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Age Is perhaps the most important
predictor of mortality

Death rates across ages
National data from the United States between 2018 and 2021.
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As time marched forward, mortality at a
given age has decreased

Death rates have declined across the lifespan

Cohort data from Sweden where long-term data is available. Annual death rates at age O are shown as dots
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And life expectancy has increased

Life expectancy, 1751 to 2023

The period life expectancy® at birth, in a given year.
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Data source; Human Mortality Database (2024); UN, World Population Prospects (2024) OurWorldinData.org/life-expectancy | CC BY
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But recently American life expectancy
has plateaued and even decreased

: F, » ol ¢ v Our World
Life expeclancy
The period life expectancy® at birth, in a given year.
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Healthspan is a measure that takes into account
lifespan, and the years of life lived free from
disease, disablility, and suffering



America leads the world in the gap between Health and Lifespan

Healthspan-adjusted Life Expectancy  US Healthspan-lifespan gap is increasing over time
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Scratching the surface of longevity, how
can we figure out someone’s health?



Lets go back in time



Life expectancy In ancient times

Life expectancy, 1751 to 2023
The period life expectancy’ at birth, in a given year.
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400 BC
Life expectancy Aphorisms

=20 years Hippocrates

44. Persons who are naturally very fat
are apt to die earlier than those who
are slender.

Aphorisms, By Hippocrates, Written 400 B.C.E, Translated by Francis Adams

Life expectancy, Cambridge University press



You can tell a lot about health even
before you do invasive tests



Discobolus by Myron, ~450 BC



Discobolus by Myron, ~450 BC Woman on Her Deathbed, anonyme, école flamande,
1621



Discobolus by Myron, ~450 BC Woman on Her Deathbed, anonyme, école flamande,
1621
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In other words, it's a vibe



But how can we quantify this ~vibe~
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1832 The Quetlet Index
Life expectancy ~40

Renamed the Body
Mass Index by Ancel

Keys In 1972
Life expectancy 71.2

Body Mass Index

Body mass index (BMI) is an important indicasor of overall health. Talk to yoar Avera casw tenm about Idestyle changes to help improve your BMIL

Body Mass Index
WEIGHT |LBS)

*  Bocly mass ndex
BV 15 3 ratio of
your hagrit
0 weight

o BMIiS awey 1o ol
I you &re at a healthy
wespii

®  The hgher your 881
ha grestss your nsk
for weightveisted
heslth problams e
diabgtes, hagh
blood pressum,
conoor, haort daaasa
and more

| i .
tle 18
1. T
LR
18§ |
INERETY
114183 4
(LS
it
]
[
'

"
.". 1 .
1l 5

B N T e A P

JMEANT Tt i T
11 2 e 0oon

Ranlnalnainiaa s Yeee

e
o
¥

| Urdecweght . Normal weghe Ovoewo gne ashy . Extromee Chesity:
B o et oan 103 B - 1A 5w 2e B . 260 200 J = e B - 20 el abese

MOA - Vrvan 30
e [ Souse rarany Cometr facancal vewen |

51505 Wl b,

Avera.org Avera

Image avera.org

Eknoyan, Garabed. "Adolphe Quetelet (1796-1874)—the average man and indices of
obesity." Nephrology Dialysis Transplantation 23.1 (2008): 47-51.
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1969
Life expectancy 70.6

THE LANCET, DECEMBER 27, 1969

Occasional Survey

TEST-BATTERY TO MEASURE
AGEING-RATE IN MAN

ALEX COMFORT

Medical Research Group on Ageing,
University College, London W.C.1

(@) Hand-grip strength - s -

(a, b) Systolic blood-pressure . -
(6) Diastolic blood-pressure - .
(a, b) Serum-cholesterol o 55 s ||
(@) Vibrometer . . o s

fud ek

1,31,32

| —0-323

0-519
0-409

0-234
0-537

DRAFT TEST BATTERY FOR PHYSIOLOGICAL AGE IN MAN

Test Reference r
Hair-greying score 1 0717
(@) Skin elasticity . 1 0604
(a, &) Systolic blood-pressure 1 0519
(&) Diastolic blood-pmsurc 1 0-409
(6) Heart size 1 | 0294
(®) ‘Thorax size . 1 -0:124
(a, §) Total vital cups::ty 1 - 0402
(8)  Tidal volume .. 1 64
(&)  One-second expiratory volumc 1 —0'126
(@) Hand-grip strength o 1 —0323
(a) Light extinction test 1 0488
(@) Vibrometer 1 0537
(a, &) Visual acuity 1 ~0-423
(6) Audiometry (200 c.p.s. ) 1,35 0-445
(a, ) Audiometry (4000 c.p.s.) 1,35 0596
(a, b) Serum-cholesterol i 1, 31 32 0234
(b)) Total serum-albumin 1 —0-267
(3  Albumin/globulin ratio 16 X
Plasma water s 32
(8) Mean venous pressure .. | .
(8) Protein-bound iodine 31 ~0-33
Serum-copper 17 e
Scrum-clastase .. 37
Serum-R.N.A a5¢ 38
Nail calcium content 15 | .
(3) Stature e 21,39 | —0-532
(®)  Seated stature 21 | =053
(3) Trunk height 21 | =034
Biacromial diameter .. 21 - 040
Metacarpal osteoporotic indgx 39 - 0786
Lymphocyte R.N.A./D.N.A, ratio 10 .
e Explant latency . 40, 41 .
Serum growth- promotum (duu&culmrc) 42-45
bt Biopsy healing/contraction .. 46-48
e Clonal further viability . 49-51
Leucocyte ancuploidy .. ’e 52
Autcantibody titres o 18-20
. Skin melanocyte-count 55 13, 14
W.A.LS, tests (automated set) . 9,22,31,35
Similaritics A .o
Digit span .
Vocabulary on
Digit symbol .o
Block design e
Digit copying oo
Tapping test 35 ~ 044
Reaction-time, ruler test oo 35 048
Reaction-time, light .. 35 035
Flicker-fusion frequency 35 ~0-48
Taste sensitivity S 53 wi
+ Total S-year mortality . .o .
t Organ weights .. .o .e 54
1 Discase-specific mortalities .. o
(8) Tumour incidence, living o
t Tumour incidence, necropsy ..
t Amyloidosis, stainable ., R
t Lipofuscin accumulation i 55
t Aortic calcium .. o v 16, 56
t Collagen contractility ..
Collagen fluorescence .. 57

(a) Selected for Hollingsworth battery.
() Included in or derivable from Gitman inventory,

* Biopsy dependent.
t Necropsy dependent,



Vibes, visible and invisible are guantified
by biomarkers



Biomarkers measurable indicators of a

biological state.
They can help us to understand and

measure
Age, health, and longevity



You have years ahead of you, and | want those
years to be filled with health and happiness



Age



Part of aging Is executing a genetic
program of development, another Is the
accumulation of the substances and
experiences that we are exposed to In

our lives

Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Can you guess
someone’'s age by looking
at them?



Can we fit to age using
parameters in a blood
test?



Chronological Age
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Can we fit to age using
parameters in a blood test?
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Chronological Age

Can we fit to age using
parameters in a blood test?

Patient chronological Expression of some
ages measurable quantities, per patient
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Creating a
biomarker by
fitting a model to
chronological age
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Plot chronological vs fitted biomarker age
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In this way we create the biomarker age gap



Calculate the delta chronologic v. biomarker age

100
I

N Positive
Biomarker Age
8) Gap ‘
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O
(@)
O
o 87 .
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9 I Negative
e Biomarker Age
O . Gap
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2023 nature medicine

Article

Proteomic aging clock predicts mortality
and risk of common age-related diseasesin
diverse populations

Bilomarker = an ensemble of proteins in the
blood In a machine learning model

Biomarker Age = “ProtAge”
Biomarker Age Gap = “ProtAgeGap”



70 4 R?=0.88

40 -

Training the ProtAge
Biomarker on the UK
Biobank Database

r=0.94

RMSE = 2.85
MAP=9.24

40 50 60 70
Age at recruitment (years)

Evaluating the ProtAge
Biomarker on the China
Kadoorie Biobank
Biobank Database

e
r=0.92
70 | ®?=0.82
RMSE = 4.97
MAE = 3.90
60 -
(4]
®)]
<
O 50
o.
40
30

40 60 80
Age at recruitment (years)
Argentieri, M. Austin, et al. "Proteomic aging clock predicts mortality and

risk of common age-related diseases in diverse populations.” Nature
medicine 30.9 (2024). 2450-2460.



Poor self-rated health -

Slow walking pace

@& 204 proteins

Hand grip strength (right) @& 20 proteins

%%

o - Argentieri, M. Austin, et al. "Proteomic aging clock

0.05 0.10 predicts mortality and risk of common age-related
' ’ diseases in diverse populations." Nature

Beta medicine 30.9 (2024): 2450-2460.
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Self-rated facial aging - : _._.
|
Sleep 10+ hours per day - : ‘
|
Tired/lethargic every day - : __._‘
|
Frailty index (continuous) - : ‘
|
) Frequent insomnia - : .'.'
The ProtAge biomarker ol b <|P
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. ; ®
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|
Heel bone mineral density - ': ® <0.01
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Some of the things we can measure: X-ome

Physiological

i

Functional
performance

Physical
characteristics

Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Some of the things we can measure: X-ome

Physiological ‘ Digital
?‘ ( w
I , o t
[
Functional Measures from
performance wearables

Physical Measures from
characteristics nonwearable
. technologies

Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Some of the things we can measure: X-ome

Molecular Physiological | | Digital
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Some of the things we can measure: X-ome

Molecular Physiological ‘ Digital
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Some of the things we can measure: X-ome

Molecular Physiological Digital
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



Some of the things we can measure: X-ome

Molecular Physiological Digital
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.
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Moqri, Mahdi, et al. "Biomarkers of aging for the identification and
evaluation of longevity interventions.” Cell 186.18 (2023): 3758-3775.



2013

Horvath Genome Biology , 14:R115

omeblology.com//14/10/R115 Genome Biology
RESEARCH Open Access

DNA methylation age of human tissues
and cell types

Steve Horvath'#?

Biomarker = methylation data

Biomarker Age = "Methylation Age”

This iIs commercially available (an open source avalil)



DNA methylation age of human tissues and cell types
The Horvath Clock

B Training data cor=0.92, p<1e-200 C Test data cor=0.92, p<1e-200

4
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2
4

2

0

-2

2

vveigniea average metnyaton basea on traming cata
0
vveightea average metnyation basea on training cata

4
4

0 20 40 60 80 100

Horvath, Steve. "DNA methylation age of human tissues and cell
types." Genome biology 14 (2013): 1-20.



You can upload your or a patient’'s methylome to obtain a
methylation age

CLOCK
fF [ FoUNDATION toe ket s Jdaliome

DNA Methylation Age Calculator

Steve Morvath & Clock Foundation Toam
(infoficoddoundation ceg)
DNAMAGs Calcuraior Web Portal

Click to Login, Signup or View Your Project Dashboard

Abstract
This webpage contains information on how to calculate DNA methylation (DNAM) age based on data measured using the lumina Infinlum human {e.g EPIC, 450K, or 27K data] of par isn Y
platf {e.g- Hor M, Methyl40 or Hor A Acthyt320).

The age calculstor presented below automatically outputs the estimated DNAm age and optionaly various measures of age acceleration, predictive accuracy, and data quality. After upioading the data, the
function will return an Excel file whose rows report the estimated ONAm age of each ject and optionally itianal information. |f you only submit DNA methylation data, then you will onfy obtain an estimate
of DNAm age,

There are also analysis upgrade options now available from the Clock Foundation for a fee. The premium analyses include: (a} expanded QC and outlier reports; (b) custam study cutcome & group analysis re-
ports; and (¢} personalized GrimAge and langitudinal tracking reparts for ndividuals.

DNA Methylation Data



True Human Age

20 40 60 80

20 30 40 50

We can probe methylation age from tissue in each specific organ

Liver

N Liver err=6.7 cor=0.89, p=1.7e-13

m.ageltraining set CpGs)

Saliva

Q Saliva err=2.7 cor=0.83, p=2.8e-14

m.age(training set CpGs)

Lung

O Lung NL Adj err=5.2 cor=0.87, p=7.8e-09

40 50 60 70 80

m.age(training set CpGs)

Brain (Occipital Cortex)

G Brain Occipital Cortex err=1.5 cor=0.98, p=3.3e-1'

m.age(training set CpGs)

Muscle

P Muscle err=18 cor=0.7, p=6.1e-11

50 70
LA 1 11

30

m.age(iraining set CpGs)

Brain (Cerrebelum)

F Brain Cerebellar err=5.9 cor=0.92, p=9.5e-0!

60

40

20

Vet e Wl el vl §

0

m.age(training set CpGs)

Kidney

M Kidney err=4.6 cor=0.86, p=3.6e-59

o -
w©
S -
g -

L

20

m.age(training set CpGs)
Heart
L Heart err=12 cor=0.77, p=0.073
o
r\ -
0 i
w - -
[ f - . =3
© -
o s 1

[T
w

m.age(training set CpGs)

Horvath, Steve. "DNA methylation age of human tissues and cell types." Genome biology 14 (2013): 1-20.

>

Methylation Age (Trained on CpG sites in the paper’s training set)



Epigenetic age correlates
with longevity, intact mobility,
and cognitive function

[‘\

ok Open o

Oviginal Investigation | Public Health
Analysis of Epigenetic Age Acceleration and Healthy Longevity
Among Older US Women

Purva Lin, PhD, MPH. Alexandra M. Binder, 5c0, ScM. Brian Chen, PhD; Humiberto Parada Jr, PhC, MPH, Linda C Gallo, PhiD; John Acaraz, PhD; Steve Horvath, PhD, ScD,
Parveen Bhatti, PHD, Eric A. Whitsel MD, MPH, Kristina Jordabd, PhD; Andres A Baccarsli, MD, PhD: Lifang Mou, MD, PRD; James D. Stewact, PhD; Yun U, PHD,
Jamie N Ausstice, PhD, MS; Andrea Z. LaCroix, PhD

A | Age 90 y with intact mobility

EAA measure

AgeAccelHorvath |
AgeAccelHannum =
AgeAccelPheno u
AgeAccelGrim ]
0.[5 0i6 0j7 0j8 019 1 111
OR (95% CI)

C | Age 90 y with intact mobility and cognitive function

EAA measure
AgeAccelHorvath -
AgeAccelHannum i
AgeAccelPheno |
AgeAccelGrim B
0j5 016 0j7 0j8 019 i 1.11
OR (95% ClI)

Does Jain, Purva, et al. "Analysis of epigenetic age acceleration and healthy longevity among older US women.
network open 5.7 (2022): e2223285-2223285.



Can we measure multidimensional
age, and In so doing obtain
Insights that will allow us to slow
the march of time



Are there multiple dimensions to
Age”?
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Back to the Protein (ProtAge) Blood Biomarker

60 -

40 -

20 +

Cumulative Incidence (%)

0 -

30 -

20 A

10 A

0 -

All-cause mortality
(n=1,538)

40 50 60
Emphysema, COPD
(n=624)

40 50 60
Parkinson's disease
(n=147)

15 4

10

20
15 -
10 -

o3 38 8 8

UKB
Type 2 diabetes IHD All stroke Ischemic stroke
(n=939) (n=1414) (n=440) (n=381)
20 -
15
40 - 15 1
10 - 10
20 5 5
T T T 0 = T Al o i ' T R ! 0 qT T T
40 50 60 40 50 60 40 50 60 40 50 60
Chronic liver diseases CKDs All-cause dementia AD
(n = 346) (n = 860) (n=414) (n=192)
40 | 15
30 - 6
10 -
20 - 4-
10 - o] 2 -
1 T T 0 A T T 0 L . T T o 7 T T 1
40 50 60 40 50 60 40 50 60 40 50 60
Rheumatoid arthritis Macular degeneration Osteoporosis Osteoarthritis
(n=279) (n=353) (n=504) {(n=1,705)
15 60
20 -
10 - 20
5 & 20
0 0 0 -

40 50 60

Patient age at entry into the dataset

Protein Age Gap

ProtAgeGap

@» Top 10%
@ Median 10%
@ Bottom 10%

Argentieri, M. Austin, et al. "Proteomic aging clock predicts mortality and
risk of common age-related diseases in diverse populations.” Nature

medicine 30.9 (2024): 2450-2460.
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Healthy Longevity 2019: Supplement Article

Multi-Omic Biological Age Estimation and Its Correlation
With Wellness and Disease Phenotypes: A Longitudinal

Study of 3,558 Individuals

John C. Earls, MSc,'? Noa Rappaport, PhD,' Laura Heath, PhD,' Tomasz Wilmanski, PhD,’
Andrew T. Magis, PhD," Nicholas J. Schork, PhD,? Gilbert S. Omenn, MD, PhD,*
Jennifer Lovejoy, PhD,' Leroy Hood, MD, PhD,’** and Nathan D. Price, PhD,'?

Biomarker = multimodal data including
metabolites, proteins, and lab values

This iIs commercially available
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Obesity

Migraine =
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Depression =
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Hypertension 2 il
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Lung infection b
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Do biomarkers generally
hold across ethnic, cultural,
and geographic differences?



Biomarkers generally work across ethnic, geographic,
and cultural backgrounds, but may require fine tuning

>

Predicted values of age

All - Canada
r=0.72 R?=0.52 p-value <le-05

B

Predicted values of age

80

All - S. Korea
r=0.70 R? = 0.49 p-value <le-05

All - E. Europe

@

r=0.84 R?= 0.70 p-value <le-05

Predicted values of age

20 40 60 80

20

40

Actual values of age

Mamoshina, Polina, et al. "Population specific biomarkers of human aging:
a big data study using South Korean, Canadian, and Eastern European
patient populations." The Journals of Gerontology: Series A 73.11 (2018):

1482-1490.
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< Post (7 eee
@ Chamath Palihapitiya @ B3
@chamath

This is my HRV and VO2Max over the past three
months of using Whoop.

| travelled more, exercised less, slept less, ate
more poorly and drank more often than normal.
But | still spent time with my wife and kids
consistently and kept my poker game on
Thursdays which is my way for me to spend time
with my friends.

w M an

43 ms

€ NOV 12 24 MAY 11

During this 6-month period, your average
HRV has been 43, Wear your WHOOP to bed
. . . <3 . . . each night to track how your HRV changes
All of this said, | think this is what it looks like if i i :

you have to make trade offs and live a normal

life.

| don’t want to change what | accomplished
these past three months.

YOUR CARDIO FITNESS LEVEL

Now what?

I'm asking this more philosophically in the 12:49 p.m. - 5/11/25 - 299k vues
context of what I’'m supposed to be getting out
of all of this measurement?

Postez votre reponse

)
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Kevin Bass PhD MS & @kevinnb...-4h (4
Bodyfat, LDL, blood pressure, how active you

" areis much better validated HRV. If HRV is

declining, that’s probably not good, but it’s
questionable. Just focus on staying fit. There is
areason Whoop isn’t something doctors
prescribe. It’s because they have much better
metrics Voir plus

S 0 Q6 ek [ &



Bryan Johnson @ @bryan_johnson-3h (J
I'd focus in on a few power laws so that you can

keep the lifestyle you want and also feel
excellent, clear headed and have a stable
mood.

The #1 thing I'd focus on is resting heart rate
before bed. Try to get it as low as possible.

Eat earlier and lighter;
try to lessen Voir plus

Q 17 1 22 Q523 (|1528k [ &



ericosiu @ & @ericosiu-4h (4
Don’t know if I'd trust the vo2 max
measurement from a wearable right now

QO a Q7 23k A &



- Throw itin the trash can and start working out.
Two words

‘ !! ii. Chandan Ganwani & @chandan...-4h (4

Progressive Overload

@, n Q 677 [ &



Daniel Quigley & @ddquigs-4 h &)
\ Way too much measuring.
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Will Ahmed @ @willahmed -3 h )

Hi Chamath whoop founder here. thanks for
being on whoop. have you gotten the MG or 5.0
yet? | think you will like the Healthspan feature
which shows you how metrics like RHR and
VO2 max are trending relative to men your age.
Explained here. x.com/willahmed/stat

q will Ahmed @ @willahmed -3 |

Our latest software innovations unlock
entirely new dimensions of health.

Healthspan with WHOOP Age: a dynamic
view of your biological age and pace of
aging, based on your behaviors and

physiology.




May 8 2025 Whoop

Healthspan: An all-new way to extend your prime
for years to come

- 00




How will Al and LLMs
measure and act as
biomarkers, and how will
they allow us to understand
and even extend longevity



ARTICLE

OPEN

Brain age prediction using deep learning uncovers
associated sequence variants

B.A. Jonsson® "2, G. Bjornsdottir® !, T.E. Thorgeirsson® |, L.M. Ellingsen® 2, G. Bragi Walters® "2,
D.F. Gudbjartsson® 2, H. Stefansson® !, K. Stefansson® "2* & M.O. Ulfarsson® 12*

Brain age
prediction

Preprocessing Combination [—>»




FaceAge, a deep learning system to estimate biological age "
from face photographs to improve prognostication: a model
development and validation study

Dennis Bontempi®, Osbert Zalay®, Danielle S Bitterman, Nicolai Birkbak, Derek Shyr, Fridolin Haugg, jack M Qian, Hannah Roberts, Subha Perni,

Vasco Prudente, Surgj Pai, Andre Dekker, Benjamin Haibe-Kains, Christian Guthier, Tracy Balboni, Laura Warren, Monica Krishan, Benjamin H Kann,
Charles Swanton, Dirk De Ruysscher, Raymond H Makt, Hugo ) W L Aertst

May 8 2025

Lancet Digit Health 2025

-
FaceAge algorithm 3

FaceAge prediction

N

Deep leamning pipeline

i
j;

input || TN output
Face localisation Face feature extraction m
Ao sEm———
FaceAge=55 years; age=62 years
Data .'ég% . .
Bontempi, Dennis, et al.
Discovery datasets {(n=58 851) Clinical validation datasets (n=6196)

"FaceAge, a deep
learning system to
estimate biological age
from face photographs to

Training datasets | IMDb-Wiki a MAASTRO biobank Harvard thoracic Harvard palliative

& 717 patients

8—% 56304 well known, healthy individuals o
= 4906 patients @5 5§73 patients
@ Manually curated and focused on

N older individuals Stage -1l multiple cancer types

Technical validation | UTK

[Qp) 2547 healthy individuals with
e

matched ages and ethnicity labels

treated curatively

Basic chinical information
inchuding clinical outcomes

" Stage -l thoracic cancer
< treated curatively

1 Petalled clinical information
{  and outcomes

Stage IV metastatic disease

wreated palliatively

Detalled clinical information
and outcomes

a Publicly available data

Improve prognostication:
a model development
and validation

study." The Lancet
Digital Health (2025).



FaceAge determined by Al significantly predicts and stratifies overall survival in patients
with cancer

All (n=4906)

2 757 Covariate HR (95% Cl) p value
>
§ 50 ;03-830%1 ] - FaceAge (decade) : @ 1428 (1-351-1-510) <0-0001
9 <UVUVUL = T S—— 0 T e eeeesese e e e e e e -----o---- :. ................................................
= = Age | 1156 (1.063-1-258)  0-0008
> —— FaceAge <65 years ’
g 25 - FaceAge >b65to 75 years Age and sex - m 1213 (1114—1321) <0-0001
£ — FaceAge >75 to 85 :

- FZEZASZ -85 ;m e Age, sex, and tumour group :M 1151 (1-056-1-254) 0-0013

0 T T T T T T 1 I | | | |
0 1 2 3 4 5 6 7 05 1 1.5 p) 2.5
e Time (years)

Bontempi, Dennis, et al. "FaceAge, a deep learning
system to estimate biological age from face photographs
to improve prognostication: a model development and
validation study." The Lancet Digital Health (2025).



FaceAge determined by Al significantly distinguishes patients who smoke from non-

smokers

20 -

FaceAge - age

-20

I

Current
(n=218)

Former
(n=726)

Smoking status

I

Never
(n=358)

Bontempi, Dennis, et al. "FaceAge, a deep learning
system to estimate biological age from face photographs
to improve prognostication: a model development and
validation study." The Lancet Digital Health (2025).



FaceAge Al strongly predicts survival at 6 months, does so better than doctors, and can
be used by doctors to improve their own predictions

Effect of clinical aids on physician's
performance

0-854 — Resident
—— Attending

0-80
0-75
070
0-65

0-60 -

AUC (6 months survival)

055 -

0-50 -+ T T T ]
Picture Picture FaceAge FaceAge
and clinical risk risk
chart model model
L |

Doctor's predictions

Bontempi, Dennis, et al. "FaceAge, a deep learning
system to estimate biological age from face photographs
to improve prognostication: a model development and
validation study." The Lancet Digital Health (2025).




Let’s reflect upon our journey
through chronological time
and chronological age
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Next steps



Just because something correlates
with age, doesn’'t mean that it
causes age

But If there Is real biology at play,
biomarkers may give hints for new
therapeutic targets against aging



How much can we personalize
recommendations using this biomarker data?




How much can we personalize
recommendations using this biomarker data?
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What do we actually do with all of this data:
Clinical trial end points

2 years of calorie restriction and cardiometabolic risk & ped ®
(CALERIE): exploratory outcomes of a multicentre, phase 2,
randomised controlled trial

William E Kraus, Manjushri Bhapkar, Kim M Huffman, Carl F Pieper, Sai Krupa Das, Leanne M Redman, Dennis T Villareal, James Rochon, Lancet Diabetes Endocrinol
Susan B Roberts, Eric Ravussin, John O Holloszy, Luigi Fontana, on behalf of the CALERIE Investigators* 2019; 7: 673_83



Can we demonstrate that measuring
these biomarkers actually improves
healthspan?
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<« Post (I ooe
@ Chamath Palihapitiya @ E3
@chamath

This is my HRV and VO2Max over the past three
months of using Whoop.

| travelled more, exercised less, slept less, ate
more poorly and drank more often than normal.
But | still spent time with my wife and kids
consistently and kept my poker game on

?
Thursdays which is my way for me to spend time NOW W h at .

with my friends.

All of this said, | think this is what it looks like if

you have to make trade offs and live a normal I’m aSking thiS more phl'OSOphica”y in the

life. .
context of what I’m supposed to be getting out

| don’t want to change what | accomplished .

these past three months. of all of this measurement?

Now what?

I'm asking this more philosophically in the
context of what I'm supposed to be getting out
of all of this measurement?

Postez votre réponse
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Maybe it Is a vibe?



Where we came from:

One of the great challenges of our
time Is that human lifespan has
stopped Increasing, and
nealthspan has contracted



Will we be able to improve healthspan?
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Maternal conditions
Nutritional deficiencies
Respiratory infectious
Infectious and parasitic diseases
Neonatal conditions
Intentional injuries
Unintentional injuries
Other neoplasms
Congenital anomalies
Skin diseases

Endocrine, blood, immune disorders
Digestive diseases
Malignant neoplasms
Oral conditions
Genitourinary diseases
Cardiovascular diseases
Diabetes mellitus
Neurological conditions
Respiratory diseases
Sense organ diseases
Musculoskeletal diseases

Mental and substance use disorders

o

B cwen
B injuries

[Inco

JoEE===== ==

-
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Years lived with disability, y
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What will life expectancy in the next 50 years look like

@

400 BC,
~25 years

O
1600,
~33 years

400 BC

1600

Life expectancy, 1751 to 2023

The period life expectancy' at birth, in a given year.

90 years Japan

France
80 years L
70 years /V

South
60 years

Nigeria

50 years

— ,«’ {

30 years

20 years
10 years

0 years : : . . . .
1751 1800 1850 1900 1950 2000 2023

Data source; Human Mortality Database (2024); UN, World Population Prospects (2024) QurWor Data.org/life-¢

1. Period life expectancy: Period life expectancy is a metric that summarnizes death rates 55 all age groups in one parbicutar vear. For a given

year, it represents the average lifespan for a hypothetical group of people, if they experienced the same age-specific death rates throughout their
s the ige-specihc deatt it seen in that wrticular year, Learn more in our articles: "Life expectancy” - What does this actually

in d Period versus cohort measures: what's th



How do we overcome health and lifespan stagnation

Life expectancy, 1751 to 2023 O Ao

in Data

The period life expectancy' at birth, in a given year.

90 years Japan
Hippocrates of Kos France
=2 Swedg
80 years
v,
United States
70 years Dina
South
60 years

Nigeria
50 years

40 years

o
1600, 30 years

@)
~33 years
400 BC, y 20 years
~25 years
10 years
/ L / A O years T T T T : :
[ [ 1751 1800 1850 1900 1950 2000 2023

400 BC 1600

Data source; Human Mortality Database (2024); UN, World Population Prospects (2024) OurWorld




Biomarkers will allow us not only to
measure the progress in our own health
journey

But also our progress in the critical human
endeavor of increasing health and life
span



You have years ahead of you, and | want those
years to be filled with health and happiness



Thank you



TODO:

Bring it back to Grip Strenght, blood pressure, cholesterol, the basics

Add any evaluation of Whoop healthspan

Add another wearable?

Delete second age biomarker paper

Show that organ specific data matters

Show that there are RCTs where they use these biomarkes as endpoints, so that they actually matter

Al
Bring it back to lifespan and age rates over time
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But what Is a life worth living



What Is a life of thriving






Dictionary

Definitions from Oxford Languages ‘- Learn more

@ bi-o-mark-er

D10 markar/

noun

a measurable substance in an organism whose presence is indicative of some
phenomenon such as disease, infection, or environmental exposure.

"a biomarker that may predict aggressive disease recurrence in liver transplant recipients”




bi-0o-mark-er
/' b10 markar/



1935 Caloric restriction in rats is seen to increase lifespan



safety'® for application to biomarkers of
aging. Among the listed categories of bio-
markers, predictive and response bio-
markers are currently the most relevant in
the context of aging research, although it
should be noted that no aging biomarkers
of any category have been approved by
U.S. regulators for clinical applications.
Predictive biomarkers



Epigenetic Clock
Jim Kirkland Aging
American Federation for Aging

Buck
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Response biomarkers

Prognostic



Table 2. A select list of human predictive biomarkers of aging associated with various age-related conditions and their commercial

applications

Biomarker of aging

Biomarker type

Age-related conditions

Commercial application®

DNAmAge (Horvath,'”
Hannum™’)

GlycanAge™*

PhenoAge”™ and GrimAge”’

DunedinPoAm and
DunedinPACE™*

Muiti-omic biological age
estimation based on KDM
(Klemera-Doubal method)”'

Aging.Al, Deep Transcriptomic
and Proteomic Clocks

Epigenetic clocks, based on a
set of DNA methylation
measures associated with
chronological age

A panel of molecular measures
based on glycans attached to
Immunoglobulin G (IgG)
antibodies associated with
chronological age

Epigenetic clocks, based on a
set of DNA methylation
measures associated with
“clinical phenotypic age
measures” (a panel of age-
associated molecular and
physiological biomarkers,
measured in blood)

Epigenetic clocks, based on a
set of DNA methylation
measures associated with “pace
of aging measures” (a panel of
age-associated molecular and
physiological biomarker
measurements of different organ
systems)

KDM applied to over 800
principal component
transformed biomarkers
(metabolites, proteins,
genomics, and clinical
measures)

Al-based blood clocks, based
on hematological parameters
and transcriptomic and
proteomic data

Associated with multiple aging
diseases and time-to-death,
based on meta-analyses™"

Associated with multiple
diseases””

Higher association with multiple
aging-related diseases and
time-to-death, compared to
previous DNAm biomarkers, and
associated with healthspan; ="
associated with multiple age-
related clinical phenotypes
(walking speed, frailty, and
cognitive functions)™®
Associated with the incidence
of multiple chronic diseases,
including dementia, disability,
and mortality”**”

Positively and negatively
modulated by “healthy” and
“unhealthy” behaviors/health
conditions (e.g., type 2
diabetes), respectively”'

Associated with all-cause
mortality”” and muscle
wasting™

Licensed for estimating
chronological age

Commercially used to track
responses to lifestyle changes

Licensed for optimizing life
insurance

Licensed for tracking
the rate of aging

Licensed for tracking
biological age

Commercially available
for use in clinical trials

ASee Table S1 for commercial application details.




Table 3. A list of recently completed or ongoing registered clinical trials or post hoc analyses using epigenetic blomarkers of aging with a focus on longevity

Biomarker
Design, N, age  Primary outcome outcome
Typa® Study Intervention Title range, (m/7) measure Blomarker measura Result
Lifestyle CALERIE Caloric restriction Comprehensive RCT, 218, Change in core body  DunedinPACE, Post hoc Significant reduction
for 2 years Assessment of Long-  21-50 temperature and GrimAge, PhenoAge  analysis of DunedinPACE and
Term Effects of metabolic rate at (blood chemistry), PhanoAge (blood
Reducing Intake of 24 months compared Horvath and Hannum chemistry), no
Energy 1o baseline clocks significant effects for
other biomarkers of
aging™"™
DAMA Plant-food-rich Diet Exercise and RCT, 219, Change in GrimAge Post hoo Dietary intervention:
diet, exercise Mammography Trial ~ 50-69 (f) mammographic analysis 0.66 years |
breast density (GrimAge)™
MDL Diet, exercise, Methylation Diet and  RCT, 44, Health-refated Horvath clock Exploratory 3.2 years |
stress management,  Lifestyle Study 50-72 (m) quality of life
phytonutrient and
probiotic
supplements
TIIGESUND  Intermittent fasting or  TirolGESUND: BCS, 156, Epigenetic WID-REA, -RIA, Primary Not yet reported
smoking cessation General Exercise, 30-80 (f) biomarkers of aging  pcgtAge, and
Smoking Undone, and disease risk WID-SOLA
and Nutrition Dist
Pharma- Dasatinity Dasatinib and Safety and BCS, 257, Epigenetic clock DNAm (exact Primary Not yet reported
cological Quercetin quercetin Effectiveness of >40 biomarker
Quercetin & Dasatinib not defined)
on Epigenetic Aging
RAPA Rapamycin Topical-RAPA Use in  RCT, 50°, Epigenetic clock Horvath clock Primary Not yet reported
Inflammation 65-95
Reversal and Re-
setting the
Epigenetic Clock
SGLT2I Dapaghfiozin SGLT2 Inhibition In RCT, 20, Advanced glycaticn  DNAm (exact Secondary  Not yet reported
Otider Obese Aduits  >60 end products in urine  biomarker
With Pre-dgiabetes not defined)
TRIM-X Growth hormone for  Thymus RCT, 85, Epigenstic clock, GrimAge Primary Not yst reported
1 year Regeneration, 40-80 thymus regeneration
Immunorestoration,

and Insufin Mitigation
Ewvtancinn



Table 3. Continued

Biomarker
Design, N, age  Primary outcome outcome
Type" Study Intervention Title range, (m/f) measure Blomarker measure Result
Plasmapheresis PLASMA Young plasma The Plasma for BCS, 18, 60-95 Adverse effectsasa  GrmAge, Horvath, Post hoc 0.86 years |
Alzheimer SymptoM measure of safety Hannum, and Skin analysis {GrimAgs), no change
Amaboration and tolerability and Blood™ clocks, in other clocks ™’
(PLASMA) Study PhenoAge,
DNAmMTL™
Plasma- Young plasma Effects of 0,41, 40-60  Epigenstic clock DNAm (exact Primary Not yet reported
phearesis Plasmapheresis on blomarker
Aging Biomarkers not defined)
RESET-YOUTH Young plasma Reversing Epigenetic BCS, 2120, Epigenetic clock DNAm (exact Primary Not yet reported
and Other Markers of  >40 (m) biomarker
Senescence by not defined)
Transfusing Young
Plasma To Older
Human Subjects
Supplement AC1 AC-11 supplement AC-11 Supplement BCS, 327, Epigenetic clock, DNAm (exact Primary Not yet reported
for 2 months and Biological Aging  >55 telomera length blomarker
not defined)
D-SUNNY Vitamin D for Vitamin D RCT, 74, Cardiovascular Horvath and Post hoc 1.85 years | (Horvath
4 months Supplementation in 13-45 phenotypes, dose- Hannum age analysis age deviation)
Overwelght/Obese response dewviation compared to
African American placebo’’
Adults and Youth
NMN Nicotinamide To Evaluate the RCT, 90, Cellutar NAD' levels,  Aging.Al 3.0 Exploratory  Maintenance of blood
mononucleotide Efficacy and Safety of 40-65 walking test, health calculator (https:// biological age
NMN as an Anti- questionnaire www.aging.al) compared to
ageing Supplement in placebo™
Middle Aged and
Older Adults
Rejuvant Alpha-ketoglutarate  Rejuvant™ Safety RCT, 100, c-reactive protein DNAm (exact Exploratory Not yet reported
and Biomarker Study  45-75 levels biomarker
not defined)

"Table is ordered by intervention type (Hestyle, pharmacological, plasmapheresis, and supplement) and alphabetically. Most clinical studies to date have used epigenetic clocks such as the
Horvath Clock. N, number of participants; m, male participants only; f, female participants only; RCT, randomized controlled trial; BCS, baseline-controlled study; O, observational; *, estimated.




Life expectancy, 1831 et

The period life expectancy at birth, in a given year,

E8 Table S Map 122 Chart World v

No data 40 years 45 years ms S55years 60years 65years 70years 75years 80years 85 years

] Patge time-lapse 1751 . 2023
Dat ce: Human Mortality Database {2024); UN, World Population Prospects (2024) - Learn more aboyt this dats
a source: Human Mortality Database { } orld Population Prospects ( ) - Learn more a is data & Downiosd o8 Stace s Exit full-screen

OurWorldinData.org/life-expectancy | CC BY



How far have we come



How far have we come
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Measure your Bioage at home
Written by: Bryan Johnson | Published on: January 10, 2025
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Death rates across ages

National data from the United States between 2018 and 2021.

Annual death rate, per 100,000 people (log scale)
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c Pretreatment associations with severe irAE (CyTOF) d
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How far have we come

Biomarkers have been a part of western medicine for over 170 years

Serum Free Light Chains (antibodies) were
first used as markers for myeloma (a blood
cancer) in 1847

Image https://www.drugtargetreview.com/news/104433/a-new-study-has-
highlighted-how-an-antibody-strengthens-bonds-between-cells/



If Age Is perhaps the most
Important predictor of disease, can
we say that they share a

causal relationship?



If Age causes disease, can we
then treat It?



There is no Age, there Is only
health.



The one true clock is not age, but
our health
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Should we screen people with protein age gaps more frequently for chronic conditions



Cumulative incidence (%)
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leading DNAm clocks, including the Horvath clock22,
DNAmM PhenoAge23 and DunedinPACE24 (E



Table 1 | Loci emerging from GWAS of discrete and continuous lifespan-related phenotypes in human studies

Replication
Bety A iations with
Closest gone(s) Discrate phenotypes Continuous phenotypes Within publication  publications age-related diseases
APQE'#1-145 Age >99th percentile;age >90 years;  Parental lifespan; age  Yes Yes Muitiple
age >100 years; parental age>90th  attained by parents
percentile
CHRNA3 and CHRNAS 43144 Parental age >90th percentile Parental lifespan; age  Yes No Cancer
attained by parents
LPA43.144 Parental age >90th percentile Parental lifespan; age No Multiple
attained by
Genetic predietors: i'fa e o
me
Usp4g214 Age >99th percentile None No None
TMTC2!4! Age >99th percentile None Yes No None
L6145 Age =100 years None No No Inflammatory
ANKRD20A9P 45 Age>100 years None No No None
LINC02227%%2 Age>90 years None Yes No Cardiovascular
FOXO3Al4® Age >90 years None Yes No None
RAD50 and IL13'%7 Age >90 years None Yes No None
MC2R1%3 Parental age >90th percentile None Yes No None
USP2-AS1143 Parental age >90th percentile None Yes No None
HLA-DQA1 and HLA-DRB1143144 None Parental lifespan; age  Yes No Inflammatory
attained by parents
ATXN2'%3 None Age attained by parents No No Multiple
FURIN'®3 None Age attained by parents No No Cardiovascular
EPHX2'43 None Age attained by parents No No Cancer
PROX21%3 None Age attained by parents  No No None
CELSR2 and PSRC1'43 None Age attained by parents  No No Cardiovascular

We included only studies that showed one or more genome-wide significant associations with lifespan-related phenotypes (P< 5 x 10°®), with the excoption of the RADS0 and 113 locus
(P=5.42 x 10 "), which was based on the numboer of inkage disequilibrium-independent markers on the ganotyping array {Immunachip) used in the study'*’. We excluded studies that were based
on results from cohorts that were also included in more recent and larger studies. “Within publication’ refers to replication of a locus in diffarent cohorts within the same publication. ‘Batween

publications’ refers to rephication of a locus in different cohorts from different publications,
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