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Objectives

* Provide an overview of the current state of the science on the aging
process.

* Review the current hallmarks (drivers) of aging.

* What interventions can one leverage in their lives to improve health
span and lifespan?

* What does the future hold in the field of aging, longevity and
rejuvenation medicine?
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Questions for consideration:

* How long can humans actually live?

* |s getting old always synonymous with poor quality of life?

* What is the difference between chronologic age and biologic age?
* Is aging a disease?

* If so, can it be “treated”?

* As age is most strongly correlated with all advanced chronic diseases,
should we focus on treating diseases or treating aging?

* Can age be regressed?

Gilgamesh: An Ancient
story of the timeless
pursuit of immortality

The Sumerian Epic of
Gilgamesh dates back nearly 5,000
years and is thought to be perhaps

the oldest written tale on the
planet. It is a story of the
mythological hero-king of Uruk and
his dangerous quests and
adventures in search of the secret
of immortality.
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“First you forget names, then you
forget faces. Next you forget to pull
up your zipper and finally, you
forget to pull it down.”

George Burns
1896 - 1996

“Everybody needs a passion. That’s
what keeps life interesting. If you live
without passion, you can go though life
without leaving any footprints.”
—From her book, If You Ask Me (And
Of Course You Won't)

Betty White
1922-2021
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Jeanne Louise Calment was a
French supercentenarian and
the oldest human whose age is
well-documented, with a
lifespan of 122 years and 164
days. The oldest person living
today is Kane Tanaka from Japan

who is 118 years old.
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Life Expectancy in U.S. Declined 1.8 Years in 2020, CDC Says

Covid-19 was the nation’s third leading cause of death last year, behind heart disease and cancer, new figures show
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SPECIAL ARTICLE ~ ARCHIVE

Aging, Natural Death, and the Compression of Morbidity

James F. Fries, M.D.
N Engl J Med 1980; 303:130-135| July 17, 1980
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Goal: improve health span / longevity

==

Human heaith index

Chronological age
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INDEFINITE LIFE EXTENSION

REJUVENATION REJUVENATION REJUVENATION
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Life span extension...

10-fold !

< 2-fold

5-25%
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“Less than 10% of what contributes
to longevity can be traced to
genetics. Over 90% of what
contributes to longevity and
healthy aging is lifestyle.”

Eric Verdin MD
President and CEO, Buck Institute

Hallmarks of Aging:
An emerging
paradigm
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Epigenetic Regulation

Genomic Instability

Telomere attrition

Mitochondrial
Bioenergetics

Loss of Proteostasis

Stem cell
depletion

Deregulated
Nutrient Sensing

Altered Intercellular
Communication

Cellular Senescence
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Treating Diseases vs. Treating Aging
Age-related diseases raise exponentially: Prolonging the healthy years of life:
This is not a coincedence! Improving lifespan and healthspan!
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nature reviews genetics

Explore content v About the journal v Publish with us v Subscribe

nature > nature reviews genetics > review articles > article

Review Article ‘ Published: 11 April 2018

EPIGENETICS
DNA methylation-based biomarkers and the
epigenetic clock theory of ageing

Steve Horvath &9 & Kenneth Raj

Positive epigenetic : | Average epigenetic
age acceleration age acceleration at
4 | chronological age

Weighted methylation average

Negative epigenetic
age acceleration
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Methylated Cytosines

0000600 ® e
W

/

Global hypomethylation

- Genomic instability
- Inefficient gene repression

old \

Local hypermethylation

- Loss of expression control
- Inappropriate silencing
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Aging Has An Epigenetic Signatur
Aging has an Epigenetic Signature
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‘ All-cause mortality
Gender

Healthy food intake
§
Exercise
Physical fitness

Cancer risk/incidence

Neurodegenerative diseases
*  Alzheimer’s disease

* Parkinson’s disease

* Huntington’s disease

BMI

metabolic syndrome markers
Infections
. HIV Stress

* Cytomegalovirus ° Iy TR
« Helicobacter pylori +  Cumulative lifetime stress

* Childhood violence

Back to the future: Epigenetic clock plasticity towards healthy aging
«January 2018 Mechanisms of Ageing and Development DOI:10.1016/j.mad.2018.01.002 et
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https://www.researchgate.net/journal/Mechanisms-of-Ageing-and-Development-0047-6374
http://dx.doi.org/10.1016/j.mad.2018.01.002
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Cumulative Rate of Aging
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Your cumulative rate of aging is slower than
your chronological age.

Taking into your account both your chronological age and
biological age, Elysium has determined your cumulative rate of
aging — a personalized measure of the pace at which your body has

aged for every year you've been alive.
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How Do You Compare?

0.81

04 05 055 0.6 065 07 075 0.8 0.85 0.9 0.95 10 105 11 215

Aging Slower

Your cumulative rate of aging is on average
slower than most of the population.

Your cumulative rate of aging is 0.81, which is slower than 95.6% of
people. Your cumulative rate of aging is calculated by dividing your

biological age by your chronological age.
What the graph means

The size of each bubble represents the percentage of people that
fall within your personal rate of aging interval. Bubbles in blue
represent the subset of the population whose cumulative rate of

aging is at or below 1.0, which is optimal.
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Level

Organism

Tissue

Cell @ Stemcell @ Progenitor cell @ Comnmitted cell

@ Senescent cell
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Cellular Senescence: a complex response to stress

‘ Multiple replications ‘ Organelle Stress e.g.
oxidative free radicals

(Epi)Genomic damage ‘ Metabolic
Disruption/AGEs

Irreversible
Growth
Arrest

Resistance
to
Apoptosis

Inflammatory
Secretions

Senescence Associated Secretory
Phenotype Accelerated Aging

OSHER

LIFELONG
LEARNING
INSTITUTE

30

15



Mark Pettus MD 1/20/22

OSHER
LIFELONG

Dr. Judith Campisi Buck Institute NeTTUTE

31

RN

s
o,p%;:g
“The Cause of Everything?”
13 . ”
Inflammaging

32

16



Mark Pettus MD

1/20/22

Major Metabolic Regulatory Players in the Health span,
Aging and Longevity Research Field

Sirtuins (silent information regulator) family
Sirtuin Activators e.g. resveratrol, NAD

AMPK — AMP Kinase

Metformin

MTOR — mammalian target of rapamycin
Fasting, Rapamycin

Insulin-1gF1 (insulin-derived growth factor)
Lower Glycemic Foods, less animal protein
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S | rt U | n S DNA repair Survival
A class of enzymes that influence aging \

and longevity through multiple Sirtuins —
molecular pathways. Sirtuins regulate a Telomeres <t SIRT1-7

variety of metabolic processes,

including the release of insulin, / \
response to stress, and modulation of 1
lifespan. They also influence circadian A

clocks and mitochondrial biogenesis. Metabolism Differentiation

Sirtuins are activated when NAD levels Stem cells

rise. Plant-based molecules e.g.

resveratrol, pterostilbene and

quercetin can activate sirtuins,

designated as Sirt1 to Sirt7.

Inflammation

34
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Hallmarks of Aging
Associated with Cellular
depletion of NAD+

-
o
T

NAD LEVELS OVER TIME

* Altered DNA repair
* Altered epigenetics
* Mitochondrial dysfunction

* Disrupted metabolic-
nutrient sensing e.g. Insulin
resistance with glucose
intolerance

' NAD+(ng/mg protein)
LR SERINC

Ref: Massudi, Ross Grant, Nady Braidy, Jade Guest, Bruce Farnsworth, Gillies Guillemen, Age-Associated
° Ce”u'ar senescence Changes in Oxidative Stress and NAD* Metabolism In Human Tissue, PLOS One, July, 2012

* Decreased autophagy

35

NAD Precursors: NMR and NR

* NAD as a precursor for critical metabolic pathways e.g. energy, immune regulation,
Sirtuin activation for DNA healing

* NAD levels decline with aging in all tissues studied (Aging Dis. 2021 Dec; 12(8): 1879-97)

* All chronic, complex age-related diseases associated with decreased NAD levels
(Biomolecules. 2019 Jan 9(1) 34)

* Aerobic and resistance exercise raise NAD levels (Physiol Rep. 2019 Jun 7(12))

* NAD levels naturally decline with aging which leads to metabolic and mitochondrial
dysfunction associated with aging

* Fasting increases NAD levels

* Data on efficacy of NAD boosters is predominantly based on animal research. More
human clinical trials are needed.
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NAD boosters:

Dietary supplements that purportedly increase cellular levels of nicotinamide adenine
dinucleotide (NAD+). Examples of potential NAD+ boosters include nicotinamide riboside
and nicotinamide mononucleotide.
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NR: Nicotinamide Riboside NMN: Nicotinamide Mononucleotide
Wikipedia contributors. "Nicotinamide riboside." Wikipedia, Wikipedia contributors. "Nicotinamide mononucleotide." Wikipedia, The Free

The Free Encyclopedia, 20 Nov. 2019. Web. 26 Nov. 2019. Encyclopedia, 14 Nov. 2019. Web. 26 Nov. 2019.

37

Long-Term Administration of Nicotinamide
Mononucleotide Mitigates Age-Associated CONTROL _NMN

Physiological Decline in Mice @
4 Orally administered NMN was quickly utilized to synthesize NAD+ o

in tissues. Remarkably, NMN effectively mitigates age-associated Body weight
e

Energy metabolism

physiological decline in mice. Without any obvious toxicity or
deleterious effects, NMN suppressed age-associated body weight

gain, enhanced energy metabolism, promoted physical activity, e *
ameliorated eye function and other pathophysiologies. Consistent *

|
improved insulin sensitivity and plasma lipid profile, and * and lipid metabolism )

Gene expression changes 5

with these phenotypes, NMN prevented age-associated gene

expression changes in key metabolic organs and enhanced Mitochondrial *

oxidative metabolism ’

Eye function +
preventive and therapeutic potential of NAD+ intermediates as
effective anti-aging interventions in humans. * ?rz':ugzr;z'zﬁg: ’ +

Mills, Kathryn F, et al. "Long-term administration of nicotinamide mononucleotide mitigates . . .
age-associated physiological decline in mice." Cell metabolism 24.6 (2016): 795-806. Aglng Antl-aglng
-

mitochondrial oxidative metabolism and mitonuclear protein
imbalance in skeletal muscle. These effects of NMN highlight the
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CALORIC
RESTRICTION

NAD BOOSTERS:
NR/ NMN

q

Sirtuin-Activating
Compounds (STACs)

RESVERATROL

PTEROSTILBENE

4 SIRT3
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Poly (ADP-ribose) polymerase, a.k.a. PARP

A family of proteins that use NAD+ as a substrate in their
role of DNA repair and genomic stability.

As we grow older, the burden of DNA damage grows and it
is thought to contribute to aging and cancer.

Increased PARP activity can lead to NAD depletion as DNA

repair is a metabolic priority (Bruce Ames PhD, Metabolic
Triage Theory)
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mTOR —

Mammalian Target

of Rapamycin

* mTOR is the major

nutrient-sensitive regulator

of growth in animals and
plays a central role in

physiology, metabolism, the
aging process, and common

diseases.

Z
/7]
2»

Twenty-five years of mTOR: Uncovering the link from

nutrients to growth

David M. Sabatini*P<d.e.1

*Whitehead Institute for Biomedical Research, Cambridge, MA 02142; ®"Howard Hughes Medical Institute, Massachusetts Institute of Technology,
Cambridge, MA 02139; “Department of Biology, Massachusetts Institute of Technology, Cambridge, MA 02142; *Koch Institute for Integrative Cancer
Research, Massachusetts Institute of Technology, Cambridge, MA 02142; and “Broad Institute of Harvard and Massachusetts Institute of Technology,

Cambridge, MA 02142

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected in 2016.

Contributed by David M. Sabatini, September 22, 2017 (sent for review September 14, 2017; reviewed by Lewis C. Cantley and Joseph L. Goldstein)

In my PNAS Inaugural Article, | describe the development of the
mTOR field, starting with efforts to understand the mechanism of
action of the drug rapamycin, which ~25 y ago led to the discovery
of the mTOR protein kinase. | focus on insights that we have con-
tributed and on work that has been particularly influential to me,
as well as provide some personal reflections and stories. We now
appreciate that, as part of two distinct complexes, mTORC1 and
mTORC2, mTOR is the major regulator of growth (mass accumula-
tion) in animals and is the key link between the availability of
nutrients in the environment and the control of most anabolic
and catabolic processes. Nutrients signal to mTORC1 through the
lysosome-associated Rag GTPases and their many regulators and
associated cytosolic and lysosomal nutrient sensors. mTOR signal-
ing is deregulated in common diseases, like cancer and epilepsy,
and mTORC1 is a well-validated modulator of aging in multiple
model organisms. There is significant excitement around using
mTORC1 inhibitors to treat cancer and neurological disease and,
potentially, to improve healthspan and lifespan.

11818-11825 | PNAS | November 7, 2017 | vol. 114 | no. 45

recollections that highlight work that has been particularly in-
fluential to me. I suppose one writes such picces when one has
been around for a while. This appears to be the case, even
though T am still surprised when someone refers to me as senior
or I am asked by young scientists to talk about my career.

In the fall of 1992, I went to see Sol Snyder about a thesis
project. I remember the meeting well, as I would meet with Sol
one-on-one very few times during my time in his laboratory. Sol sat
in a comly office chair in the balled-up way that those of us in his
laboratory found impossible to mimic, and he was quiet, knowing
the power of silence (we assumed it was a trick he learned during
his psychiatry training). 1 was nervous and blurted out that
wanted to talk about potential projects. After  bit, he said, “Well,
David, we work on the brain.” That scemed like a great start, as I
wanted to do neuroscience, but then more silence followed, and, as
I was to learn, that meant the conversation was over. I left un-
settled because the brain was obviously a big topic, meaning I was
project-less. That conversation though was likely the most impor-
tant erientific interaction of mv career ac Qnl wac oivino me the
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Fig. 2. The role of mTORCI1 in longevity and aging. The mecha-
nisms of how mTORCI regulates longevity and aging.

Gerontology 2018;64:127-134
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ARTICLE
Received 2 Nov 2012 | Accepted 26 Jun 2013 | Published 30 Jul 2013 DOI: 10.1038/ncomms3192

Metformin improves healthspan and lifespan
in mice

Alejandro Martin-Montalvo'*, Evi M. Mercken'*, Sarah J. Mitchell"23, Hector H. Palacios!, Patricia L. Mote?,
Morten Scheibye-Knudsen®, Ana P. Gomes®, Theresa M. Ward!, Robin K. Minor', Marie-José Blouin?,
Matthias Schwab8, Michael Pollak’, Yongging Zhang®, Yinbing Yu'®, Kevin G. Becker®, Vilhelm A. Bohr>,
Donald K. Ingram", David A. Sinclair®, Norman S. Wolf'2, Stephen R. Spindler?, Michel Bernier' & Rafael de Cabo'

Metformin is a drug commonly prescribed to treat patients with type 2 diabetes. Here we
show that long-term treatment with metformin (0.1% w/w in diet) starting at middle age
extends healthspan and lifespan in male mice, while a higher dose (1% w/w) was toxic.

Treatment with metformin mi~i-~ ~~=~—-~ of the benefits of calorie restriction, such as
Screenshot

" - a " o— " OSHER
improved physical performance, m. .cascu insulin sensitivity, and reduced low-density
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Nutrients @ Rapamycin Metformin Resveratrol PPARP
/ / / Inflammation
P13k
— NAD — NR
l / NMN
mTORc 1 /
l \/Autophagy and stress/metabolic resilience
Growth Mitophagy and mitochondrial biogenesis oo
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Stem cells and
regenerative
medicine

* Embryonic: pluripotent,
can form almost any cell
type in the human body

* Tissue specific: can form
only limited types of cells

* Induced pluripotent:
engineered by scientists
to behave like embryonic
stem cells

45
Induced Pluripotent Stem (iPS) Cells
Virus engineered <
to express four 9
. key “pluripotency” PGPSR o
N . genes > ¥ 2 o9 2
The Winding Road to Trge et €
o o
Dlscoverlng Pros: No embryos required
o No immune rejection?
o Disease in a dish?
i ells
’QQVQ X 4 Cons: May not be = to ESCs
The Life of Yamanaka Shinya Genetically engineered
Skin cells iPS cells
YAMANAKA Shinya
Interviewor MIDORI Shinya
an 1 N
= e/ \
JIUIEA
Twwernd w Tony Agonson
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Diseases that stem
cells have the
potential to treat

* Blood diseases

* Heart diseases

* Parkinson’s

e Alzheimer’s

* ALS

e Multiple sclerosis
* Macular degenerations
* Cancer

* HIV/AIDS
 Spinal cord injury
e Stroke

© 2001 Encyclopadia Britannica, Inc.

Bone Marrow (Hematopoietic Stem Cell) Transplant
Example of a tissue-specific stem cell therapy

reduce volume
thaw cryopreserve  of fluid with
stem cells stem cells stem cells

47

Telomere
Attrition

¢ Too much telomere erosion
causes cells to malfunction and die.

* Telomeric DNA partially shortens
during the decades of human
lifetimes

TELOMERES /

SHORT
TELOMERES

48
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==

Baseline leukocyte telomere length decile predicted mortality

after 7 years

Multivariate-
Adjusted Mortality
Hazard Ratio:

#MIGlobal

Decile 10
Shortest telomers

R?= 097775

3 4 ‘ 4 8 )

Telomere length decile; 1 = longest; 10 = shortest

——All-cause mortality ——Unspecif

m MILKEN INSTITUTE

ed cause death” Death from other causes ===Cardiovascular ====Any cancer
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ORIGINAL ARTICLE

Aging & wiLey

Reversal of epigenetic aging and immunosenescent trends in

humans

Gregory M. Fahy*
Shreyas S. Vasanawala®
David T.S. Lin®

UIntervene Immune, Los Angeles, CA, USA

2UCLA Division of Plastic and
Reconstructive Surgery, David Geffen
School of Medicine, Los Angeles, CA, USA

3Departments of Microbiology and

Immunology, Stanford University, Stanford,

CA,USA
“stanford Medical Center, Stanford, CA,
USA

“Institute for Immunity, Transplantation
and Infection, Stanford School of
Medicine, Human Immune Monitoring
Center, Stanford, CA, USA

$Department of Medical Genetics,

BC Children's Hospital Research
Institute, Centre for Molecular Medicine
and Therapeutics, University of British
Columbia, Vancouver, BC, Canada
Human Genetics, David Geffen School
of Medicine. Universitv of California | o

| Robert T. Brooke®
| Holden Maecker® | Michael D. Leipold® @ |
| Michael S. Kobor®

| James P. Watson? | Zinaida Good®© |
| Steve Horvath’

Abstract
Epigenetic “clocks” can now surpass chronological age in accuracy for estimating
to show that epi; ic aging

biological age. Here, we use four such age
can be reversed in humans. Using a protocol intended to regenerate the thymus, we
observed protective immunological changes, improved risk indices for many age-re-
lated diseases, and a mean epigenetic age approximately 1.5 years less than baseline
after 1 year of treatment (-2.5-year change compared to no treatment at the end of
the study). The rate of epigenetic aging reversal relative to chronological age acceler-
ated from -1.6 year/year from 0-9 month to -6.5 year/year from 9-12 month. The
GrimAge predictor of human morbidity and mortality showed a 2-year decrease in
epigenetic vs. chronological age that persisted six months after discontinuing treat-
ment. This is to our knowledge the first report of an increase, based on an epigenetic
age estimator, in predicted human lifespan by means of a currently accessible aging
intervention.
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Maybe We Can!

September 8, 2019:
We published
the first strong
evidence that
aging can be

i ANATOMI
Aging QU

ORIGINALARTICLE = @ Open Access @ ®

Reversal of epigenetic aging and immunosenescent trends in

reversed humans
in humans.
“This is to our knowledge the first report of an increase . . . in predicted

human lifespan by means of a currently accessible aging intervention.”|

N~

51

So We Tested Generalized Aging:
Epigenetic Aging Was Reversed!
The Horvath epigenetic <Z% ol
aging “clock™: a
.
Reveals <'r |
biological age < ,
more accurately than S | 1
: = p<0.0001
your birthday can. .
0 5 10 15 20
Aging 08 September 2019 | https://doi.org/10.1111/acel.13028 Month from trial onset

52
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Implications

Aging Progression Patterns

N

Normal Aging

-t
|

"Longevity Escape Velocity'

1
—
I

TRIIM Trial Results

| |
0 1
Elapsed Time (Years)

|
N

Change in Epigenetic Age (Years)
o
[

Aging

08 September 2019 | https://doi.org/10.1111/acel.13028
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Cold ° o
= bioRyiv
Harbor
Laboratory X
THE PREPRINT SERVER FOR BIOLOGY
bioRxiv posts many COVID |9-related papers. A reminder: they have not been formally peer-reviewed and should not
guide health-related behavior or be reported in the press as conclusive.
New Results A Follow this preprint
Reversal of ageing- and injury-induced vision loss by Tet-dependent
epigenetic reprogramming
Yuancheng Lu, Anitha Krishnan, Benedikt Brommer, Xiao Tian, Margarita Meer, Daniel L.Vera, Chen Wang,
Qiurui Zeng, Doudou Yu, Michael S. Bonkowski, Jae-Hyun Yang, Emma M. Hoffmann, Songlin Zhou,
Ekaterina Korobkina, Noah Davidsohn, Michael B. Schultz, Karolina Chwalek, Luis A. Rajman, George M. Church,
Konrad Hochedlinger;Vadim N. Gladysheyv, Steve Horvath, Meredith S. Gregory-Ksander, Bruce R. Ksander,
Zhigang He, David A. Sinclair
doi: https://doi.org/10.1101/710210
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Young

Old / Injured

Reprogramming
(OSK)

Reprogrammed
"young"
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Live longer by applying these principles
from the people who have lived longest!
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Antiaging diets: Separating fact from fiction

Caloric restriction has been known for nearly a century to extend life span and delay age-associated
pathology in laboratory animals. More recently, alternative “antiaging” diet modalities have been
described that provide new mechanistic insights and potential clinical applications. These include
intermittent fasting, fasting-mimicking diets, ketogenic diets, time-restricted feeding, protein restriction,
and dietary restriction of specific amino acids. Despite mainstream popularization of some of these
diets, many questions remain about their efficacy outside of a laboratory setting. Studies of these
interventions support at least partially overlapping mechanisms of action and provide insights into what
appear to be highly conserved mechanisms of biological aging.

Lee et al., Science 374, eabe7365 (2021) 19 November 2021 LireLon
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nature
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ARTICLE
Received 12 Oct 2013 | Accepted 5 Mar 2014 | Published 1 Apr 2014 OPEN
Caloric restriction reduces age-related and
all-cause mortality in rhesus monkeys
Ricki J. Colman', T. Mark Beasley2'3, Joseph W. Kemnitz4, Sterling C. Johnson>®, Richard Weindruch>®
& Rozalyn M. Anderson®®
Caloric restriction (CR) without malnutrition increases longevity and delays the onset of
age-associated disorders in short-lived species, from unicellular organisms to laboratory mice
and rats. The value of CR as a tool to understand human ageing relies on translatability of
CR's effects in primates. Here we show that CR significantly improves age-related and all-
cause survival in monkeys on a long-term ~30% restricted diet since young adulthood.
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; At the buffet of antiaging diets, which is the best plate? Diets clockwise from top left:
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Lee et al., Science 374, 953 (2021) 19 November 2021
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Fasting

1

Increased: Decreased:
- BHB - Glucose

- BDNF - Insulin
-PGCla -mTOR

- AMPK - Leptin
- Adiponectin -1IL6
- Ghrelin - TNFa
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Cell Metabolism 19, 407-417, March 4, 2014 22014 Elsevier Inc. osHeR

Cell Metabolism

Low Protein Intake Is Associated with a Major
Reduction in IGF-1, Cancer, and Overall Mortality
in the 65 and Younger but Not Older Population

Morgan E. Levine, ! Jorge A. Suarez,’->'1 Sebastian Brandhorst,'-2 Priya Balasubramanian,’-2 Chia-Wei Cheng, -2
Fedenca Madla 1.3 ngl Fontana, %56 Mario G. Mirisola,’-27 Jaime Guevara-Aguirre,® Junxiang Wan,'-2
1 A Valkar N | AnAAl 2%

nnnnnnnnnnnnnnnnnnn inn I Kannad 10 Min Wai 1.2 Dinrhas Pahan 1.2 Eilaan M Orimmine 1 an.

A good daily target for protein intake for those 60+ years of ageis 1 —1.2
grams/kg body weight per day. This should be comprised of protein sources
from plant and if desireable, animal sources that are pasture raised and
fed. Someone weighing 70 kg would target 70 — 85 grams/day.

UM I S IS Y s UMYy I I 8 I IS IV ILY W AR R | I I T Sy Tty

10Buck Institute for Research on Aging, Novato, CA 94945, USA
11These authors contributed equally to this work
*Correspondence: vlongo@usc.edu
http://dx.doi.org/10.1016/j.cmet.2014.02.006
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JAMA
Network

|Open. o

Original Investigation | Cardiology

Association of Cardiorespiratory Fitness With Long-term Mortality
Among Adults Undergoing Exercise Treadmill Testing

Kyle Mandsager, MD; Serge Harb, MD; Paul Cremer, MD; Dermot Phelan, MD, PhD; Steven E. Nissen, MD; Wael Jaber, MD

Abstract

CONCLUSIONSANDRELEVANCE Cardiorespiratory fitness is inversely associated
with long-term mortality with no observed upper limit of benefit. Extremely
high aerobic fitness was associated with the greatest survival and was
associated with benefit in older patients and those with hypertension.

Key Points

DEDIGN, DE1 1ING, AND PAKIILCIPANID 1NIS retrospective Conort stuay enroliea patients ata LAIUIuIespidLoly Huies> wds IHversely
tertiary care academic medical center from January 1, 1991, to December 31, 2014, with a median associated with all-cause mortality B
follow-up of 8.4 years. Data analysis was performed from April 19 to July 17, 2018. Consecutive adult without an observed upper limit of
patients referred for symptom-limited exercise treadmill testing were stratified by age- and benefit. Extreme cardiorespiratory
cav_matrhad rardinracniratans fitnace inta narfarmanca araiine. law (2IEth narcantilal halaus fitnecc (=2 SN ahnve the mean far ace
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Figure 1. Patient survival by performance group. (Mandsager et al., 2018)
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LTC,LDL-C, triglycerides
THDL-C

4 Blood pressure { Inflammation (CRP)

Antioxidant

T Endothelial function
4 ROS

Sauna Therapy e

Sauna bath
(Heat therapy)

* Evidence for health promotion and
disease prevention strong
¢ 30” minutes 3-4x/week

 Arterial stiffness
T Arterial compliance
L Intima media thickness

T Immune system

* Stea m or infra red T Cardiorespiratory function
¢ Stl m UIat‘eS our bOd 1es dEfe nse FIGURE 2. Pleiotropic effects (proposed mechanistic pathways) of Finnish sauna baths. CRP = C-reactive
mecha nisms protein; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol;

NO = nitric oxide; ROS = reactive oxygen species; TC = total cholesterol.

Mayo Clin Proc. ® August 2018:93(8):1111-1121 ® https://doi.org/10.1016/j.mayocp.2018.04.008
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Reclaiming and maintaining our metabolic
flexibility (ie. mitochondrial health)
Circadian Light exposure Gut health Meaningful
rhythm relationships
Lift weights Go fast Go slow Novel
experiences
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Optimism is associated with exceptional longevity in 2
epidemiologic cohorts of men and women

Lewina O. Lee>"", Peter James®, Emily S. Zevon®, Eric S. Kim®*, Claudia Trudel-Fitzgerald®%, Avron Spiro II>*9,
Francine Grodstein™'2, and Laura D. Kubzansky®<?

2National Center for Posttraumatic Stress Disorder, Veterans Affairs Boston Healthcare System, Boston, MA 02130; PDepartment of Psychiatry, Boston
University School of Medicine, Boston, MA 02118; “Department of Population Medicine, Harvard Medical School and Harvard Pilgrim Health Care Institute,
Boston, MA 02215; dDepar‘tment of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Boston, MA 02115; ®Lee Kum Sheung Center
for Health and Happiness, Harvard T.H. Chan School of Public Health, Boston, MA 02115; "Massachusetts Veterans Epidemiology Research and Information
Center, Veterans Affairs Boston Healthcare System, Boston, MA 02130; °Department of Epidemiology, Boston University School of Public Health, Boston,
MA 02118; "Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA 02115; and 'Channing Division of Network Medicine,
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Brigham and Women's Hospital, Boston, MA 02115

Most research on exceptional longevity has investigated biomed-
ical factors associated with survival, but recent work suggests non-
biological factors are also important. Thus, we tested whether
higher optimism was associated with longer life span and greater
likelihood of exceptional longevity. Data are from 2 cohorts,
women from the Nurses’ Health Study (NHS) and men from the
Veterans Affairs Normative Aging Study (NAS), with follow-up of
10 y (2004 to 2014) and 30 y (1986 to 2016), respectively. Optimism
was assessed using the Life Orientation Test-Revised in NHS and
the Revised Optimism-Pessimism Scale from the Minnesota Multi-
phasic Personality Inventory-2 in NAS. Exceptional longevity was
defined as survival to age 85 or older. Primary analyses used
accelerated failure time models to assess differences in life span
associated with optimism; models adjusted for demographic con-

ounders and health conditions, and subsequen onsidered the

Edited by Bruce S. McEwen, The Rockefeller University, New York, NY, and approved July 30, 2019 (received for review January 18, 2019)

assets that promote health across the life course, particularly in
aging, could contribute to optimal functioning and improved
health. Among psychosocial factors that appear to be potential
health assets (e.g., social integration; ref. 14), optimism has some
of the strongest and most consistent associations with a wide
range of health outcomes, including reduced risk of cardiovas-
cular events, lung function decline, and premature mortality (4—
10), and associations that are independent of other psychosocial
factors such as depression, anxiety, or anger (12). Investigators
have speculated that optimism may facilitate healthier bio-
behavioral processes, and ultimately longevity, because optimism
directly contributes to how goals are translated into behaviors
(15). Optimism is ~25% heritable but is also shaped by social

structural factors and can be learned, as demonstrated in experi-
tal bl Lo 16 cmd 1T
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Horizons of
Longevity
Innovation

* Computational Biology
* Wearable devices

* Health software and apps with Al-based
diagnostics

* Gene therapies and editing
* Stem cell technologies

* Nanotechnology with health
augmentation

* Age regression “cocktails”
* “Quantum-access” therapies
* Consciousness expansion therapies
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