean that the UK Government needs to provide the resources,
have the policies, take the decisions, and then let people do things.
That's what's happened in other countries.

Tina Woods: That's something that we're also exploring in the
All-Party Parliamentary Group that we're doing with the Health
of the Nation: building up resilience for the next epidemic, with
this concept we're calling decentralized health resilience. It's about
health in our communities, starting individually with taking care
of ourselves and building up from there and mobilizing local
and regional networks to act quickly. There's a role for central
leadership, but the implementation is very much driven from the
ground up. Which countries are effective models that we could look
to for inspiration, moving forward?
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Peter Piot: National leadership is the easier one in a sense, because
countries that have done well have seen strong leadership at the
top. That's why when people say this is a public health crisis, I
say no, this is a societal crisis, which requires the leadership of
whoever is in charge in the country—prime minister, president, or
whatever. We've seen it in Singapore, in Thailand, in South Korea,
and in Vietnam.

There's another interesting lesson in the transition to the second
part: Vietnam is a hyper-centralized society and politically controlled,
yet the response has been very locally driven. Rather than to go
for a nationwide lockdown, they did it sometimes as locally as by
neighborhood, by company, by factory, or by schools. Rather than
go for the bulldozer approach, which we've been using in Europe,
they went for a more granular, more targeted or tailor-made
approach. That's, I think, where we are now. This consensus is what
we need to cope with the second wave and with particular local
outbreaks. You used the term "localized resilience," is that correct?

Tina Woods: Decentralized health resilience. It's an approach
where you're building from the bottom upward; it's this notion of
decentralized networks.

Peter Piot: I like that a lot. I mean, it's nice to have the NHS, but
it's also problematic to have the NHS as it is now with the hyper-
centralized system. When you go to procurement and action, it's
too slow and it's too heavy. And I never understood why one of
the strengths of the NHS, primary care and GPs, who are much
more connected to the community than hospitals, were excluded
from the response.

Tina Woods: What key legacy points, moving forward, do you think
we need to take on board as a country?
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Peter Piot: I think we need to mobilize resources, not just money,
to invest in new systems. In the UK, we can see that Public Health
England is not fully equipped to the task. Frankly, its budget—the
budget for public health and for the prevention of disease—has been
cut. (Since this interview, the decision was taken in August 2020 to
disband Public Health England; in its place will be the formation of
National Institute for Health Protection (NIHP) that will absorb
the pandemic response unit of PHE and combine it with the NHS
Test and Trace service and the Joint Biosecurity Centre.) This is not
recent. This has been going on, I think, from even when Labor was
in power. I think it's been going down every year, because there's
pressure to put money into the NHS into curative things, rather
than prevention (since 2014, it is estimated that £850 million has
been cut from public health budgets in England™®). That's also
why care for the elderly and for others has been left out. Then,
we spend all that money when someone from a care home has to
be hospitalized, at enormous cost.

It doesn't make sense. Working out how to fix that, in political
terms, is massively important.

Tina Woods: Is it fair to say that one of the key takeaways from
the pandemic is that we need to focus more on prevention?

Peter Piot: Absolutely. But then, you see the rhetoric again; the
UK Prime Minister, Boris Johnson, said, "We are going to build
100 new hospitals." I'm not sure that we need that, but that's very
concrete. Compare that to saying, "We are going to cut obesity
and diabetes and so on, by doing this and that." They're not very
popular measures, but would contribute far more to the health of
the nation than 100 hospitals. I am pleased to see that the PM and
the Government are now going to tackle obesity.

Tina Woods: Do you think viruses sometimes get overlooked when
we talk about planetary health and respecting the environment?

Peter Piot: Of course. I'm biased because I've spent much of my
professional life dealing with viruses, but they do, it's true.
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I remember when I was in my last year in medical school in Ghent
in Belgium, and I did some of what today would be called career
counseling; I don't think that term existed in '73! I said I wanted
to study infectious diseases, and I wanted to specialize in that. All
my professors said, "No, no, no! There's no future in infectious
diseases. We've got antibiotics. We've got hygiene and vaccines." 1
still went for it, being a bit stubborn and thinking that you need
to follow your passion.

There are cancers caused by viruses. When you think of liver
cancer, you should think of hepatitis C; cervical cancer is caused
by human papillomavirus. We have a cancer that's preventable
through a vaccine, and really, isn't that wonderful? Looking at the
take-up of the HPV vaccine in some countries, Britain is doing very
well on that one.

I think we will see that more and more things are linked to
viruses, and not only viruses but the whole microbiome (this is the
aggregate of microbes—bacteria, fungi, and viruses—and potentially
harmful ones, but mostly helpful ones). It's not just that an evil
virus is attacking us—we need to understand it in the context of
the wider microbiome. There is a kind of harmony of microbes in
our guts—and there are more and more indications that something
like that harmony exists with viruses as well.

Tina Woods: When it comes to the human impact on biodiversity,
what do you think is the most important thing to understand from
the general citizen's perspective?

Peter Piot: One extreme perspective is that these epidemics, these
emerging infections, come from animals. In large part they come
about because of risky interactions between animals and people,
and sometimes extremely risky ones in poorer parts of the world.
That's true in Central Africa, where everywhere people eat the
proteins that are surrounding them, but also in China with the
consumption of even threatened species. There's that, plus the
whole modern food industry.
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I'm not a vegetarian, but when you think about it, the way that
food is produced and sold in the modern era is a very high-risk
business. In the old days, when a small farmer had a few chickens
dying from a microbe, that was bad for him and for the chickens.
Today, you have literally a million chickens in one farm and they're
sent all over the world. Industrial farming increases our risk of
exposure, and the potential for novel viruses. That's one aspect.

On the other hand, we live in a completely obesogenic environment.
That's certainly the case in Western countries, but also, increasingly,
elsewhere. Think of the fact that even in Africa now—in South
Africa—the percentage of women who are obese is as high as in
the US.

All that together, plus the ever-looming threat of climate change,
means that we really need to question, fundamentally, how we
live and what we do and don't do. This is where planetary health
is becoming very important as a concept. The question is how to
translate that into action in the environment.

Tina Woods: So, if you had to pick one core message that you
would want to say to the average punter about planetary health,
what would you say?

Peter Piot: In order to have a better future for everybody, we need
to not only work on our own health but also respect the health
of the planet. That means thinking about biodiversity, how we
consume food, how we produce it, and respecting the environment.
I learned a lot about that from the Navajo and Hopi, and it had
a big impact on me, particularly since they are so poor. I think
that the core message is moving away from thinking we're the
masters of the universe and everything around us. We need to stop
thinking the universe is at our disposal and we can do whatever
we want with it.

Page 35



Introduction

Tina Woods: Going back to health resilience: we've seen how huge
a risk poor health is, on its own but also with the epidemic. Do
you think we need a risk management framework for health like
we have for climate change? Health is where the climate change
agenda was 10 years ago—shouldn't we be guiding investment
and innovation decisions by ESG mandates, like we do for climate
change, and applying them to health?

Peter Piot: This seems essential. In terms of risk management for
COVID-19, I think that there's some serious cognitive dissonance
around it; there's this idea that we're going to end this epidemic,
eliminate it, wipe it out with a vaccine, and so on. I don't think it's
realistic. We need to see, as a society, that it's about harm reduction
and about risk management. I think that's true for everything
because I'm also realistic enough to know that we need jobs and
employment. People need to move around. It's something I'd like
to read more about.

Tina Woods: One final question: how have you changed your
lifestyle since getting ill, and what is your secret for a healthy, long
life now that you've gone through what you have?

Peter Piot: I think I'm looking for a better work-life balance—
although I've not been very successful! Right now, frankly, I'm
still in recovery. I'm rebuilding strength. There's no qualitative
difference in my lifestyle yet, but I'm trying to do more exercise.
I'm paying more attention to all kinds of things. I lost seven kilos
with COVID, which is more than I ever succeeded in doing with
exercise and diet, so I will try to keep it that way. I think that's a
question to ask me again at the end of the year, to see whether 1
actually followed up on my intentions!

Page 36



Chapter 1

Final thoughts

Citizens have a crucial role to play ahead in shaping the "new
normal” and choosing between nationalist isolation or global
solidarity. The epidemic itself and the resulting economic chaos are
a global problem that can only be addressed through collaboration—
and we should take stock of how more "collectivist" countries
are weathering the pandemic storm far better than the more
"individualist" countries are to date.

In order to beat COVID-19 and minimize future viral threats, we
need to share information globally. But we also need to act locally to
harness trust from our citizens, building individual and community
resilience—and from there national health resilience. The concept
of decentralized, or distributed, health resilience is something we
will explore in this book.

Scientific cooperation has exploded in the quest to understand
what puts people at risk of infection, why some suffer more than
others, and what treatments and vaccines might be able to prevent
further deaths. The next chapter will lay the groundwork on the
science of aging, including the role of genomics and regenerative
medicine, as well as more ethereal considerations on what gives
us the "will to live."
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CHAPTER 2

WHO WE ARE -
AND WHAT
DRIVES US

"Gilgamesh went after death itself... It's the original
hero's journey, which everyone in modern society is
familiar with whether that's through Marvel movies or
Star Wars.... It's literally the story of humanity, and we
are blessed to be alive in this unique pivotal moment. We
shouldn't take that for granted.”

- Keith Comito, President, Lifespan.io

"It's important to look at biomarkers or aging clocks....
They are the predictors of biological aging at every level:
molecular, psychological, and societal. AI will give us the
ability to identify specific areas where we can intervene....
Once you realize what kind of impact this field can have,
and what kind of tragedy a delay could cause, stopping due
to ethical arguments would be a crime against humanity.”

- Alex Zhavoronkov, CEO, Insilico Medicine



Who We Are - And What Drives Us

So, where do we begin?

Curiosity has driven humans to understand where we come from,
who we are, and where we want to go in future. Right now, it
seems we are in a race to catapult Homo sapiens into "Homo
extraordinarius,’ and there are respected thinkers with astonishing
predictions for the near future.

According to Yuval Noah Harari, author of best-selling Sapiens:
A Brief History of Humankind™, human beings are all algorithms,
and Al will overtake human beings. He reckons Homo sapiens
will continue to evolve in the age of digital in one of two ways.
The first is that we use technology to augment ourselves into
"superhumans." The second is that we become something completely
distinct from what we are at the moment—a new species spawned
through Al. This new species would be inorganic but still living,
breaking all the rules of life that has evolved organically for over
four billion years. If this new non-organic living entity became more
powerful and more intelligent than humans, Darwinian evolutionary
theory says this new species would take over. Is this science fiction
or could it actually happen?

Peter Diamandis is best known for being the founder and chairman
of the X Prize Foundation, as well as the co-founder and executive
chairman of Singularity University. He says we are moving
from "simple Darwinian natural selection to intelligent direction
and meta-intelligence"!. Diamandis has a theory of the next
stage of humanity's evolution in four stages with parallels to
previous evolutionary stages of life on Earth: 1) progression of
our interconnected world; 2) development of brain-computer
interface (BCI technology); 3) application of BCI with Al for 'meta-
intelligence' in which we are all highly connected brain to brain via
the cloud; and 4) man becoming an interplanetary species reaching
the final frontier of space. He argues that in the next 30 years,
humanity will move from the first stage—where we are today—to
the fourth stage.
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I believe the idea of creating Homo extraordinarius, or a new
superintelligent species is still a little way off despite Harari's and
Diamandis' prognostications. Today, most of the Als we use are
"narrow." Machines can perform particular tasks (such as beating a
human at Go) but we are yet to create machines which have broad
general intelligence, which is to say machines that can turn their
intelligence to novel tasks. We've not yet created consciousness in
an Al; we have not yet created intelligent life. However, scientists
think that day is not far away, creating excitement for many, but
concerns for others such as the late Stephen Hawking.

Before we delve into where we might be going, I want to talk
first about where we have come from and what we are born
with: our genetic code. Our understanding of what makes each of
us exquisitely unique has exploded in recent years, and expanded
exponentially with the help of AL But Al isn't just a dream for the
future that might create new forms of life—it's a tool in the present,
capable of changing the lives we lead right now.

In this first chapter, I want to take you from a baseline appreciation
of genomics, including what our genes can and cannot tell us about
our future, and show you how advances in computational biology
and epigenetics are taking us into a new zone of understanding
the aging process and exploiting opportunities to live much longer.
Some are trying to conquer immortality, but most of us are still
trying to understand what makes a good mortal life.

The Genomics Revolution

"I think the number one thing you can do for your
happiness is look after your health. People invest
in mobile phones; they invest in cars; they invest
in holidays; but people neglect their own health.
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I've seen people happily spend a couple of hundred
pounds for a tracksuit. But for that same money, you can
go and get a full blood works test... I think that putting
a little bit of money aside every month to put into your
health is probably one of the best things you can do."

- Eddie Hall, World's Strongest Man, Epigenetics
Evangelist

The genomics revolution is here, and the research is being
accelerated by the use of AL Literally every day, new ways are
being discovered in which we can make the most of our genetic
inheritance.

My mother used to take pride in the fact that I was quite tall. At
the age of ten I was already taller than her, and she's 5'3". I am
now 5'11", and of my three sons the shortest is 6'3" and the tallest
is 6'7". I remember at the age of ten someone asking my mother
"what is in her genes?" I had heard "jeans," so of course worriedly
looked down, blushing, to see if there was some visible rip or stain
about to humiliate me in public.

Fast forward a few years later and I was studying genetics at
Cornell, fascinated with the "recipe" we get from our parents, and
their parents, and so on, the instructions for what makes us. I have
always been fascinated with this idea that we are created from this
intricate blueprint of life. At university I remember countless trips
to the lab, grouping and counting drosophila flies; I didn't come
up with anything ground-breaking then, but years later in 2017,
researchers discovered that a genetic mutation called the E(z) gene
leads to increased lifespan in fruit flies™ by up to 20%.

The genetic blueprint for drosophila—let alone humans—has been
years in the making. Billions of years. The earliest prokaryotic life
(simple, single-cell creatures without even a nucleus) appeared
about 3.5 billion years ago; even if we look at a closer ancestor,
it's been 400 million years since the first vertebrate fish species
emerged from the ocean, bringing complex life out of the water
and onto the land.
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I heard Laura Deming, the Founder of Longevity VC, speak recently,
and immediately afterwards introduced myself to her. She has a
personal obsession with understanding this evolutionary process
and its connection to longevity. The first point she makes on her
excellent website (https://www.ldeming.com/longevityfaq) is
that "As you get older, the chance that you will die goes up." So
simple, yet so true. When she was living in her native New Zealand
she became fascinated by the fact that mutant genes could make
nematode worms live longer, and at the age of 12 (when I first
discovered the difference between "jeans" and "genes") she had
already been accepted into Cynthia Kenyon's lab in Silicon Valley
to study this in more detail. After helping Dr Kenyon for 2 years
Laura went on to study at MIT before starting Longevity Fund
(https://www.longevity.vc/), the first VC firm dedicated to
funding high-potential longevity companies, in 2011. Laura is a
child prodigy and an incredible person. I wonder if she has done a
DNA test to try and understand where she gets her curiosity from?

Testing your DNA

Testing your DNA is now mainstream. According to MIT Review!s),
more than 26 million consumers in the USA alone had added their
DNA to four leading commercial ancestry and health databases by
the start of 2019. One of the reasons DNA testing kits have taken
off is because the cost of genome sequencing has come down to
about $100, which has enabled a torrent of companies to get in
the business of offering DNA testing to the masses who can now
afford them. I personally know the CEOs and founders of quite a
few of them, like Chronomics and Muhdo.

So, what can you learn about yourself when you take a DNA test?
And what can you do as a result of this information?

Your DNA is what is also called the genome—think of your body as
hardware, and DNA as the software that runs the machine.
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Our DNA comprises a sequence of 3.2 billion letters made up of the
nucleotides adenine, thymine, cytosine, and guanine, or As, Ts, Cs,
and Gs; DNA determines everything from the color of your eyes,
hair and skin to your risk of disease, and even affects the type of
personality you might have.

People are now using it to set their diet and even for dating!
Further down the line, as more studies are conducted and more
data is analyzed with the help of Al, "polygenic risk scores" will
help us rank our genetic potential for everything from getting
Alzheimer's to being a genius (and you can imagine the ethical
minefield already happening around the idea of "designer babies").

Polygenic risk scores are metrics that collect information from
tens, hundreds, thousands or even millions ("poly") of your genetic
variants ("genic"), and condense that information into a score
that measures your genetic predisposition to specific diseases or
complex traits such as depression, schizophrenia, dementia, and
even educational achievement.

Even your sense of taste is affected by your DNA. People who
possess a specific gene are repulsed by certain vegetables, which
will provide a "ruin-your-day level of bitterness"® when tasted,
according to scientists. The same gene also makes people averse
to dark chocolate, coffee, and beer.

Genes influence, and are influenced by, sleep. Margaret Thatcher
was known to only need four hours of sleep a night, and Tim Cook
reportedly” wakes up at 3:45 am to start work. Barack Obama
said he only sleeps about 5 hours; Donald Trump and Elon Musk
have both said™® they sleep only a few hours a night. Perhaps it
is in their genes; recent research! shows that there exists a DNA
mutation which lets some people live healthy lives on only 4 hours
of sleep. In the other direction, according to Mathew Walker"™, who
wrote Why We Sleep, lack of sleep can also influence your genes.
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Missing sleep can increase your risk of death via disrupting the
production of the sex hormones estrogen and testosterone, and
also by accelerating the aging process.

Genes are also implicated in your risk of heart disease, the leading
killer in the developed world. Recently, the science journal Naturel™
reported a study analyzing data from 420,000 individuals in the
UK Biobank. That study showed that a simple blood or saliva test
could identify babies born with a high genetic chance of having
strokes in later life, allowing doctors to help them to reduce their
risk. About one in 400 people has this genetic risk. Scientists have
said that the test provides a more accurate assessment of stroke
risk than traditional measurements based on family, environment,
and lifestyle factors.

What about a "longevity gene?" Recent research published in the
journal Celll'” showed that the gene Sirtuin 6 (SIRT6) is linked
to longevity through conferring more efficient DNA repair—seen
in species with longer lifespans. The research reveals new targets
for anti-aging interventions and could help prevent age-related
diseases (and by the way, being tall, I was pleased to read recently
that longevity was positively correlated with being tall, slim, and
female in a recent study conducted in the Netherlands!!s))

Influencing your genes

Understanding your genome will help us understand how to
make the most of what you have inherited from your parents.
But new scientific research is also showing how important our
environment and lifestyle are in terms of influencing the expression
of these genes—meaning we can dial up or down the expression
of our genes, through our actions and choices. This is known as
"epigenetics” and refers to external modifications to DNA that turn
genes "on" or "off"—not changing the DNA sequence, but rather
by influencing how cells "read" the genes and respond, through
altering the physical structure of DNA.
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One example of an epigenetic change is DNA methylation. DNA
methylation is the addition of a methyl group, a tiny chemical flag,
to part of the DNA molecule; this methyl group prevents certain
genes from being expressed (we will come on to this later when
we describe "aging clocks"). Epigenetics is the reason why a skin
cell looks different from a brain cell or a muscle cell. All three cells
contain the same DNA, but their genes are expressed differently,
which creates the different cell types.

As we accumulate more knowledge from research into genomics
and epigenomics, this will help us guide the development of
personalized health plans unique to each of us, making the most of
our personal genetic blueprint. Imagine a dashboard that could tell
you the best foods, the most appropriate drugs, the most suitable
exercise regimen, and the right supplements to achieve your
optimum health? Imagine being able to predict your response to the
microbiome, identify the gut flora best suited to you, and provide a
calculation of your risk of disease. Most importantly, imagine you
could be told how best to prevent these diseases, through choices
and decisions that lie within your control.

Personalized health is already here and developing fast. I have been
a guinea pig for two DNA lifestyle companies. After sending off my
saliva to the first company, they came back later with a very dense
report showing a long list of my genetic variants, coded green,
amber, and red. Red was supposed to mean "genetic variant alert";
I was alarmed to find quite a few of these alerts! For example,
the ADIPOQ variant gives me a tendency towards weight regain,
and IRS1 is involved with insulin regulation. It was only when I
spent two hours with their scientific director, who holds a PhD in
genetics, that I was reassured that no, I was not going to die young.
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Acting as my personal genetics coach for the day (genetic counsellors
are in very high demand these days) she drew a number of very
elaborate metabolic pathways with big arrows showing where I had
potential enzyme deficiencies, and after the session I walked away
with a list of about 8 supplements to address them.

My sons and husband teased me that I was spending a fortune on
these supplements. A year on, they asked "how do you know these
are working? Are you getting younger?" This is actually a good
question! This is where the "biological markers of aging" come
in, which we will explore later. Of course, I had no idea whether
these supplements were working or not, but I felt good anyway!

This is why I took my second DNA test, which provided the ability
to track my progress through regular epigenetic assessments. After
sending off my saliva again, I was subsequently issued with a less
daunting personal dashboard, which showed that my biological age
was 47! (I was 55 at the time.) Maybe all those supplements were
working? The dashboard showed that I was more of a "worrier"
than "warrior,"” so I have a propensity to worry, and also that
I was "highly gifted" with regards to my muscle stamina (that
sounds impressive but there are two categories above this: "elite"
and "super elite"). Certain key results concurred with the previous
DNA test, including my slight propensity for a "yo-yo diet response”
(the weight regain from the ADIPOQ genetic variant) and slightly
higher risk of type 2 diabetes (the altered insulin regulation from
the IRS1 genetic variant).

Apparently, my eye and hearing age was much lower than my
chronological age, and my inflammation markers were bang on
normal for my age. Worryingly, my "memory" was a year older;
this reminded me that the genetic coach from the previous test
said she could tell that dementia was in my family, when I asked
her. Worried about this memory finding, I promptly did a cognitive
assessment with another company and found that on 5 measures
my "cognitive fitness" was okay—it was my only my episodic
memory that needed a bit of training.
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This finding made complete sense of why it is that I can never
remember books I have read, movies I have seen, or places I have
visited!

A "nutrigenomics coach" advised me on what I should do to
keep up "age 47," which included a range of changes in my diet,
including taking Omega-3 oil and eating nuts, avocado, flax seeds,
mackerel, salmon, and cold pressed olive oil saturated fats to keep
my inflammatory markers in check—as well as folate from foods
like raw green vegetables important for DNA methylation and
emotional stability (relating to my serotonin levels). To address my
memory, I was advised to take glutamine and do lots of exercise,
as research shows that this improves brain derived neurotrophic
factor (BDNF), a protein that among other things helps maintain
nerve cells in the brain.

I submitted another saliva sample about ten months later; my
biological age came back measured at 49 despite taking the
recommended supplements. On the positive side, my "memory
age" had improved to "healthy," but my inflammation score had
worsened. They say stress is linked to chronic inflammation, so this
would make sense, given my intense work schedule and pressure
over the last year.

While this genetic information is fascinating, it is important to
stress that information gathered from DNA tests cannot give you
the full picture on your health trajectory. Genetics and/epigenetic
data needs to be combined with many other data points (like
biomarkers in blood, hormone levels, cognitive assessment, and
lifestyle and environment factors) and this is where Al and aging
biomarkers, we explore later in the book, are so important.

When you ask people what they fear most about getting old, more
often than not it is getting dementia, especially since there is still
no cure for it.
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However, this is where the latest research using Al is so exciting
as it is beginning to unravel the complexities of the interplay
between genes, environmental factors, and, most importantly, the
interventions which might minimize your risk of dementia, delay
the progression of dementia, or even treat dementia directly. As
citizens we need to face our fears and get involved in a massive
global data sharing effort, which will one day find the answers
we seek.

Unravelling the genetics (or not) of

dementia

Alzheimer's disease is the most common form of dementia, an
umbrella term for a decline in mental ability severe enough to
interfere with daily life. Genetic risk factors have been shown
to play a role in the development of Alzheimer's. There is a lot
of debate about whether you would want to know if you have a
risk or not as there is no treatment to slow, cure, or prevent the
condition, yet. Defining and quantifying this risk is the subject of
intense research at the moment. There is still a lot you can do
right now to reduce your risk of Alzheimer's, though according
to a recent poll by Ipsos Mori only 7% of people even knew that
lifestyle affects your risk of developing the disease. Despite this, a
recent report'! by Alzheimer's Research UK showed that 74% of
people would want to know they had Alzheimer's disease before
any symptoms appeared; 4 in 10 people say they would want to
know even 15 years before showing symptoms.

For most people with Alzheimer's, no single gene is responsible
for the disease. Rather, a combination of factors plays a role in
influencing an individual's risk; genetic variants can sometimes
come into play in ways that scientists have yet to understand.
Evidencel™ suggests that a single nucleotide polymorphism (SNP)
of apolipoprotein E (APOE) is the most significant risk factor for
developing late-onset of the disease.
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That's a single substitution of a single nucleotide that occurs at
a specific position in the genome, affecting a single protein. In
addition to APOE, recent genome-wide association studies!™ have
identified numerous other Alzheimer's-associated SNPs, most of
which have a small effect on disease risk.

Researchers in the USP! have devised a new scoring system based
on a polygenic hazard score (PHS)—similar to a polygenic risk
score—to assess an individual's total risk of Alzheimer's disease. In
the case of Alzheimer's, it seems that there are 31 genetic variations
associated with an increased risk, and that individuals with the
highest PHS are the most likely to develop Alzheimer's. A patient's
PHS can even predict their age of onset of the disease.

Do we want to know this information, if there is not yet a cure for
Alzheimer's? This is an individual decision, fraught with ethical and
personal dilemmas, but if we consider from a wider point of view
the health of the whole population, understanding how genetic and
lifestyle factors interact to affect each person's overall risk could
lead to more targeted risk reduction strategies. This could allow
the development of precision, individualized medicine to prevent
or even treat Alzheimer's disease. It is very important to note that
there is a lot of research out there showing what you can do to
keep your brain healthy and there is a lot you can do to reduce your
risks. One thing is clear: living a healthy lifestyle may help offset a
person's genetic risk of dementia, according to research conducted
with data from 196,383 UK Biobank!® participants.

About a third of dementia cases could be prevented if all nine of
the condition's risk factors for dementia were eliminated, according
to a report in medical journal The Lancet!: these include low
levels of education, midlife hearing loss, physical inactivity, high
blood pressure, type 2 diabetes, obesity, smoking, depression, and
social isolation.
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Research shows that changing our lifestyle can help to support a
healthy brain. The best current evidence, according to Alzheimer's
Research UK!*), suggests that as well as staying physically and
mentally active, eating a healthy balanced diet, not smoking,
drinking only within the recommended limits and keeping weight,
cholesterol, and blood pressure in check are all good ways to
support a healthy brain as we age. Sabina Brennan's book 100
days to a Younger Brain is an excellent primer in this area, and
gives top tips.

These lifestyle interventions will also reduce chronic inflammation,
which is associated with autoimmune diseases and common
conditions like heart disease and diabetes, in addition to dementia.
People who have high levels of chronic inflammation at midlife are
more likely to suffer memory loss and other cognitive issues later
in life according to a recent study in the journal Neurology™!—the
first long-term study exploring the link between inflammatory
blood markers (such as CRP, C-reactive protein, a key indicator
of inflammation in the body) and brain health. How exactly chronic
inflammation is linked to Alzheimer's, including the role of the gut
microbiome, is a huge focus of research at the moment®®? and we'll
cover it in more detail later in this book.

The link between sleep and dementia has also become a focus
of research. A recent study in Science’®! suggests that both
cerebrospinal fluid and brain wave activity may help to flush
toxic, memory- impairing proteins from the brain. As people age,
it appears that their brains tend to generate fewer, slower brain
waves. This, in turn, may affect blood flow in the brain and reduce
the pulsing of cerebrospinal fluid during sleep, leading to a build-
up of toxic proteins, and a decline in faculties such as memory.
Previous studies involving animals have indicated that one of
the waste products removed from the brain during sleep is beta
amyloid, a protein closely associated with Alzheimer's disease. The
brain-rinsing occurs during what is known as non-REM sleep, soon
after a person drifts off.
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Meanwhile, scientists are also looking at other theories—and this
is where the power of Al can be used to spot patterns and trends
that we cannot. For example, several studies®¥ show clear evidence
that herpes simplex virus type I (HSV1)—the virus which causes
cold sores—may be a potential trigger. Scientists have known since
the 1990s that HSV1 infection causes a greater risk of developing
Alzheimer's for people who carry a specific variant of a gene called
APOE4.

This ability of Al to spot patterns using data has led to a new
form of data for research called "digital biomarkers,” which will
accelerate our understanding of Alzheimer's disease. A digital
biomarker is a quantifiable measure of a person's physiological
and/or behavioral state captured through connected devices,
including wearables (such as blood pressure monitors or sensors),
implantable devices (such as pacemakers or continuous glucose
monitors), or smart devices in the home (such as voice assistants
or gait sensors). They're also sometimes referred to as digital
"signatures" or "fingerprints," because their exact values tend to be
unique to us. Identifying those digital biomarkers or combinations
of biomarkers that indicate early risk of Alzheimer's, such as certain
sleep patterns, nocturnal blood pressure dipping, or changes in
voice analysis, will help design possible interventions—whether
lifestyle or drug—to delay, or one day even cure, the disease.

Recently, Alzheimer's Research UK announced a major study, with
funding from the Bill Gates Foundation, to analyze digital data
captured from wearable devices such as smart watches to develop
these digital fingerprints. Al can be used to identify new insights
into the early signals of disease, by combining digital fingerprints
with traditional sources such as brain imaging and memory tests.

Dementia highlights how complex the interplay between genes and
our environment is, and how individual our risks and responses
are to those factors.
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Understanding aging, mastering
longevity

"Any living organism is a far more complicated machine
than anything that's man made, but that doesn't change
the fact that the concept is still the same. Any machine's
function is determined by its structure, and therefore, if
you can restore the structure, then you're also going to

restore the function.”

- Aubrey de Grey, Chief Science Officer, SENS Research
Foundation

We are now entering a new phase where we can be in the driving
seat of our genetic code. So, how does understanding genetics and
epigenetics help us understand and influence the aging process?

I had the pleasure of meeting Professor Thomas Kirkwood at
Newcastle University recently. He framed the question of why we
age in terms of an organism's available resources. Known as the
"Disposable Soma Hypothesis," it is based on the notion that there
are always limited resources available to species: energy, nutrients,
water. Organisms therefore evolve with the choice of either breed
fast and die young, or breed slowly and maintain your soma, or
body, to die later. In the history of life, any line of creature with
a mutation that caused it to live fast and attempt to die old soon
ran out of resources and was thus deleted from the gene pool.
Kirkwood's hypothesis explains why a mouse lives for 3 years while
some birds can live to 100.

Since Kirkwood's original hypothesis, research in aging has grown
exponentially, aided hugely by Al, particularly with the discovery
that the rate of aging is controlled, at least to some extent, by
genetic pathways and biochemical processes conserved in evolution.
Interestingly, these pathways share similarities with cancer.
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Intuitively, cancer and aging can be seen as two conditions at opposite
ends of the spectrum—with cancer caused by cells gone "wild," and
with aging caused by cells losing their fitness and ability to replicate.
However, research has shown that cancer and aging are actually two
different manifestations of the same underlying process—namely, the
accumulation of cellular damage. This is summarized below in the
nine hallmarks of aging, published in Cell'** in 2013:

1. Genomic instability: As we age, damage is caused
by the environment (for example, radiation or toxic
compounds) but also through normal cellular processes.

2. Telomere attrition: Each strand of DNA in the body
is wound into a chromosome. Each chromosome is
capped by "telomeres." These short snippets of DNA are
designed to protect the bulk of the chromosome, much
like an aglet, the plastic end of a shoelace. Telomeres
shorten as our DNA replicates. Once a telomere reaches
a certain critical shortness, a cell will stop dividing, and
this hastens the incidence of disease.

3. Epigenetic alterations: Over time, environmental factors
will change how our genes are expressed; this is a
significant focus of research at the moment. Nutrition,
pollution, stress, smoking, alcohol, and other environmental
factors are all known to affect genetic expression.

4. Loss of proteostasis: When proteins fold properly,
your body runs like a well-tuned machine. But under
stress, or with age, protein folding stops working so
well and begin unfolding or misfolding. There's good
evidence that misfolded proteins play a major role in
aging, as well as in Alzheimer's, diabetes, cancer, and a
variety of other common diseases. Understanding how
proteins fold is one of the most difficult challenges
known to science, but algorithms are being used to
understand protein folding and protein structures faster
than ever. Google DeepMind has developed a program
called "AlphaFold" to predict how proteins configure
themselves, and how they can be as stable as possible!s”.
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5. Deregulated nutrient-sensing: Nutrient levels influence
various metabolic pathways. Critical proteins in these
pathways include IGF-1, mTOR, sirtuins, and AMPK;
they are implicated in longevity and are a huge focus
of research at the moment.

6. Mitochondrial dysfunction: Mitochondria, our cellular
power plants, begin to decline in performance as we
age. Decreased performance results in excess fatigue
and other symptoms of chronic illnesses associated
with aging.

7. Cellular senescence: As cells age, they stop dividing,
cannot be removed from the body, and increase
inflammation as they build up in the body. These
senescent cells are often called "zombie" cells, because
they refuse to die and continue to emit signals
that inflame surrounding cells. Immunosenescene,
or senescence of our immune cells, is a big factor
in the aging process; developing targets to decrease
immunosenescence is a huge focus of research at the
moment to build up people's resistance to COVID-19.

8. Stem cell exhaustion: As we age, our supply of stem
cells begins to diminish between 100 to as much
as 10,000-fold in different tissues and organs. Stem
cells can also mutate, which reduce their quality and
effectiveness at renovating and repairing the body.

9. Altered intercellular communication: The efficiency
of communication between cells decreases as cells age,
and information between cells becomes progressively
disrupted.

David Sinclair, Professor of genetics at Harvard and expert on aging,
published the excellent book Lifespan : Why We Age - and Why We
Don't Have To'* which outlines a foundational theory unifying the
9 hallmarks called "Information Theory of Aging." Put simply, it is
based on the notion that aging is caused by a loss of information.
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In his book, Sinclair argues there are two types of information in
biology, and they are encoded entirely differently. The first type of
information is digital, based on a finite set of possible values—using
not binary coded as os and 1s, but quaternary, coded as adenine,
thymine, cytosine, and guanine, the nucleotides A, T, C, G of
DNA. Because DNA is digital, it is a reliable way to store and copy
information, and can be copied again and again with tremendous
accuracy (no different in principle from digital information stored
in computer memory or on a DVD).

The other type of information in the body is analog information,
now more commonly referred to as the epigenome (described in
more detail in the next section), a record of the chemical changes
to the DNABS! which can be dynamically altered by environmental
conditions. In the same way that genetic information is stored
as DNA, epigenetic information is stored in a structure called
chromatin.

The Information Theory of Aging starts with the "survival circuit"
we inherited from our distant ancestors, like the sea snail M.
superstes, but which have evolved since then into some two dozen
longevity genes within our genome, including sirtuins. Sirtuins are
named after the yeast SIR2 gene, the first one to be discovered,
but there are seven sirtuins in mammals, SIRT1 to SIRT7, made by
almost every cell in the body. Sirtuins are a major focus of aging
research at the moment. They have evolved to require a molecule
called nicotinamide adenine dinucleotide (NAD) to function; the
loss of NAD as we age, and the resulting decline in sirtuin activity,
is thought to be a primary reason our bodies develop diseases when
we are old but not when we are young.

The hopes for gene editing
Soon after I completed my genetics degree in 1985—I remember
telomeres were all the rage—we started to hear about the Human
Genome Project.
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The Human Genome Project is a gargantuan project that began
in 1990, and in 200424 the first human genome sequence was
published at a cost of over $3 billion.

Since then, geneticists and biologists have made exponential
progress in understanding how our genetic code operates.

In addition to reading the human genome, scientists can now edit a
genome using a naturally occurring biological system discovered in
1987, called CRISPR/Casg, which is short for "Clustered Regularly
Interspaced Short Palindromic Repeats and CRISPR-associated
protein 9."

Crucially, CRISPR is cheap, quick, easy to use, and more accurate
than all previous gene editing methods. As a result, CRISPR/Casg
has swept through labs around the world as the best way to edit a
genome. In 2012, scientific publications mentioning CRISPR totaled
127. Since then there have been more than 14,000. Although the
United States has had the most CRISPR publications—and continues
to have the most cited papers—China is now a close second®! and
is investing heavily into CRISPR's uses.

Biophysicist He Jiankui®® infamously used the genome editor in
China to alter the DNA of two human embryos that would become
twin girls, in an attempt to make them resistant to HIV. His results
were published in Nature with great excitement in November 2018,
but also with consternation; Nature®®” posed the question "when
will the world be ready?" This first known attempt at heritable
gene editing in humans was an effort to disable a gene called CCR5,
which produces an immune-cell receptor that allows HIV to infect
humans. Break the gene, reasoned Jiankui, and the children should
be resistant to the virus.

However, after getting worldwide media attention he has since been
convicted of "practicing medicine illegally and violating Chinese
scientific research regulations, as well as forging ethical review
documents." He was sentenced to three years in prison and fined
3 million yuan (£330,000).
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The bottom line is that Jiankui crossed the line in the ethical
minefield that CRISPR represents.

Setting aside the significant ethical conversations, CRISPR will soon
provide us with the tools to potentially eliminate diseases, create
hardier offspring, produce new environmentally resistant crops, and
even wipe out pathogens. Recently, Harvard College researchers!?
led by George Church have announced that more than 13,000
genetic alterations have been made to a single cell using CRISPR
technology. This work is designed to edit genomes at a much larger
scale than currently possible, potentially resulting in the "radical
redesign” of animal species—or even humans.

Another recent CRISPR innovation dubbed "prime editing” can
make virtually any alteration—additions, deletions, swapping any
single letter for any other—without disrupting the DNA double helix.
Developed by David LiuB® at the Broad Institute in Cambridge,
Massachusetts, he described the system like this: "If Crispr-Casg is
like scissors and base editors are like pencils, then you can think
of prime editors to be like word processors." According to Liu,
the technique is so precise that it can correct around 899% of the
mutations that cause heritable human diseases!.

The future of regenerative medicine
Genetic editing is one thing, but "regenerative medicine" will also
be transformative in the decades to come. Regenerative medicine is
about replenishing, replacing and rejuvenating our physical bodies.
The "three R's"B3? of regenerative medicine advocated by Singularity
University are:

1. Replenish: Stem Cells - The Regenerative Engine
of The Body. Stem cells have the potential to develop
into many other kinds of cells, so if we can keep these
undifferentiated cells from tiring out, they can continue
to generate all the differentiated cells necessary to heal
damaged tissues and battle all kinds of diseases.
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2. Replace: Organ Regeneration and Bioprinting. Prior
to 3D printing capabilities, medical researchers were
able to reproduce cells in laboratory settings, including
blood vessels and skin tissue, but full organs were much
more difficult because of their complex cell structures.
With the advent of 3D printers, however, making organs
is becoming feasible, as demonstrated by the example
of a girl in Illinois born without a trachea who received
a windpipe created from her own stem cells using the
printing technique®™3). Such "organ on a chip" research
is being applied to printing tissue samples that mimic
the functions of other major organs, including the heart,
liver, and lungs.’4

3. Rejuvenate: Young Blood & Parabiosis. Research at
Stanford and Harvard has demonstrated that older
animals, when transfused with the blood of young
animals, experience regeneration across many tissues
and organs. The opposite is also true. Elevian is a
company exploring specific circulating factors that may
be responsible for the "young blood" effect, including
a naturally occurring molecule known as growth
differentiation factor 11 (GDF11). When GDF11 is
injected into aged mice, it reproduces many of the
regenerative effects of young blood, regenerating heart,
brain, muscles, lungs, and kidneys.!s>!

When it comes to regeneration, some animals are well equipped.
If you cut off a salamander's leg, it will grow back. Some geckos
detach their tails to distract their predator when threatened,
only to regrow them later. Other animals take the process even
further. Planarian worms, jellyfish, and sea anemones can actually
regenerate their bodies after being cut in half.
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Recently a Harvard research team®3! discovered exactly how animals
like lizards, worms, and jellyfish regenerate body parts through a
master control gene called early growth response (EGR), which
triggers changes in a complex system of 18,000 other genes.
Without the EGR gene turned "on," none of the other processes
can happen. Humans express the EGR gene, too, and researchers
know exactly how to control it. But the human version of EGR
does not have the same switching effect that causes regeneration,
and this "switching on" is what the researchers are now trying to
work out in the human model.

While advances in genomics and computational biology are enabling
us to explain what makes up a human being at its most intricate
level, what about the spiritual elements of what makes us human?
While our survival instincts may be hardwired in our genes, what
drives our quest to live longer? What fuels our insatiable curiosity
about immortality?

Spirituality, Immortality, and the
"God Gene"

"When Galileo was saying in Rome in the Vatican that
it was not the sun that went around the earth, but the
opposite, they almost burned him alive. These ideas are
even more revolutionary than evolution or astrophysics.”

- José Cordeiro, Director of the Millennium Project

Dr Dean Hamer, the director of the Gene Structure and Regulation
Unit at the National Cancer Institute in America, was one of the
first scientists to explore the link between religious belief and a
person's genetic make-up. In his study he asked volunteers 226
questions, in order to determine how spiritually connected they
felt to the universe.
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The higher their score, the greater a person's ability to believe in a
greater spiritual force and, Dr Hamer found, the more likely they
were to share the gene VMAT25%,

Tim Spector, Professor of Genetic Epidemiology and Director of
Twins Research at King's College London, also explored the genetic
basis for religious belief'3®. Twin studies conducted around the
world in the US, the Netherlands, and Australia, as well as at King's
in the UK, show a 40 to 50% genetic component to belief in God.
Interestingly, these findings are consistent even across countries
like the US and the UK, where there are significant differences in
church attendance and religious beliefs. Some may argue that twin
studies showing similarity for belief are just reflecting some cultural
or family influence that wasn't properly corrected for in the study
design. However, in one study of adopted twins, the researchers
looked at religious belief in a number of adopted twins raised apart.
They found exactly the same result—greater similarity in identical
twin pairs, even if raised apart.

In the 19™ century and for much of the 20™ century, science asked
hard questions of faith. But in the 21% century, faith needs to ask
hard questions once again of science. The belief in an afterlife is a
fundamental tenet of most faiths, but the concept of an immortal
soul is not. The "soul" means different things in different religions.
For example, even the various branches of Christianity do not share
a unified view on the soul's immortality and its relation to the body.

The USA is a deeply religious society, based on the Christian beliefs
that God created the universe, that God loves the world, and that
God became human to restore us and show humans what it means
to live well and reach our full potential. For some Christians, their
faith reconciles their fears over death and the constraints of being
mortal.

The Church of England has stepped into the debate around Al and
longevity: about what it means to be human, about the ethics and
limits of human endeavor.
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Being human is also about weakness and imperfection. If we
become superhuman, will that make us less tolerant of the frailties
of the human race? I caught up with Reverend Malcolm Brown
from the Church of England to explore these points in greater
detail. I first met Malcolm when he spoke at a public event in
2017 on Ethics in Al, which I helped my good friend Maja Pantic,
Professor of Affective Computing at Imperial College (and now also
Al Scientific Research Lead at Facebook) to organize. The event was
hugely popular and even had to move to a much larger venue. At
this event Malcolm talked about Al and manifestations of power;
questions were raised, like" is that power in the hands of the
people who create the Al, or is it in those of the user? Where do
responsibility and accountability lie, and how do we change that
if it goes wrong?" From an ethical standpoint, these are the areas
where society is floundering.

When I caught up with Malcolm to interview him for this book,
two years after our first encounter, things had moved on a little. He
felt that we're coming to maturity in our relationship to Al, instead
of being either over-awed and over-credulous, or over-panicked
and clamping down on it in a way that kills off the benefit. He
said, "both of those bad approaches have risks, because we need
a rhythm to cope with the new and to work out collectively how
we respond to it. You learn to trust, or not to trust, after millions
of encounters. We haven't had the luxury of those millions of
encounters. From our point of view, Al has done the millions
of encounters in the background; but the conclusions Al draws
from its data may be quite problematic.... The market ideology,
if that's used as the paradigm, says that there's no moral weight
to the outcome because there's no moral consensus that can be
represented. That strikes me as a real danger; that we're applying
the ideology of the market to the way we're dealing with data."

Malcolm feels that technology could have a role to play in building
communities. He said, "It's really important not to get onto a
nostalgia kick about community, but to recognize that we do need
more of it than we've got right now.
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That's a hugely difficult trajectory for a human mind to capture;
there's always the draw of the binary. I think that the distinction
between liberal individualism and communitarianism is the big
political fault line of the era. We need to learn how to stop
swinging the pendulum from one extreme to the other, and
instead understand how each is corrective to the other, rather
than an alternative to the other. Negotiating that in real time, in
real communities, is fascinatingly complex. There was an attempt
maybe 25 years ago, a movement that tried to coin the phrase
"glocal" as a combination of global and local. It never took off as
far as I know. Finding solutions to questions which combine the
global and the local, that don't denigrate the one in favor of the
other, that don't create tribalism on the one hand or a universal
monopoly on the other, strikes me as something that technology
could really help with."

On the subject of religion and mortality, Malcolm said that most
religions are in some sense about making sense of finitude and
mortality; we haven't escaped death, but we have forgotten how
to talk about it. He said, "That's not necessarily an argument for
a particular narrative, but it is fascinating for instance that when I
was a parish priest in the 8os, most people had a Christian funeral
and it was about commending the soul of the departed person
to God. It had an implicit belief in eternity, but not in this life.
Now, the average funeral is a celebration of the life of a person;
an attempt at immortality through history, by making your mark.
It's a fascinating difference and that's right there in the religious
funeral as well. They've moved from a commendation of a soul
forward to a new phase, to a celebration looking back. My hunch
is that if we pursue questions like longevity, purely as longevity,
we'll find in due course that the religious insights probably had
more to commend them than we thought, because we'll be going
down a route that leads to an increasingly inhuman understanding
of humanity. I may be wrong about that of course.

Page 69



Who We Are - And What Drives Us

I'm not against long life, but the pursuit of it as an end in itself?
That strikes me as so narcissistic, potentially, and so out of kilter
with the whole of the material order that it could reveal all sorts
of truths that we thought we'd lost."

Whether the COVID-19 pandemic has changed popular perceptions
of mortality is an interesting and, as yet, unanswered question.
Early in the pandemic, Malcolm was worried by the implicit
narrative about the relative value of different lives. "The constant
refrain that people dying generally had underlying health conditions,
or were elderly, didn't state in bald terms that those lives were
somehow expendable, but it did send a subtle and probably
unintended message to that effect. The disparity in deaths among
BAME people could have become part of that narrative, and among
some extremist groups it definitely has done. As a response to that,
the emergence of the very prominent Black Lives Matter protest
during lockdown may help to make it clear that disparate valuation
of people's lives is just not acceptable. But we're not out of that
particular wood yet by any means."

As a counterpoint to the Christian perspective, transhumanism is a
growing but controversial movement which believes in the scientific
method rather than having faith in its own version of religion.
The movement is built around the core idea of evolving and
enhancing human beings by integrating biology with technology!3”..
Transhumanism welcomes anyone who aspires for super-longevity
and is prepared to experiment on themselves and others, using
vitamins and prescription cancer drugs, as well as compounds
not licensed for human use but procured creatively through
underground suppliers: extropians and brain uploaders®®, artists
keen to paint in virtual worlds, and do-it-yourself biohackers!3
ready to have electronic chips implanted in their bodies.

Zoltan Istvan'! is one of the best-known transhumanists, who
wrote The Transhumanist Wager and was a candidate in the
2016 US presidential campaign, when he drove around the United
States in a bus in the shape of a coffin.
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Although Zoltan did not expect to beat Trump, he was betting
that the "immortality bus" and his campaign might help inject
more science, technology, and longevity research into the political
discourse, or at the very least spark a more serious conversation
around the future of our species.

James Clement'#?! is another transhumanist who runs BetterHumans,
which he calls "the world's first transhumanist research
organization." He has financed and supervised four small studies,
in volunteers, of treatments found to extend the healthy lives of
rodents—the immune drug rapamycin, the supplement NAD+, a
combination of compounds that kill off aged cells, and injections
of plasma concentrated from umbilical cords. His aim is "to do
as many small trials as possible"” to generate and publish basic
information on safety and possible benefits. Clement sees his job as
bringing that day closer and making sure it's affordable to everyone,
"not just billionaires."

Ray Kurzweil, Google's Director of Engineering, is a well-known
futurist with a track record of being able to make accurate
predictions'®3! 86% of the time. Arguably his most famous prediction
is that we will reach "the Singularity" by 20454, that point in
time when all the advances in technology will lead to machines
that are smarter than human beings. This concurs closely with
Softbank CEO Masayoshi Son's prediction that super-intelligent
machines will emerge by 2047145, Kurzweil says that the process
towards this singularity has already begun, with computers having
human intelligence (akin to Peter Diamandis "meta-intelligence"
concept“®) and humans starting to implant computers into our
brains, like Flon Musk's controversial neuralink#”, which is a device
to connect the brain with the internet and one day merge with
artificially intelligent systems.

Should we fear the singularity? Or embrace it? Reaching the
singularity will enable us to reach "longevity escape velocity"
(a hypothetical situation in which life expectancy is extended faster
than time passes), meaning that we could also effectively achieve
immortality by 2045, too.
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The possibility of immortality could have profound effects™® on the
individual, as well as society as a whole. Proponents of immortality
would say it could mean that we would no longer suffer the fear
of death, we could do more with our lifetimes, and the world's
greatest minds could continue to develop their thoughts.

The cynics, however, would argue there could be a strain on
resources, serious psychological problems associated with extreme
age, and stress on societal structures such as marriage and
parenthood.

The great strides we are seeing with Al and computational biology
are making the idea of achieving immortality more achievable, even
to the diehard cynics.

There are many Al experts who worry that artificial general
intelligence (AGI) will be a threat to human life by replacing
humans. However, according to Alex Zhavoronkov, CEO of Insilico
Medicine, making AGI a partner could help our quest for better,
longer lives if we create a set of values for AGI focused around
the maximization of human quality adjusted life years (QALY)—a
generic measure of disease burden, including both the quality and
the quantity of life lived.

Zhavoronkov argues that an AGI could be taught to maximize
global longevity and the human healthspan, and achieve the
ultimate form of altruism®. As Zhavoronkov says, "If anyone is
counting up there, they are likely counting the actions you take
to make the world better rather than the actions you don't take
by following the restrictions outlined in the religious texts. And to
me, it only feels logical that the actions that maximize the number
of QALY for everyone on the planet will yield the most points.
The longevity biotechnology industry—the convergence of aging
research, biopharmaceutical industry, regenerative medicine, and
Al—is likely the most QALY-rich area. So people who believe in
any form of afterlife or karma should consider these areas when
making career choices."
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Taking together all the viewpoints across religious, spiritual, and
humanist perspectives, I can't help feeling that we need to make
sure we see imperfection as a core ingredient of what keeps
us human. Apart from anything else, it means there can be no
authority on what makes "perfection"! It seems to be our moral
compass is remarkably consistent across cultures—and this is
something I am not sure can be replicated by machines any time
soon. Humans are still unique in the animal kingdom, with a need
for some element of spirituality to guide us, or help us make sense
of our place and purpose in the world. Having a finite end to our
life also helps put things in sharp focus, like any deadline does;
hopefully, we learn to focus on what really matters to us.

Interviews

The interviews coming up reflect an extraordinary blend of
perspectives on life, death, and immortality, from civic, scientific,
and societal viewpoints. José Cordeiro and Keith Comito carry
the torch for living as long as possible with transhumanist flair
and a deep sense of public service, while Aubrey de Grey and
Alex Zhavoronkov represent some of the most unconventional,
provocative, brilliant minds in science—uncompromising in their
approach to challenge entrenched orthodoxy. Eddie Hall, the world's
strongest man since 2017, has had a fascinating personal journey to
understand what gave him his "superhuman" gifts—which helped
wrench him from a dark period of depression as a teenager to a
fulfilled life, aided, in part, by his fascination with how epigenetics
can optimize health and well-being.

.
229

Since this book started development, we've had our lives turned
upside down by the emergence of COVID-19 and the stunning
impact of the pandemic it's caused. Most of these interviews were
carried out before the pandemic- where I could get back in touch,
I asked them an extra question:
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What have you learned from the COVID-19 pandemic? The
answers to this question have been added to the end of each
interview.

N

Eddie Hall
World's Strongest Man, Epigenetics Advocate

Eddie Hall is also known as "The Beast" and he won the World's
Strongest Man in 2017 when he deadlifted 500 kg under Strongman
rules.

I first met Eddie Hall at a lunch held by Muhdo, the epigenetics
company, in November 2019. I had come across the firm a year
earlier after having been introduced to them by my good friend
Omar Fogliadini, serial entrepreneur and managing partner of
LIFEdata Al who was advising them on their platform (I had met
Omar the year before and was a guinea pig for the DNA epigenetics
product he was launching in the UK at the time). I met Nathan
Berkley, CEO of Muhdo shortly after Omar connected us, and he
offered me a place on their study. They were doing one for athletes
and one for the media, and I grabbed the chance to be one of their
"journalists on trial."

A year on, and two epigenetic test results later, I went to the
company's lunch announcing their latest product innovation, and
encountered a room full of real journalists and athletes. Helen
Glover, Team GB rowing double gold medalist, three-times world
champion, twice European champion, and multiple world cup gold-
medal winner was there. So was Sam Quek, winner of an Olympic
gold medal for GB Hockey. I sat across from her at lunch, and was
fascinated by her journey, story, and reasons for doing the DNA test.
Engrossed in conversation, I hadn't realized that Eddie Hall, world's
strongest man since 2017, was at the table opposite from me.
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He arrived late and had to leave early; while he was saying his
goodbyes, he came to our table (you couldn't miss him—he has
presence!) and I caught his eye. Two weeks later I was interviewing
him for this book.

I have to confess, I'd never heard of Eddie Hall before the lunch.
But when I mentioned I was due to interview him to one of my
sons it started a flurry of excitement in my household, and before
I knew it had my three sons showing me various YouTube clips
of Eddie lifting half a ton, and performing the most unbelievable
feats of strength and power imaginable.

Eddie is arguably the most famous strongman of the last decade,
having won Britain's Strongest Man five times in a row from 2014 to
2018, winning the UK's Strongest Man six times in a row from 2011
to 2016, being named the World's Strongest Man in 2017, and for
setting the world record for heaviest dead-lift (500Kg) the previous
year. Few people know that he started out as a champion swimmer.

Eddie has an interesting personal story and for him, achieving
excellence as an athlete swimmer and then setting his sights high on
being the world's strongest man helped save him from depression
in his teenage years. He is the youngest of three boys, and being
the mum of three sons we talked about the endless competition that
ensues in a household full of testosterone. Obviously devoted to his
kids, we spoke about how to motivate kids to eat more healthily
and become happy in themselves. He is now an ambassador for
Muhdo and becoming sought after in Hollywood.

Tina Woods: Tell us a little bit about your journey: I know you
started as a swimmer and you became the World's Strongest Man,
and now you're a Muhdo ambassador, and I understand you're
seeking fame as an actor as well. Where did that all start?

Eddie Hall: So, I'm from Stoke-on-Trent. I'm the youngest of three
brothers, grown up in a somewhat poor family. All of us were very
sporty, so we're all very competitive—swimming, and rugby, and
whatever else.
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We all got very heavily into the competitive side of swimming. We
represented our area, and I actually swam at the Nationals and
won the Nationals three years in a row, setting British records.
I was on the World Class Potential squad, which is basically the
junior Olympic team; it's government funded, and comes with
gym memberships and a bit of money, as well as nutritionists and
coaches. I was pretty gifted—I was basically a professional athlete
at 11 years old.

Tina Woods: And better than your brothers?
Eddie Hall: Yes. Much better. Much better.

Tina Woods: I've got three sons. I know exactly what it's like
having three boys, all competing against each other all the time!

Eddie Hall: Well, there you go! Having two older brothers made
me the competitive monster I am, because growing up everything
was a competition. When we were eating food at the table, we'd
see who could eat the most; when we were walking to school, we'd
see who could get there the fastest. Even fighting, we wanted to
know who was the hardest. It was like a constant battle. Being the
youngest put me in a very difficult position, where I had to be the
best at everything to survive. That set the blueprint for the rest
of my life, I believe. When I got into swimming, my brothers were
replaced by new people to compete against; the Ian Thorpes, the
Michael Phelpses.

Then, when I was 13, I started suffering with very bad anxiety
attacks. That then stemmed into depression, which meant I had to
withdraw from school; well, I was expelled from school. A number
of other things happened to me at that point, and I became very
depressed. 1 was on Prozac and seeing a psychiatrist for a couple
of years. I got to about 15—I was being home tutored and doing
nothing with my time, and I decided to join a gym.
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That's when I found that going to the gym gave me that sense of
well-being, that euphoria. It made me feel better, and it became
an obsession to combat the depression. When I started the gym, I
eased off the Prozac very quickly.

Fast forward to 19 years of age, and I'd been doing weightlifting for
four years, since I was 15. I discovered that I had a hell of talent. I
was one of the strongest men in the country—I discovered this from
social media, YouTube, and so on—and started doing Strongman.
I did my very first Strongman contest when I was 19. I came 5%,
and got the bite for it. I decided that day, there and then, that I
was going to be the World's Strongest Man.

I said it out loud, put it on social media, and I went on this hell of
a journey. 10 years later, to the day, I became the World's Strongest
Man.

Tina Woods: Were you surprised at yourself, or did you know that
one day you were going to be the World's Strongest Man?

Eddie Hall: I think, when I won at the swimming, it gave me that
belief that with hard work and dedication you can achieve anything
in life. 