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Longevity dividend:

health and economic gains by slowing the %{\W}Eﬁ
biological processes of aging Z%{@E%
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Economic burden of multimorbidity among ®
older adults: impact on healthcare and
societal costs

Louisa Picco'”, Evanthia Achilla, Edimansyah Abdin', Siow Ann Chong', Janhavi Ajit Vaingankar', Paul McCrone?,
Hong Choon Chua®, Derrick Heng®, Harish Magadi®, Li Ling Ng®, Martin Prince” and Mythily Subramaniam’

pp/a
no chronic condition: SGD%$2,806

one chronic condition: SGD%$5,610
multimorbidity: SGD$15,148

value

ANALYSIS nature

https://doi.org/10.1038/543587-021-00080-0 ag] ng

M) Check for updates.

OPEN
The economic value of targeting aging

Andrew J. Scott @', Martin Ellison©? and David A. Sinclair®*

Developments in life expemncy and ﬂu growing emphasis on biological and 'healthy’ aging raise a number of important ques-
tions for health sci and alike. Is it preferable to make lives healthier by compressing morbidity, or longer
by extending life? What are the gains from targellng aging itself compared to efforts m eradicate specific diseases? Here we
analyze existing data to [ the value of i in life expectancy, impr in health and treatments
that target aging. We show that a compression of morbidity that improves health is mora valuabla than further increases in life
expectancy, and that targeting aging offers larger ic gains than ‘We show
that a slowdown in aging that increases life expectancy by 1 year is worth US$38 trillion, and by 10 years, US$367 trillion.
Ultimately, the more progress that is made in improving how we age, the greater the value of further improvements.

slowdown in aging that increases
life expectancy by 1 year is worth
US$38 trillion
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Advanced pathological ageing should be represented in the
ICD
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Increasing healthspan of SG by ...

building the ecosystem

Healthy Longevity Medicine Society

at least 3 year in 10 years

Healthy Longevity Academy: executive, master, incubator
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diagnostics: core measuring biological age

Interventions: core ‘treating’ biological age
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Diagnostics
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Environmental
influence
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Deregulated
nutrient
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Cellular

Mitochondrial
senescence

dysfunction
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intercellular
communication
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proteostasis
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Unknown
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Epigenetic
alterations

Tuttle et al., Exp Gerontol 2018; Singh et al., Cell 2019; Shahmirzadi et al., Cell Metabolism 2020;

o ¥ |
il

Aging footprints

Pl

Blood chemistry clock

DNA methylation clock

ADIPOQ
MYH8

Accuracy? Reproducibility?

Limitations? Applications?

Galkin et al., Ageing Res Rev 2020; Tuttle et al., Aging Cell 2020

Transcriptomic clock

HOXB2
BPGM



Biomarker of Ageing Consortium

20273 Executive Committee

Facilitate communication,
collaboration, and sharing of data,
tools, and information to establish
reliable biomarkers of aging,
particularly for the identification and
evaluation of longevity

Dane Gobel
METHUSELAH FOUNDATION

Allison Duettman
FORESIGHT INSTTTUTE

Mahdi Mogri, PhD, MBA
STANFORD & HARVARD
UNIVERSITIES

Jesse Poganik, PhD
HARVARD UNIVERSITY

Allison Duettmann is the President and Dane Gobel is the Co-Founder and

Program Director for the Methusclah

Dr. Poganik is Research Fellow ar

Dr. Mogri is a Rescarch Fellow in Aging Brigham and Women's Hospital and CEO of Foresight Institute.

Research at Stanford School of Medicine Harvard Medical School. Foundation. . .
and a Visiting Scholar at Harvard Releaaw axporvion I n te rVe n t I O n S .
ARy Relevant expertise: Ad: d biotech, b, comp for Relevant expertise:
Epigenetic clocks of aging in humin and the long-term benefit of life. Non-profis management, business
Relevant expertise: model animals. developmens, decp tech open innovarion,
Biomarkers of aging and rejuvenation and dealflow.
their assessments.

2023 Scientific Committee

Vadim (]lﬂd_\'slw\: PhD

HARVARD UNIVERSITY

Dr. Gladyshev is a Professor of Medicine
at Harvard Medical School and Director
of Redox Medicine at Brigham &

‘Women's Hospital.

Relevant expertise:
Aging clocks and other biomarkers of
biological age.

Michael Sn_\'der, PhD
STANFORD UNIVERSITY

Dr. Snyder is the Chair of the
Department of Genetics at Stanford
School of Medicine and the Director of
the Center for Genomics and

Personalized Medicine.

Relevant expertise:
Longitudinal biomarkers of aging and
Multiomic Ageotyping.

Vittorio Sebastiano, PhD
STANFORD UNIVERSITY

Dr. Sebastiano is an Associate Professor
in the Department of Obstetrics &
Gynecology at Stanford School of
Medicine and the Co-Founder of Turn

Biotechnologies.

Relevant expertise:

Biomarkers of cellular rejuvenation.

Andrea Maier, MD
NATIONAL UNIVERSITY OF
SINGAPORE

Dr. Maier is a Professor in Medicine and
Healthy Ageing and the Co-Director of
Center for Healthy Longevity at the
National University of Singapore and a
Fellow of the Royal Australasian College
of Physicians.

Relevant expertise:

Healthy aging and longevity biomarkers.

Eric Verdin, MD
BUCK INSTITUTE FOR RESEARCH
ON AGING

Dr. Verdin is President and Chief
Executive Officer of the Buck Institute
for Research on Aging, as well as
Professor of Medicine at University of

California, San Francisco.

Relevant expertise:

Biomarkers of immune aging.



Timeline - biomarkers of aging

a

Aging is found to be modifiable, as CR extends
rat lifespan 44

The NIA Biomarkers Initiative holds first
conference on biomarkers of aging =

MARK-AGE consortium is launched to evaluate
biomarkers of aging *

Metabolomic biomarker predicts mortality 4

Transcriptomic biomarker associates with
biological aging #°

Epigenetic biomarker evaluates longevity
interventions in mice %

Epigenetic biomarkers using clinical information
predicts lifespan and healthspan 52

Epigenetic biomarker of rate of aging proposed 5

Cross-species epigenetic
biomarker developed °¢:57

Research « Frameworks * Guidelines
Omic biomarker development

Test series to quantify human aging is
described 2

Initial criteria for biomarkers of aging outlined °

Epigenetic biomarker predicts chronological
age 46

The NIH Geroscience Interest Group (GSIG) is
founded “®

Pan-tissue epigenetic biomarker for humans 2°

Biomarkers, EndpointS, and other Tools
released

Plasma proteomic predictor of chronological
age is described %3

Personal omics aging markers developed 5°

Biologically informed and causally guided
epigenetic biomarkers developed 8-



Categories of biomarkers of ageing -

Biomarkers of Aging

a |
I I I
Predictive / Prognostic Response Discovery
| | | | |
Mortality / Morbidity / Age-associated : Surrogate
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) B 2
Biological clocks P _ _h UKB Participapts . N 36{4 “L}E%

Brain Medical history screening:
Self-report, hospital inpatient &

Gray matter ;
White matter primary care records
Functional connectivity J' ¢
Cognition gc’ Healthy individuals Individuals with
Immune é— & diseases
Leukocytes | Pulmonary ot oo
Ery'throgytes \@ ‘ Forced vital capacity Training ¢ o reut
Thrombocytes k&_ Forced expiratory volume in 1s 20-fold E

5 __ Peak expiratory flow
C-reactive protein ™ P\ P y Chronological age

Younger Older

Moo svongin K EIVEA

Bone mineral density

Cardiovascular
Pulse rate
Systolic blood pressur

Diastolic blood pressufg; \  Ankle spacing width ‘L
' | Height
| BMI Aging profile Gene & Environment
\ Waist circumference : - o
\ fpn o 16 chronic brain o LY
Hlp circumference & body diseases a s@- 18 ——
Hepatic
Transferase en
Bilirubin Renal ¢
Albumin Glomerular filtration . .
Electrolytes regulation Mortality prediction
* 5- and 10-year survival
Metabolic » Premature death
Glucose
Lipids

143,423 individuals (age range 39-73 years, mean 56.7+8.2, 79,980 males)
- Support vector machines (SVMs) were trained to predict chr age

- 20-fold cross-validation
- Variables standardized by weighted column mean and standard deviation

Yi Tian et al., Nature Medicine 2023



Body clock

Yi Tian et al., Nature Medicine 2023

Body

Q

78 physiclogical measures
across [ organ systems
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Body clock — healthy = diseased
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Interventions e

Specific disease Specific disease

prevention treatment
ageing > >
N [
aging
l icd-11/code-459275392.htm|
[ FlND'A'EPDE codes info tools more = ‘ sign in ‘ signup 2]
-L Home > Codes > ICD-11 viewing Tue Jun 14, 2022

u@ XT9T Ageing-related

n of Diseases for Mortality and Morbidity Statistics, 11th Revision, v2022-02

i ! Ageing-related means "caused by biological processes which persistently lead to the loss of organism's adaptation and progress in older ages”
% synonyms
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Environment

Lifestyle

Supplements
Repurposed drugs
New drugs

Interventions
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- Multi-omics
Technologies

Microbiome

Metabolomics*.’

Proteomics

Transcriptomics

Epigenomics

Genomics
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Biomarkers

/

AND:
Clinical phenotyping
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Alpha-ketoglutarate

\\ (
Reduces oxidative \_ Increases cellular
stress protection
4 N
AKG / \___Maintains epigenetic  /
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Gyanwali et al., Trends Endocrinology Metabolism 2022



Alpha-ketoglutarate
. ‘ _ﬁ-"ﬁ Promotes faster wound

healing and increases
7—’;") collagen production
Maintains gut integrity

and reduces intestinal (s Skin
epithelial damage

Gastro-intestine Inhibits cancer cells growth

Reduces aging and
enhances healthy
longevity \
Aging (0] 0] /

Reduces muscle mass ==
loss and prevents
against sarcopenia

Regulates acid-base
balance in renal tubules
and increases renal
function

Reduce levels of
ammonia and
maintains nitrogen
and protein balance

Increases bone mass

density and reduces Pravents myocardial ischemic injury

osteoporosis - ¥ i and reduces plasma low-density
Bone lipoprotein and cholesterol
J concentration
= . — !
e —
Reduces oxidative neuronal damage, _ 7 Heart and blood vessels

increases brain oxygen and glucose
utilization in response to cerebral hypoxia  Brain

ABLE
double blinded RCT, 1g Ca-AKG / placebo, 6m + 3 m follow up
40-60 year-old healthy individuals with higher DNA methylation age compared to their chronological age
primary outcome DNA methylation age

Gyanwali et al., Trends Endocrinology Metabolism 2022



Nicotinamide mononucleotide (NMN) e

a NAD' levels in ageing

Youth
Optimal — *Altered NAD* metabolism
NAD" levels * NAD' level decline

b Prospects for therapeutic NAD* modulation

Strategies for boosting NAD® levels

Diet and caloric restriction
Exercise
NAD* precursors

Targeting NAD"-consuming
(CD38, PARPs) and
biosynthetic enzymes

Enhancing circadian rhythm

precursors of nicotinamide adenine
dinucleotide (NAD?*) - essential enzyme for
metabolism, DNA repair, cell growth and
survival.

Verdin, Science 2015

e Diet, lifestyle changes
* Therapeutic intervention  Restoration of

Rejuvenation

~ NAD' levels

Potential health benefits

Brain
Improved brain function and
protection from neurodegeneration

Vasculature
Increased neovascularization, capillary
density and blood flow

Liver
Improved liver function, reduced hepatic steatosis
and increased capacity to regenerate

Muscle
Reduced atrophy, enhanced mitochondrial
function and increased physical activity

Pancreas
Improved B-cell function, increased insulin
secretion and reduced inflammation

Adipose tissue
Reduced dysplipidaemia and
prevention of insulin resistance

Inflammageing
Reduced inflammation and improved
immune cell function



Nicotinamide mononucleotide (NMN)

Placebo, n = 20

300mg NMN, n =20

NAD, mean + SD (pmol/mL)

Six-minutes walking test, mean + SD (m)
Blood biological age, mean + SD (years)
SF-36, mean * SD (score)

80 men

50 = 6 years

no chronic disease
NMN for 60 days

Lin et al, GeroScience 2022

baseline  day 30 day 60 pl p2 baseline day 30 day 60 pl
8.1+5.2 9.8+8.4 11.849.4 044 0.14 11.8+11.7 29.8+20.1 32.6%17.9 0.0014
324+144 3104125 330+117 0.73 0.90 3074108 350+114 380+143 0.23
39.8047.23 --- 45.35+8.22 --- 0.029 42.15%6.03 --- 43.65+6.73 ---
121.6+13.8 126.9+12.1 128.2+12.9 0.20 0.12 123.6+12.8 131.5+11.7 136.7+12.1 0.058
600mg NMN, n =20 900mg NMN, n =20

baseline  day 30 day 60 pl p2 baseline day 30 day 60 pl
8.0+3.3 39.0+12.6 45.3+11.8 <0.001 <0.001 10.5+6.8 43.1+14.3 48.5+19.8 <0.001
289192 400185 435+104 <0.001 <0.001 323+113  425+141 480+128 0.016
45.2016.49 --- 44.05£6.37 --- 0.57 44.30+7.28 --- 45.30£5.91 ---
117.6+16.2 129.3+£12.5 136.3+12.2 0.015 <0.001 121.9+16.7 135.7+12.0 140.3+11.1 0.0045




=
Digestive
system

Immune
system

Skeletal
system

Articles including healthy individuals and

individuals with age-related diseases

N

Boni Seyfarth Kreig

Al &

Rapamycin and
rapalogs

LONGER
double blinded RCT, 6mg/week
Rapamycin, 6m + 3 m follow up
40-60 year-old healthy individuals
primary outcome hs-CRP

Hodzic et al., Gerongology; Hodzic et al., in preparation
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New longevity clinic to provide patients
‘customised’ health plan to slow ageing

Alexandra
Hospital

SHEBA

T ooy

MAYO
CLINIC

N4

© 10of2 Alexandra Hospital staff demonstrate the Facial Ageing test done with a special camera. sT PHOTO: GIN TaY

Joyce Teo
Senior Health Correspondent
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Healthy Longevity Medicine is optimizing healthspan

by targeting ageing processes across the lifespan

[0  EJ Healthy longevity Medicine Soc X | =

<& C ) https//hims.co

»h» ~

Healthy Longevity
Medicine Society

International peak professional medical society

Healthy Longevity
Medicine Society

in the field of longevity medicine

m il

Overview

The Healthy Longevity Medicine Society (HLMS) was established in August 2022 to build a clinically credible framework and
platform for longevity medicine that promotes the highest standards of interdisciplinary collaboration in the field. The HLMS is
governed by a Council of elected members representing different geographical locations and sectors. The HLMS aims to educate,
foster research and professional development, set recommendations and guidelines, and coordinate activities across the various
domains of longevity medicine.

Our Mission
The HEMS has four main objeclives:

¢ Toidentify and promote educational opportunities in longevity medicine, including accreditations and credentials
* To set and promote professional standards (including physician guidelines) in longevity medicine, thereby advancing and

ﬂ £ Type here to search
Info / membership: hims.co

Structure

Resources & Education

Events

I

Research
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Health technology is advancing.
Human lifespan is extending.

But healthspan is not catching up.

However, healthspan extension
is proven in animal models!

Why participate?

e Equip yourself with the knowledge

& skills to become the future leader

of healthcare!

Learn the foundations of healthy
3rd - 13t July 2023 longevity science from world-class
Kent Ridge Campus experts!

National University of Singapore Hear inspiring stories & get career
advice from thought leaders in both
public & private sectors!

Engage in thought-provoking

discussions & creative activities

uniquely crafted for you!

Develop transferrable skills, e.g.,

leadership, communications,

personal branding, & more!

Meet like-minded talents from

l? NUHS Centre for around the world & start building
Healthy Longevity - e = 3
your international network today!







