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This is a magazine created for you, the reader.
Thank you for subscribing. Together, we are going
to do amazing things.

If you love life and want it to last as long as possible.
If you want to stay healthy, sharp, and capable for
decades to come. If you want to live fully without
becoming a burden on the people you love. Or if you
simply want to perform at your highest level for as

long as possible, then this magazine is for you.

BY DAVID A. SINCLAIR, AO, PHD
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ver the years, I've
listened carefully to you,
my audience, people who
are curious, Optimistic, and
determined to take control
of their health and their
future. Lifespan is my answer
to those conversations.

Some of you may have read Lifespan, a book I co-
wrote in 2019. Others may have listened to the Lifes-
pan show. Today we're 1aunching a new endeavor,
Lifespan Magazine. Across all these efforts, my goal
is the same: I want to create opportunities for
1earning where the science is checked, the claims
are sourced, and the advice is judged by whether it
is credible, useful, and grounded in real data. How-
ever we reach you, we're giad you're here. And if
you want to stay up-to-date with all our resources,
it’s my hope that you’ll consider joining the Lifes-
pan Community. By doing SO you’ll be directly sup-
porting medical research.

My promise is simple:

1. Provide only evidence-based information on
science and health

2. Give practical information that helps you live
a longer, healthier life

3. Support medical research

4. Build the largest global longevity community
that can rebuild healthcare from the ground up

This isn’t another wellness publication chasing
trends. It is part of an ecosystem built for members
around science, transparency, and action.

And the timing could not be better.

Lifespan Magazine is launching at a moment when
longevity, prevention, and healthy aging have
moved from the margins of science into the main-
stream. What was once a niche academic field is
now one of the most exciting frontiers in medicine,
biotechnology, and human potential.

The next decades will transform how we think
about aging and disease.



This magazine exists to help you understand that
transformation, and to help you benefit from it.

Welcome to Lifespan.

Why launch now?

Too much of the pubiie conversation about health
is now filtered through an influencer wellness in-
dustry that is often uncredentialed, pooriy sourced,
conflicted, and detached from evidence.

Recent research describes a digitai environment
in which health and nutrition content is heavily
shaped by marketing and influencers. Research has
found that 44.8% of nutrition information posted
by popu]ar Instagram accounts contained inac-
curacies." Consumers want better answers about
what to take, how to exercise, what to eat, and how
to live their iongest, best, healthiest lives. What is
missing is a pubiieation that treats the reader with
respect.

There is a section of society that is tired of all the
clickbait from newspapers and TV. They want:

1. Real facts, not fads
2. Well-researched articles, written by scientists
3. Evidence-based recommendations, not siogans

4. More medical research, not more billionaires
with racecars

5. Making medical innovations accessible
to everyone

If any of this resonates with you, then we hope
you’ii join us. We're creating a place where curious
people can learn together, ask hard questions, and
act on the best available evidence.
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A field moving from fringe

to mainstream

The g]obai wellness economy reached $6.8 trillion
in 2024 and is projected to reach $9.8 trillion by
2029.2 At the same time, scientific and commer-
cial interest in aging bioiogy has accelerated, from
standalone companies to broader activity across
pharma, artificial intelligence, genomics, and pre-
cision health.

One clear sign of that shift is the emergence of
well-funded companies built around aging biolo-
gy. Altos Labs has focused on cellular rejuvenation
and restoration, while Retro Biosciences has po-
sitioned itself around extending healthy lifespan
and preventing or reversing age—reiated disease.
This is no longer a fringe conversation. It is now
part of the core strategy of a growing set of serious
research organizations and investors.

The future is consumer biotech. GLP-1 drugs
changed the psychology of medicine and of con-
sumers. These drugs began in diabetes, expanded
into obesity, then showed broader relevance across
cardiovascular and metabolic disease, and, more
recently, aging. A 2025 editorial in Nature Biotech-
nology explored the question of whether GLP-1s
might be the first longevity drugs.? It’s clear that
they work across multiple systems, even having a
beneficial impact in substance use disorders.*

Whether or not GLP-1s ultimately prove to be
10ngevity therapeutics, they have aiready accom-
piished something Consequentiaiz they have made
the notion of interventions that slow aspects

of aging both credible and imaginable to a broad
pubiie. This may well foreshadow the path

by which the first true iongevity therapies reach
the mainstream.
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The convergence that
18 changing medicine

Aging remains the single greatest risk factor for
most chronic diseases. There are others, of course.
Smoking is dangerous and rightly carries that rep-
utation. But scale matters. Smoking increases the
risk ofmany cancers by roughly 2 to 3 times. Aging,
between about 40 and 75, increases cancer risk by
approximately 30 tO 40 times. If medicine is serious
about reducing the burden of disease, it must ulti-
mately confront the biology of aging.

This is not only a scientific problem. It is an eco-
nomic one. In 2021, Dr. Andrew Scott, Dr. Martin
Ellison, and I published The Economic Value of Tar-
geting Aging in the scientific journal Nature Aging.S
We estimated that slowing aging enough to extend
life expectancy by just one year would generate
approximately $38 trillion in societal value. Ex-
tending healthy lifespan loy ten years would yield
about $367 trillion. These figures help explain why
longevity 1S no longer a niche conversation. It is
emerging as a central priority for public health,
biotechnology, and the global economy.

What we are now seeing is the convergence of mo-
lecular biology, genomics, Al and biotechnology.
This convergence is not theoretical. It is already re-
shaping how disease is measured, how therapies AC
developed, and how health is monitored.

On the drug discovery side, a clear example is Al-
phaFold,(’ which transformed structural biology
by making protein prediction dramatically faster
and scalable. In my own laboratory, Al is now used
to search vast chemical spaces for molecules that
may slow or reverse aspects of aging. It can analyze
microscopy images and estimate the biological age
of cells in seconds. Increasingly, Al is beginning to
function as what might be called an agentic scien-
tist: a system that amplifies the reach of good sci-
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entists. As Dr. Nicholas Galakatos, Global Head of
Blackstone Life Sciences, has noted, drug develop-
ment is hard and expensive. That is precisely why
better tools for choosing targets, screening mole-
cules, and interpreting results matter so much.

The same logic is reshaping personalized medicine.
The clinical frontier is no longer just the genome.
It is the genome, the epigenome, blood biomark-
ers, sleep, glucose dynamics, activity, medications,
environment, and how these change over time.
Wearables, blood tests, and home diagnostics are
important because they transform health from
an occasional snapshot into something closer to
continuous sensing. Al makes that stream inter-
pretable. Increasingly, these data can help fore-
cast disease risk and identify interventions before
symptoms begin.7’8 That was an argument I made
in the Lifespan book: biology would become mea-
surable, trackable, and ultimately predictable.

This is the convergent environment in which we
now find ourselves. It sets us up for an era of
extraordinary medical progress, if we can guide it
with evidence and judgment.
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“Lifespan will be more than a magazine.

A serious publication in chis field should
do more than track papers, companies,

and policy.”

IMAGE SOURCE: MARIA VINA LOPEZ, SINCLAIR LABORATORY
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The new tools driving
longevity science

Genomics is undergoing a parallel transformation.
The first human genome cost billions of dollars to
complete. The field is now pushing toward the $100
genome. Once sequencing gets that cheap, the bot-
tleneck changes. The expensive part is no longer
producing the sequence. It is organizing, integrat-
ing, and interpreting biological data at scale.”

Oxford Nanopore is a company which has been
foundational in making genetic sequencing porta-
ble and real-time. The field it helped build is now
moving toward commoditized sequencing hard-
ware and much greater strategic value in unique
datasets and interpretation. That shift echoes what
Larry Ellison has argued from the Al side: the du-
rable value may not be the machine generating
the data, or even the model processing it, but the
high-value private data itself. In biology, that prin-
ciple may be even more important than in software
because the next major advances are likely to come
from datasets that are longitudinal, clinically rich,
and hard to replicate."

More detailed and specific sequencing techniques
are now providing more data than ever before.
Single-cell sequencing allows scientists to track
changes in individual cells rather than averaging
across many cells, revealing which cell states are
driving disease and where resistance or vulnerabil-
ity sit. In practical terms, single-cell genomics is
changing how we detect disease, validate targets,

stratify patients, and design medicines."""*

Together, these developments show that the tools
for doing science are improving faster than ever,
and that the central challenge is no longer access to
data, but knowing how to use it wisely.
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Longevity medicines
come of age

Taken together, these trends point in the same
direction. Aging itself is becoming a direct target
for medicine. It’s no secret that my own work has
focused on aging, but therapies developed with ag-
ing in mind can also be used to treat specific dis-
cases. We are now entering an era in which age—fo—
cused interventions are moving from theory nto
human trials.

One exampie is ER-100, 2 gene therapy developed
by Life Biosciences, a company | founded and chair.
ER-100 is designed to restore a more youthful epig-
enome to diseased cells in the eye, with the aim
of helping them regain lost function. ER-100 has
been approved by the FDA to move to clinical tri-
als for people with certain optic nerve disorders.”
If‘you’re interested in the details, an article later in
this issue takes a deeper dive. Here, I mention it for
a simpler reason: it illustrates how quickly the field
is moving from understanding aging to attempting
to reverse aspects of it in people.
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A serious publication in this field should do more
than track papers, companies, and policy. It should
help build a public that can distinguish evidence
from exaggeration, understand what is actionable
today, and support the scientific work that remains
to be done. This is the goal of Lifespan Magazine.

The field has moved beyond the point where
it can be dismissed as fringe, but it has not yet
reached the point where confidence should out-
run evidence. Longevity is emerging as a 1egiti—
mate scientific, medical, and economic domain.
The tools are improving,. The data is improving,.
Investment is increasing. Measurement is becom-
ing more precise.

But progress brings a new obiigation: standards.
Readers need a source that can Clearly explain what
is credible, what is speculative, what is practical

now, and what is worth supporting.

That is precisely why a publication like this
should exist.

Thank you for joiningr us.

Be well,

Kav e
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RATS TEACH US
ABOUT AGING

DDDDDDDDDDDDDDDDD

EEEEEEEEEEEEEEEEEEEEEE



AUGUST 2026

o P I I I I e - -
- - PRI R I R R R [ e m -
- RN PR I R . P e e ..
P e w e - e I " s s e ..
PR PR . 5 .. PRI St . * s o= o=omoaomomomoEoaEoaw P .=
" aa W s w e s e - s I R I R A I a s m X
“ e “ e e " ee s I o R R R R R R DR .
P e m e " w e " eaow B T s f oGO0 nb 000000008 e
P e S e B me o amEE o n S e e R e e e A R I R Soe e
P aa s " aean " amaas e e I PR
" e RN P PP P o R R e PR
[ " esan " asaas e N ] e . " s
P aa s aoaa " s e amaaama o P I B i P
e aa o R T I I O N e PR
- RN R - S T R -
o oL LLIIIIIIIIIIIL. T e e L L T
R . .
= s omomom o st
.
N
-
‘o Cmmaammaa
- Fa . nes e omoessomoea .
I R I .
T .
- PRCEEEE A I - .
L PSP P e .
P R .
. PSS e .
' dooea oo A s =
drnnee s P .
Lreae s P .
e nmomm o P .
S IR R FR ] -
T L -
i R -
’ PR ]
]
.
. E
- -
3 s -
! L.
-
z .-.-.-.-.-
-~ R R
X - E I
. .-"'::‘.- R
-] ..-.'ﬁ\,‘:'f.-.-.-.....
N N
I A I .
1 PR R
e N R Y
o O R I g R
L R T I R R QR
L . I
[ R e,
L e L . I R ] -
L N R ] A L R e ] ]
s : St I
- - . I g ] R R S -
] e} - SR -’.-.-.-.':% o :
LR - - R R LI “ea T
P I ot sn s i e TR .
P R ) o I e Y LIS R
F R N e e e L P - N [ PR
LI I N i T ER - . e
F e I B e o LGRS L e me L s e T
I I T R TR - R I B " e e e
- e TR g ] SR R - .-.-__.-‘.-'
I IR - o - P N N IR PR r o
E I A o N I
NI R ] T . R I e T - .
I e R FRCRC R Gy St : -
R N NI R R R I . P
;S EE oy . - " " o~
: 2 : ” o
: - R . -
ol L . - .
- F, o - P o
- - ERE R : R ; : - -
. - E - -
5 - e L o -
- o ) et ; o Ly
. ] - :
- - - - - - - o
g I . E s M o
- T M - - by Y . "




LIFESPAN MAGAZINE

Dr. Vera Gorbunova
and naked mole-rats

hile most aging researchers study
mice or human cells, Dr. Vera Gorbunova and her
husband Dr. Andrei Seluanov built their careers
studying —and mixing — the genes of whales, bea-
vers, and pcrhaps the strangest animal in bioiogy
— the naked mole-rat. The naked mole-rat is a heav-
ily wrinkled rodent that can barcly see and lives in
dark, underground tunnels. The most spectacular
thing about these animals is that thcy can live for
around 40 years and almost never get cancer.

This iifcspan for such a small rodent is truly ex-
traordinary. To give you a sense ofjust how unique
this is, the common lab mouse used in scientific
research has a maximum 1ifcspan of three years in
captivity. In comparison, the naked mole-rat can
live more than 10 times as 1ong! This amazingly
iong life starts to approach what is typically seen
for some 1argcr primates, including goriiias. Gen-
craiiy spcaking, smaller animals don’t live as 1ong
as 1argcr animals. This is Why many cxccptionaily
iong—iivcd organisms — like giant tortoises, bow-
head whales, and Greenland sharks — are fairly
iargc. Naked mole-rats stand out as iiving a rcaily
iong time dcspitc bcing small rodents.

Getting back to Dr. Gorbunova’s lab at the Univer-
sity of Rochester, there are cages of naked mole-
rats that sit under dim red 1ight. The reason for
this setup is to mimic the darkness of their un-
derground tunnels in the wild. The animals scurry
through the enclosure in constant motion, 1iving in
colonies that look more like those of ants or bees
than typical mammals. Naked mole-rats are one of’
the few mammals that are truly eusocial. Each col-
ony revolves around a singlc queen, rccognizablc
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by the large hump along her back, who gives birth
to all the pups while the rest of the colony serves
and protects her. Naked mole-rat queens maintain
the astonishing ability to reproduce even into old
age in their thirties.

Super hyaluronic acid, slimy
cells, cancer, and aging

Then came the discovcry that made headlines." Dr.
Gorbunova had noticed that cells from the naked
mole-rat growing in the dish were cxtrcmcly siimy
and, like all good scientists, decided to investigate.
In 2013, Dr. Gorbunova and her collcagucs reportcd
in the scientific journal Nature that naked mole-rats
producc enormous quantities of an unusually 1ong
form of hyaluronic acid (often abbreviated as HA),
a sugar polymcr that is more than five times 1argcr
than the version found in mice or humans. It’s also
much 1cngthicr and, according to Dr. Gorbunova,
the hyaluronic acid “secreted by naked mole-rat fi-
broblasts is 6X iongcr than HA secreted by human
fibroblasts.” This ultra-high molecular weight hyal-
uronic acid accumulates throughout naked mole-
rat tissues and appears to stop cells from bccoming
cancerous. When the molecule was cxpcrimcntaiiy
removed, naked mole-rat cells suddcniy became
susccptibie to tumors. The ﬁnding suggcstcd that
the same slippcry molecule best known from skin-
care products may be one of the bioiogical tricks
that helps these animals live extraordinarily long
lives with almost no cancer.

\X/hy would these adorable, highly wrinkled an-
imals have so much of this large version of hyal-
uronic acid? To understand this, we need to step
into the environment of the naked mole-rats. In
their natural setting, they live in dark, small tun-
nels under arid grassiands and savannas in Africa.
A typical naked mole-rat tunnel will be around 1.2
to 2 inches in diameter and contain dozens to hun-
dreds of animals. While many humans would find



this incredibly claustrophobic and terrifying, the
reality is that naked mole-rats need to be able to
squeeze through these narrow tunnels and around
other animals. The large amount of hyaluronic acid
produced by these animals contributes to their
high skin elasticity, meaning that their skin is not
only super stretchable but also returns to its orig-
inal form afterwards. Skin elasticity is something
that declines with human aging and many supple-
ments or skincare routines are focused on improv-
ing this.

In 2023, Dr. Gorbunova published another hit
Nature paper,” this time showing that hyaluron-
ic acid also plays an incredibly important role
in the aging process. To test this, they genetical-
ly altered mice so that they produce the uniquely
large version of hyaluronic acid that naked mole-
rats produce. The results were simply astounding
and clearly showed that this compound can affect
the aging process in mice. Not only was there less
inflammation in the tissues of these animals, but
they were protected against oxidative stress, which
is something that can directly damage DNA. These
animals also lived significantly longer. Average
lifespan was increased by 4.4% and maximum lifes-
pan was boosted by 12.2%. These mice were also
much less likely to develop cancer. For elderly con-
trol mice that didn't produce this special hyaluron-
ic acid, 83% of animals developed cancer. For the
very old genetically tweaked mice that did produce
this naked mole-rat molecule, the incidence of can-
cer dropped to 49%.

The scientists in this study also tried to give these
mice skin tumors by treating them with toxic
chemicals. Once again, this unique form of hyal-
uronic acid was protective and these special mice
were much less likely to develop cancer. As if all of
this weren’t amazing enough aiready, mice produc—
ing the naked mole-rat version of hyaluronic acid
were less frail, had better grip strength, and showed
superior motor coordination. A bone marker of
mechanical strength was also improved in older fe-
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male mice. This is interesting because osteoporosis
— the loss of bone mass — is something that older
women are very much at risk of. Summarizing the
key results from the study, Dr. Gorbunova shared
that the naked mole-rat version of hyaluronic acid
“has anti-inflammatory properties, promotes stem
cell maintenance, and limits cancer metastasis.”

Hyaluronic acid’s
origin story

Like many things in science, hyaluronic acid has
a pretty cool origin story. One hot summer in the
1930s, a scientist at Columbia University named
Dr. Karl Meyer was studying the clear gel inside
a cow’s eye. This gel is called vitreous humor and
exists between the lens (which focuses light) and
the retina (which takes light and converts it into
meaningful signals within the brain). He found a
strange, slippery substance that seemed to hold
water better than almost anything known in bi-
ology. Meyer named it hyaluronic acid and, nearly
a century later, that same molecule has become a
widely used and well-known compound.

Meyer combined the Greek word hyalos, mean-
ing glass or vitreous, with uronic acid, a type of
sugar acid found in the molecule. The result was
hyaluronic acid, referencing uronic acid from the

17
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glassy part of the eye. Another surprising part of
the story is how long it took to understand what
had been discovered. Meyer and his colleague
first reported the substance in a 1934 paper in the
Journal of Biological Chemistry titled “The Poly-
saccharide of the Vitreous Humor,”? but the full
repeating chemical structure of the molecule was
not worked out for nearly twenty years afterward.

At the time, scientists mostly thought of it as a
strange “goo” molecule that helped make tissues
slippery and viscous. Only decades later did re-
searchers realize how Widespread it was in the
body, forming the hydrated scaffolding of skin,
Cartilage, connective tissue, and synovial fluid in
joints.

Hyaluronic acid and human
clinical trials

One of the more exciting developments recent-
ly is that hyaluronic acid is now loeing tested in
controlled human clinical trials, the gold standard
for testing whether or not something has a direct
effect on healch. Hyaluronic acid isn't just being
tested as a filler, but as a systemic treatment for
skin aging. In one clinical study published in the
journal Skin Research & Technology in 2023,* 129
women were given hyaluronic acid in liquid form
at a dose of 100 mg or 200 mg. After two to eight
weeks, skin hydration was significantly improved
among younger and older women. Skin tone start-
ed to improve after four to eight weeks and, after
12 weeks, the outermost layer of skin (known as

the epidermis) had measurably thickened.

This isn’t the only trial to report that hyaluronic
acid can benefic human skin. In 2025, a group of
researchers from the Czech Republic published
an exciting paper in the journal Scientiﬁc Rqoorts.S
The researchers took 150 people and randomly as-
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signed them into three different groups. The first
group received 60 mg of hyaluronic acid, the sec-
ond group got 120 mg of hyaluronic acid, and the
third group received a placebo with no hyaluron-
ic acid. The researchers looked at many different
variables, such as skin hydration, thickness of the
outermost skin layer, wrinkles, and skin strecchi-
ness. After 12 weceks, hyaluronic acid broadly im-
proved skin relative to the placebo control group.
Skin hydration, elasticity, structure, and wrinkle
depth (wrinkles typically get more prominent
with age) were all enhanced.

While looking at individual clinical trials is defi-
nitely worthwhile, there’s actually an even higher
tier of evidence with a fancy name called a me-
ta-analysis. What a meta-analysis does is take the
results from many different clinical trials and
combine them for a much larger, more impressive
analysis. What this does is allow researchers to
make more confident claims about the ability of a
drug or supplement to have a certain effect on hu-
man health. In September of 2025, a meta-analysis
was published that looked at seven different ran-
domized clinical trials that all used oral hyaluronic
acid.® The resules of their meta-analysis confirmed
that hyaluronic acid could significantly improve
wrinkle depth, skin elasticity, and skin hydration.

Looking to the future

Taken together, these trials suggest something sur-
prising: hyaluronic acid may not only work when
applied locally to the skin but may also influence
skin biology when taken orally. This might oc-
cur because fragments of hyaluronic acid are ab-
sorbed in the gut and trigger signaling pathways
that stimulate the skin to produce more of its own
hyaluronic acid and strengthen the skin barrier.
While the improvements are modest, the idea that
a simple sugar polymer already present in our bod-
ies could measurably improve skin physiology in



controlled trials has made hyaluronic acid a close-
ly watched molecule in both dermatology and lon-
gevity science.

The ﬁndings in animals are also extremely fasci-
nating. In addition to the Nature study we already
mentioned showing that mice expressing the na-
ked mole-rat version of hyaluronic acid live 10nger,
healchier lives, there’s also evidence that a form of
hyaluronic acid extends lifespan and stimulates
antioxidant defenses in worms.” This is definitely
a worthwhile molecule to monitor and there’s no
doubt that many more interesting studies are on
the horizon for hyaluronie acid.
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“What if aging and
age-related diseases —
Alzheimer’s disease, Type
» diabetes, heart disease
— are ultimacely just
manifestations of cells
forgetting how

to be young?”




patient sits in the exam room, waiting
to be seen by his doctor. His mind drifts, as it often
does, to his family. He pictures his granddaughter’s
face — the freckles, the missing teeth, the bright
smile. But when she lifts her hand to wave, it van-
ishes just as it leaves the center of his vision. He
turns his head to find it, like searching with a flash-
light whose beam has narrowed to a small circle.
The living room where he sits is all missing pieces:
no chair legs, a missing lamp, a door without a han-
dle. Everything at once is both there and not there,
present but just out of frame. He no longer trusts
doorframes, curbs, or crowded sidewalks. The dan-
ger is not where he looks, it’s where he can’t. This
is the grim reality of glaucoma. And it only gets
worse.

Back in the room, the doctor arrives. She wants to
talk about a new study the clinic is joining to treat
patients with glaucoma, a first-in-human trial of
a gene therapy called ER-100. The treatment, she
says, would deliver three genes into his optic nerve,
aiming to coax his cells to behave more like they
did when he was young. She explains that the ori-
gins of this treatment are not related to glaucoma
or even the eye at all, but basic research into why
we age. This research has suggested that as we get
older, cells can begin to “forget” their identity. In
the eye, that means cells gradually lose the precise
functions required to carry visual information to
the brain. Some scientists now view diseases like
glaucoma through this lens, less as a specific prob-
lem of the eye and more as what happens when
cells in the optic nerve lose their identity. And in
fact, this principle appears to apply more and more
broadly across tissues and diseases.

What if aging and age-related diseases — Alzhei-
mer’s disease, Type 2 diabetes, heart disease — are
ultimately just manifestations of cells forgetting
how to be young?
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Aging, reimagined

as an information problem

ER-100 represents the first clinical test of a larger
idea about aging itself, an idea called the Informa-
tion Theory of Aging (ITOA). For ER-100 to make
any sense, you have to accept a strange premise:
cells carry memories. Cells remember who they
should be, which genes to turn on and off, how to
organize themselves into a tissue. These memories
are written into patterns of gene expression, man-
aged loy a control system known as the epigenome.
In glaucoma, as in many age—related diseases, those
memories start to blur. Gene expression patterns
become dysregulated, cellular identity weakens,
and function declines.

The ITOA invites us to shift perspective. Rather
than viewing the loody simply as a collection of
mechanical parts that wear out over time, we can
see it as a dynamic system for storing, preserving,
and interpreting biological information. Aging, in
this framework, is the progressive loss of the cell’s
aloility to read its own instructions correctly, and
therefore to maintain its identity.

Aging biology is crowded with theories, but none
has yet earned the status of a single, agreed—upon
explanation. Most historical theories of aging are
sorted into two broad categories: error-based and
program—based. Debates in geroscience have long
been framed as “damage vs. program.” For much
of the twentieth century, aging research was domi-
nated loy damage—accumulation theories: oxidative
stress, free radicals, telomere shortening, and the
promise of antioxidants shaped both the scientif-
ic conversation and, later, the consumer market-
place. The central idea was straightforward: cells
accumulate molecular damage over time, and that
damage eventually overwhelms repair systems. Yet
the evidence we have — from comparative lifes-
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pans, longevity mutations, and drugs that extend
life — can almost always be interpreted in both di-
rections. The same intervention may look like “less
damage” in one framework and “turning down a
quasi-programmed process” in another.' 2

Only more recently have theorists started to talk
about aging as a problem ofbiological information
-2 gradual loss of the precise patterns of gene ac-
tivity and communication that keep cells coordi-
nated. ITOA grows out of this shift, asking not just
how much damage there is, but what it does to the
instructions that tell cells how to use their genes.
Work from laboratories led loy Dr. Leonard Guar-
ente (Massachusetts Institute of Technology), Dr.
Brian Kennedy (National University of Singapore),
Dr. Shin-ichiro Imai (Washington University), and
Dr. David Sinclair (Harvard Medical School) fo-
cused on chromatin regulation and the epigenome
as central drivers of aging. Their findings point to a
consistent story: changes in gene silencing and epi-
genetic regulation might be driving aging rather
than simply reflecting it. This story was reinforced
by later work in mammals showing age-related
epigenetic alterations, shifts in chromatin struc-
ture, and DNA methylation patterns that reliably
tracked with loiological age. In other words, aging
might have less to do with damage to the genome
itself, and more to do with gradual errors in how

that DNA is read.

Our genomes are the closest thing loiology has to
digital hardware. DNA is a long string of base pairs
copied with remarkable accuracy from cell to cell
and across generations. Your DNA sequence is es-
sentially the same in a skin cell as in a neuron, in
childhood and in old age. Yet those cells behave
very differently, and they change in different ways
over time. The difference lies not in the letters of
the code, but in how that code is read.

By changing where chemical tags are added o DNA
and the proteins that spool DNA, the epigenome

decides which genes are switched on or off. Unlike
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the genome, it is largely dynamic. The epigenome is
constantly being nudged loy signals from inside and
outside the cell — stress, diet, inflammation, DNA
damage, and time. That flexibility is what lets cells
adapt, but it also makes the system fragile. Over
decades, epigenetic patterns can drift, tags end up
in the wrong places, and the instructions are even-
tually so badly eroded that the cell forgets how to

function.

From the perspective of the ITOA, genetic infor-
mation itself is comparatively durable. You can
even read the DNA of Neanderthals, a reminder
that Jurassic Park’s central idea (reading ancient
DNA) has a real scientific basis, even if resurrect-
ing dinosaurs does not. What fails with age is our
cells” ability to read and interpret that information
correctly. The theory proposes that aging is driven
loy the gradual loss and corruption of‘epigenetic in-
formation that tells cells how to use the genome,
rather than by DNA mutations or other purely
physical damage alone. Aging therefore is what
happens when these information-maintenance sys-
tems can no longer keep gene expression programs
on track, and cells become less coordinated, less re-
silient, and more vulnerable to disease.

From broken parts
to broken instructions

The modern story of the ITOA began not with hu-
mans, monkeys, or even mice, but with microscop-
ic yeast. Yeast are single-celled fungi — the same
kind used to make bread and beer — and they've
long been a workhorse of genetics because they
grow fast and are easy to genetically manipulate.

In the mid-1990s, researchers at Massachusetts In-
stitute of Technology, led by Dr. Leonard Guarente,
sought to figure out why yeast cells age and how to
slow this process down. The lab noticed a mutant



yeast strain that survived 10ng periods of starva-
tion and, even more surprising, lived about 30%
longer than normal cells. The mutant, called SIR4-
24, pointed the lab toward a group of genes named
“silent information regulators” (SIRs). These genes
were already known to keep certain strecches of
the yeast genome transcriptionally “quiet,” mean-
ing those regions of DNA were tightly packed and
their genes turned off. Now they seemed to be do-
ing something else: determining how long the cells
could live.

Zoom in on one of these silent information regu-
lators, Sirz. In young cells, Sirz keeps certain “sex”
genes quiet so that the cell stays clearly one sex or
the other, rather than a mix of both. It also sits with
Sirg and other partners on tightly packed DNA,
including a fragile stretch that tends to break and
form extra DNA loops. These ioops, called extrach-
romosomal ribosomal DNA circles (ERCs), build
up in old yeast cells and contribute to their death.*
Sirz is the Catalytic workhorse of this silencing
complex: by chemically modifying the proteins
that spool DNA, it keeps specific regions of the ge-
nome quiet and preserves the cell’s identity. Cells
with extra Sirz form fewer circles and live 10nger
in standard lab conditions while cells without Sirz2
accumulate ERCs sooner and die earlier.

Between 1994 and 1999, work from the Guarente
lab uncovered a pattern: when DNA damage oc-
curs, Sirz and its partners are pulled away from
their usual posts on silent chromatin and sent to
breaks in the genome to help with repair. DNA in
cells breaks all the time, even under normal con-
ditions. In young cells, Sir2 typically returns to
where it started once the damage is fixed, but the
system is not perfect. Each time Sirz moves away,
regions of DNA it was keeping tightly wrapped
can loosen, genes that should stay silent can turn
on, and over many cycles of damage and repair Sir2
does not always find its way back. The DNA letters
themselves remain mostly correct, what changes is
how the cell reads them. Old yeast cells, with mis-
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placed Sirz and an abundance of ERCs, ultimately
lose their former identity. Their function Changes,
they lose the ability to mate, and eventually die un-
der the burden of extra DNA circles that soak up
transcriptional machinery.

The Sirz story drew attention because it is part of
a conserved family ofgenes, the sirtuins, with close
counterparts in humans. That meant these yeast
experiments might be pointing to a deeper, more
universal rule about how cells age.

The conceptuai leap came when these pieces were
put together. DNA breaks actively pull sirtuins
off their normal jobs, eroding the epigenetic land-
scape a little each time. Over many repair cycies,
that relocalization changes gene expression, chips
away at cellular identity, and eventually drives ag-
ing. In this light, aging looks less like the simple
buildup of unrepaired lesions and more like epi-
genetic side effects of the cell’s own repair process-
es. The DNA sequence can remain 1arge1y intact,
yet the instructions iayered on top of it drift. That
shift, from broken parts to broken instructions, is
what eventually crystallized into the ITOA.
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From yeast to mammals:
when repair erodes identity

Mammalian genomes and biology are vastly more
complex than yeast, though similarities exist. As
in yeast, mammalian chromatin regulators such as
sirtuins are recruited to DNA breaks. They leave
their usual posts at promoters and silent regions
to help with repair and, in the process, change
gene expression.6

To test whether such shifts in epigenetic infor-
mation could cause aging, rather than simply
accompany it, researchers at Harvard Medical
School created the ICE model (“ICE” for “Induc-
ible Changes to the Epigenorne”).7 In these mice,
targeted, easy-to-repair DNA breaks were intro-
duced throughout the genome without increasing
the overall number of mutations beyond what
normal mice experience. The result was striking.
Animals developed accelerated epigenetic age,
disrupted chromatin architecture, and function-
al signs of aging — physical frailty, organ decline
— much earlier than expected. Their underlying
DNA sequence remained intact, but their epigen-
etic patterns resembled those of much older an-
imals. In other words, the yeast story holds in a
mammal: repeated activation of the DNA repair
rnachinery gradually rewires the epigenetic land-
scape, and that loss of epigenetic information is
enough to drive an aging—like state.

Epigenetic “noise”
and Waddington’s landscape

One way to visualize all of this is through a picture
first drawn in the 1940s by the embryologist Dr.
Conrad Waddington, a picture we now refer to as
“Waddington’s landscape”. To represent a cell as it
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goes through epigenetic changes during emloryon—
ic development, he imagined a ball rolling down
a sloped, hilly terrain. The landscape has peaks
and valleys; each valley represents a different cell
identity (e.g., skin, muscle, neuron) and the hills
between them act as barriers. At the top of the
hill is the ball — representing an early ernloryonic
cell with no fixed identity. As the ball rolls down-
hill during development, it settles into one Valley,
maturing into a particular kind of cell and staying
there.

In youth, the hills are tall and the valleys are deep.
The boundaries between them are sharp enough
that cells “know who they are.” A skin cell doesn’t
suddenly act like a neuron because there is a high
barrier between the skin Valley and the neuron
valley. This landscape is shaped by the epigenome,
with its patterns of DNA methylation, histone
modifications, and chromatin loops. These marks
carve the valleys and build the hills, guiding cells
into stable identities during embryonic develop-
ment and keeping them there carly in life.

With age, combined with toxins and radiation that
causes DNA to break, the landscape changes. Ear-
ly in adulthood, the hills start to erode, the valleys
become shallower, and the borders between them
soften. Epigenetic marks drift and accumulate
noise, making the overall shape of the landscape
less distinct. In midlife, there appears to be a more
rapid shift in age and cells metaphorically begin to
slide sideways into neighboring valleys. The result
is a partial loss of cell identity: liver cells express
genes they shouldn’t, immune cells respond in the
wrong way, and neurons don’t quite behave like
neurons. The aches, the memory loss, and the dis-
cases begin. It’s slow at first, but late in life, it’s a
catastrophic decline.

Waddington’s landscape also helps frame how
aging and age reversal might work. Shortly after
fertilization, there is evidence that the epigenetic
clock of embryos actually decreases until it reach-
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es a “ground zero” of biological age.8 This finding
suggests that a rejuvenation event occurs naturally
during the lifespan, thus providing a framework
to consider age reversal. A similar process seems
to help lizards, salamanders, and fish regrow tails
and limbs, suggesting perhaps this technology will
go beyond aging and into organ and tissue regen-
eration.

Even if we don’t know exactly how epigenetic res-
toration works yet, we know that biology can re-
build a youthful epigenetic landscape. The ITOA
predicts that similar principles could be under-
StOOd and harnessed 1ater in 1ife' IMAGE SOURCE: DR. DAVID A. SINCLAIR, AO, PHD
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Shannon, backups,
and the “youthful code”

It aging really is an information problem, it helps
to ask how information survives in noisy systems at
all. Mathematician Dr. Claude Shannon, a pioneer
in Information Theory that led to the digital world
we live in, tackled a version of this in the 1940s:
how do you send a message through a channel that
introduces random errors and still have it arrive in-
tact? This was important for sending radio signals
efficiently and for them to be understood by the re-
ceiver. His answer was that you don’t eliminate er-
rors, you correct them with a back-up. By building
redundancy into the message and comparing what
comes in against a clean reference, the receiver can
spot where bits have been altered and reconstruct
the original signal. Shannon formalized the idea
that you can use a reference, sometimes framed as
an “observer”, to detect and correct errors.

The ITOA borrows this logic. If features of old cells
can be restored to a youthful state, despite decades
of noise and damage, then perhaps somewhere
there may be a reference that defines “youth”. Im-
plicit in the ITOA is a suggestion that cells retain
a latent backup of their youthful epigenetic state,
a distributed record of which genes should be on
or off, and how the epigenome should be arranged.
That backup is not a single molecule but a web of
molecular and structural cues specifying a) youth—
ful conﬁguration of gene expression and chroma-
tin architecture. Resetting it is complicated, in-
Volving thousands of genes and three-dimensional
rearrangements of DNA, and we do not yet know
where the reference copy resides, if it exists at all.
Still, che fact chat embryos reset their age and epi-
genetic restoration can push adult cells toward
youth suggests that biology already knows how to
recover that information. The challenge is to work
out how embryos, lizards, and salamanders carry
out this reset, and to harness those same pathways
in a controlled way.

&2

Reprogramming, with the
volume turned down

If cells really do carry a backup of their youthful
state, the obvious next question is whether we can
access it in a safe way. The first clues that cells can
be reprogrammed came from Dr. Shinya Yamana-
ka, who showed in 2006 that turning on four genes,
Octy, Soxz, Klf4, and c-Myc (OSKM), now called the
Yamanaka factors, could “reprogram” mature cells
back to a pluripotent, stem cell called an iPSC.2

That 2006 discovery ultimately won Yamanaka
the Nobel Prize, but it also came with a problem:
fully reprogrammed cells completely forget their
identities. In animals, turning on OSKM can drive
lethal tumors.” In early mouse experiments, an-
imals died within days of continuous OSKM ex-
pression. It wasn’t clear whether this was age re-
versal or simply a slow-motion catastrophe. And if
reprogramming meant erasing cell identity, caus-
ing cancer or leading to death, how could it ever
be used on patients?

For years, most scientists assumed that all four Ya-
manaka factors were required for reprogramming.
Around 2009, several groups began exploring
whether a subset of factors might induce a gentler
form of reprogramming — enough to rejuvenate
cells without erasing their identity, more of a res-
toration of the epigenetic landscape. After multi-
ple combinations of embryonic genes and culture
conditions failed to strike that balance, a surpris-
ing result emerged: dropping c-Myc and using just
Oct4, Soxz, and Klf4 (OSK) could decrease epigene-
tic age without making them stem cells or causing
tumors."" In mice, brief OSK expression restored
vision after optic nerve damage and reversed signs
of aging in tissues such as muscle and kidney, in-
cluding in ICE mice whose epigenome had been
artiﬁcially aged by repeated DNA breaks.” In the

last 10 years, OSK has since been applied in sever-



al contexts, showing benefit in reversing features
of aging, injury and disease across experimental
models.

When epigenetic restoration
leaves the lab

The harder challenge is translating a concept like
this from the lab bench to the clinic, something only
a tiny fraction of biological ideas ever achieve. To
move beyond mice, researchers ac Harvard Medical
School, Massachusetts Eye and Ear Institute, and
Life Biosciences used gene therapy to deliver OSK
to retinal ganglion cells in non-human primates
with optic-nerve injury and glaucoma—like damage.
Treated animals showed measurable improvements
in visual function, and their optic nerves exhibit-
ed DNA-methylation patterns that shifted toward
those of younger monkeys. Importantly, in these
Carly studies, the cells retained their identity as ret-
inal neurons and no obvious safety signals Cmerged
over the observation period, although longer and
largcr studies will be needed to rule out late effects
and rare events.
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Those results set the stage for ER-100, which has
now received FDA approval for Phase I trials in
people with glaucoma and non-arteritic anterior
ischemic optic neuropathy (NAION), a condition
caused by an acute reduction in blood flow to the
optic nerve. These initial trials will test safety and
dosing, and it remains to be seen how much func-
tional recovery they will deliver. Even so, they rep-
resent something new: the first clinical trial of epi-
genetic restoration as a way to intervene in human
aging and discase.

From theory to expectations

One reason the ITOA has traction in the field is
that it offers a unifying way to think about a set
of otherwise disconnected observations, without
claiming to be the final word on aging.

For example, human aging follows a broadly similar
script — graying hair, arterial stiffening, wrinkled
skin, slower wound healing — despite wide genet-
ic variation between individuals. In a purely dam-
age-based view, this is puzzling: if damage accumu-
lates randomly, why do so many people converge

INDUCIBLE CHANGES TO THE EPIGENOME (ICE) MOUSE (RIGHT), AND MOUSE OF THE SAME AGE (LEFT)
IMAGE SOURCE: IMAGE ADAPTED FROM YANG ET AL., CELL 2023
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on the same symptoms late in life? With an ITOA
framework, it’s because what we share is not iden-
tical DNA sequences, but highly conserved epigen-
etic and repair systems. The same broad families of
chromatin regulators, DNA-methylation enzymes,
and damage-response pathways operate in all of us.
If those shared systems lose information in stereo-
typed ways, they will tend to fail along similar cra-
jectories, giving rise to familiar downstream prob—
lems: chronic inflammation, cellular senescence,
mitochondrial dysfunction, stem cell exhaustion,
and other “aging hallmarks” that show up across
individuals and even across species.

The ITOA also connects naturally to the rise of
epigenetic clocks, which are able to track chrono-
logical age reasonably well and can forecast risk of
disease, disability and death across studies. If aging
is the progressive loss of structured epigenetic in-
formation, then epigenetic patterns, such as DNA
methylation, should provide a sensitive measure
of how far an individual or organ has drifted from
its youthful state. Newer “next-generation” clocks
push this further by adding clinical data and other
molecular readouts on top of methylation, and they
seem to do a better job predicting healthspan and
disease risk."” That is what an information-based
view would predict: the more aspects of the Sys-
tem you measure, the more precisely you can place
someone along their aging trajectory.

Perhaps most importantly, the ITOA provides a
natural language for thinking about rejuvenation
itself. Nuclear transfer experiments, when scien-
tists place the nucleus of an old cell into an egg, can
support development of a healthy young animal,
showing that a “chronologically old” genome can,
in the right context, give rise to young tissues. Epi-
genetic restoration with OSK, at least in current
rodent and primate studies, can restore function
in aged or injured tissues without obliterating cell
identity. Together, these findings imply that the
genome is not irreversibly aged in the way a rusted
car frame is. Rather, the instructions for using that
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genome have been modified, and some aspects of
those modifications are reversible.

Even so, the ITOA is not a finished “general theory.”
The aging field still lacks a framework that can, on
its own, explain the wide variety of aging patterns
seen across species, the effects of diverse longevity
mutations, and Why some interventions compress
morbidity while others simply stretch late-life de-
cline. Can epigenetic restoration address all of the
famous Hallmarks of Aging, or only a subset? How
many times is reset possible? The ITOA is one at-
tempt to knit those observations together, but it
will stand or fall on how well its predictions hold
up in experiments and, eventually, in people.

Therapies for an information-
based view of aging

The ITOA is woven into the logic behind ER-100's
design: if aging reflects Corrupted epigenetic in-
structions, then carefully nudging those instruc-
tions back toward youth might help damaged
tissue recover. The Phase I trials in glaucoma and
NAION are small, and focused mainly on safety
but, whether these first trials reverse blindness or
not, they mark a turning point in medicine. Rath-
er than simply slowing further damage, the goal is
to see whether epigenetic restoration can restore
function in tissue that is already old or injured.
Regardless of outcome, these studies will tell us
something important about how far the epigene-
tic landscape in human tissue can be pushed and
the risk that entails.

If ER-100 shows even modest benefit, the obvious
next question is where else this technology might
apply. Therapeutic epigenetic restoration could in
principle be adapted to the liver, muscle, or ner-
vous system, to target diseases that are currently
considered irreversible. In an ITOA framework,



the goal is not just to patch one pathway at a time,
but to restore cell identity and function loy reset-
ting the information that defines them. The hope
is that, once that information is reset, cells can
prevent and resolve disease on their own.

How we deliver that reset will inevitably diver-
sify. Viral vectors are the first wave, but several
groups are exploring alternative delivery routes,
incluclingr lipid nanoparticles and small-molecule
cockeails. At the same time, a growing number of
companies — Life Biosciences, Retro Biosciences,
Altos Labs, Rejuvenate Bio, NewLimit, and others
— are racing to turn these concepts into medicines,
backed by several billion dollars in investment and
a vast R&D ecosystem. The approaches differ, but
they share a common bet: if aging is fundamen-
tally an information problern, then therapies that
restore the right information could, in principle,
treat many age—related diseases at once, rather
than tackling them one pathway and one organ at
a time.

Standing at the threshold

We return to the exam room, where the patient
is still speaking with his doctor. The chart on the
wall next to him remains blurred at the edges.
Whatever happens next, something remarkable has
already occurred: a person with glaucoma is being
offered a clinical therapy which attempts to target
cellular age.

Reaching this moment has taken far more than one
person, one lab, or one theory. It grew from the
slow realization that aging might be, at its core, a
problem of lost biological information. Transform-
ing that idea into testable models, experimental
tools and ultimately into a clinical-grade therapy
has required decades of work, thousands of experi-
ments, and the sustained effort of many scientists,
funders, and institutions.
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Whether ER-100 ultirnately benefits this patient is
what the early trials aim to determine. What is al-
ready evident is that the field has crossed a thresh-
old. We are no longer only documenting the ero-
sion of cellular information. We are beginning to
explore whether it can be restored. For the patient
in the exam room, and for everyone who will grow
old, that shift marks the start of a new phase in
aging research, where the information in our cells
is not only sornething to map, but something we
may one day recover.
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Agmg for women is far more
than wrinkles, step counts or
the infamous ‘blologlcal clock”.
[t is tightly linked to the life
history of the ovaries, from their
maturation in puberty to their
silence after menopause.”




fyou are a woman in 2026, you live in a low
hum of health advice. Have children, the birthrate
is falling. But also, it is fine not to have them, be-
cause your worth isn’t measured in babies. But as
a backup plan, consider freezing your eggs. Track
your cycle. “Balance” your hormones. Take hor-
mone therapy. Avoid hormone therapy. Walk more.
Lift Weights. Sleep better. Get off your phone. On
and on and on. If you opened your inbox or Insta-
gram between meetings today, you probably saw a
version of at least three of those.

Some of this is helpful, some of it is opportunis-
tic marketing, forever inventing new things for
women to fix and buy. A fair amount is built on
research that, for much of the last century, includ-
ed few women and rarely asked how female biolo-
gy might differ from male biology. Aging science
has often treated a male body as the default. Only
in the last decade have researchers begun to map
how men and women age differently in a system-
atic way." 2 As that work has unfolded, one organ
keeps coming up as unusually important for wom-
en’s aging: the ovary.

Any reader worth her salt is rolling her eyes right
now. Obviously the ovary is important to women’s
aging, it is one of the few organs that clearly differ
between male and female bodies. But science has
mostly treated ovaries as baby—making equipment,
relevant when a woman wants a pregnancy and an
afterthought once her periods stop. From puber—
ty onward, though, the ovaries are doing far more
than releasing eggs. They send pulses of estrogen
and progesterone to the brain, heart, bones, and
immune system. And somewhere around 50, they

fall quiet.

Menopause is usually framed as the end of fertili-
ty, but that shutdown also marks a turn in risk for
dementia, heart disease, osteoporosis, and other
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conditions — a turn that is even sharper for women
who go through menopause unusually early.

Seen this way, aging for women is far more than
wrinkles, step counts or the infamous “biological
clock™ It is tightly linked to the life history of the
ovaries, from their maturation in puberty to their
silence after menopause. It you care about whether
women reach old age with their memory, mobility,
and independence intact, ovarian aging belongs at
the center of the conversation. And if ovarian tim-
ing matters that much, the real question is whether
changing when and how menopause occurs could
change the entire trajectory of women’s aging.

Living longer, feeling older

Public health data have been consistent for de-
cades: women outlive men almost everywhere in
the world. In some countries the gap in average
lifespan approaches ten years.4 The catch is that
many of those extra years are spent with more
frailty, disability, osteoporosis, dementia, and oth-
er chronic conditions. Researchers call this the
male—female health survival paradox.s’6

A few broad biological quirks seem to feed into it.
Genetically, women carry two copies of the X chro-
mosome, with built in redundancy for thousands
of genes. Men’s single X is more exposed to harmful
mutations acquired over a lifetime, an idea some-
times called the “unguarded X” hypothesis.” Wom-
en’s immune systems tend to be stronger and age
more slowly, which helps them survive infections
but also raises the risk of autoimmune disease.®
And when scientists use DNA methylation and
other markers to build “biological aging clocks,”
men usually come out older than women of the
same chronological age. But the hormonal chang-
es of menopause are themselves associated with an

acceleration in women’s biological aging ""°
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All of this loops back to what the ovaries are do-
ing. For roughly four decades, they secrete estrogen
and progesterone in carefully timed pulses. Those
hormones do far more than prepare the uterus for
pregnancy. They talk to the brain, the cardiovas-
cular system, bone, fat, and immune cells. When
ovarian function declines and then stops, that hor-
monal conversation changes abruptly.

You can think of it this way: men tend to age along
a relatively smooth curve, while women age in
chapters. The same ovarian system that supports
pregnancy and early life survival seems to set wom-
en up for a different pattern of vulnerability later,
once that system winds down. This is the starting
point for rethinking menopause as far more than

the end of fertility.

How an ovary gets old

Most of the story we tell about ovarian aging re-
volves around one number: egg count. You are
born with one to two million oocytes and by pu-
berty only a few hundred thousand remain. Every
month, more are lost. When the egg reserve falls
below a certain threshold, cycles become erratic
and then stop.

That picture is not wrong, but it is incomplete. It
treats the ovary like a warchouse with dwindling
stock. In reality, it is a small but powerful organ
with distinct neighborhoods — different kinds of
tissues that age, and in some ways fall apart, long
before the last egg is gone.

Roughly speaking, the ovary has two main compo-
nents. The outer layer, the cortex, is where follicles
live. Each follicle is a tiny pocket that holds an im-
mature egg surrounded by helper cells and, as it
grows, can fill with fluid. Deeper inside is the me-
dulla, packed with blood vessels and connective tis-
sue. Over time, follicles grow and either release an
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egg or quietly break down. The ovary, as a whole, is
held together by a mesh of structural proteins and
stromal cells, threaded with nerves and capillaries.
Whether a follicle develops properly depends not
just on the chromosomes inside the egg, but also
on how stiff the surrounding tissue is, how much
blood reaches it, and what mix of hormones and
growth factors nearby cells are sending its way. In
this context, an egg is only as healthy as the tissue
around it.

With age, that environment shifts. In mouse and
human ovaries, the tissue around follicles shows
thicker, denser, more scar-like material, all clas-
sic signs of fibrosis."" Collagen builds up, the cor-
tex hardens. Follicles then sit in a physical envi-
ronment that makes it harder for them to expand
and for an egg to be released at ovulation. Fibrosis
can also warp hormone gradients and pinch the
tiny vessels that feed follicles. Studies comparing
young and old ovaries find that sympathetic nerves
around follicles become more abundant with age,
and that stromal cells such as fibroblasts shift to-
ward inflammation and scarring — changes that
may mark declines in follicle health and overall
ovarian function.”

Taken together, these tissue-level changes look less
like harmless background and more like active driv-
ers of ovarian aging. The striking part is that some
of them appear at least partly reversible. In one
experiment, researchers delivered the anti-fibrot-
ic drug pirfenidone, already approved for pulmo-
nary fibrosis, to “reproductively old” mice. Within
weeks, ovarian collagen decreased and more than
half of previously anovulatory animals ovulated
again; their eggs could be fertilized and grown to
blastocysts in vitro."" Shorter treatment in slightly
younger mice also reduced fibrosis and increased
the number of eggs released, without changing the
ovaries in young controls.

At the moment, no one is prescribing pirfenidone
as a fertility drug for humans as its effects on ovar-



ian aging have only been shown in mice. But find-
ings like this support a central idea: the ovary is
an organ whose aging may one day be modulated,
not just endured. If that is true, the next question
is what happens to the rest of the body when the

ovarian clock speeds up — or when it slows down.

What happens when

the ovaries g0 quiet

Clinically, menopause is defined as twelve months
without a period. Biologically, it’s a major tran-
sition for several organ systems simultaneously.
There’s also a long list of familiar symptoms —
hot flashes, sleep disruption, mood changes, vag-
inal dryness, shifts in body composition — that
can make everyday life feel very different. The
menopause-related changes in the brain and car-
diovascular system, however, are most strongly
tied to long—term outcomes: dementia risk, heart
disease, and ultimately how long and how well

people live.

The brain is dense with estrogen receptors, es-
pecially in regions that regulate memory, mood,
sleep, and body temperature. From puberty on-
ward, these brain regions have been running in
the background on a relatively steady stream of
ovarian estrogen. When that signal drops, both
brain metabolism and structure shift. Longitu-
dinal imaging studies find that women moving
through menopause show reduced glucose me-
tabolism and gray matter volume in speciﬁc Te-
gions, along with more amyloid deposition, com-
pared with age-matched men and premenopausal

13-16

women. Some ofthese patterns rcsemblc car-

ly changes seen in Alzheimer’s disease.

Most women experiencing menopause report
hot flashes and night sweats. Frequent vaso-
motor symptoms like these have been linked to
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small vascular lesions in the brain and to blood-
based biomarkers associated with future dementia
risk.'” For many women, cognition stabilizes after
the transition. Still, women overall are more likely
than men to develop dementia in later life.

The cardiovascular system also pivots. Before
menopause, women on average develop heart dis-
case about ten years later than men, a gap often
attributed to estrogen’s protective effects on blood
vessels. After menopause, blood pressure and LDL
cholesterol tend to rise, arteries stiffen, and wom-
en’s risk of heart disease begins to catch up.'®

Timing matters here. The earlier the ovaries fall
silent, the steeper the consequences. Women who
go through surgical menopause, having both ova-
ries removed, show faster cognitive decline, more
Alzheimer’s type pathology, and higher dementia
risk than women with intact ovaries."” Premature
ovarian insufficiency and very early natural meno-
pause, before about 40, are linked to higher overall
and cardiovascular mortality and more osteoporo-
sis.””

Natural menopause at the typical age, around 51,
still marks an uptick in risk, but how big that
jump is depends heavily on midlife blood pres-
sure, weight, smoking, and glucose control. Put
together, these patterns have led some researchers
to a blunt question: if ovarian shutdown is such
a powerful pivot, do women whose ovaries keep
working longer actually live longer?

i

IMAGE SOURCE: ESIN DENIZ VIA ADOBE STOCK
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When the ovaries take
their time

Across multiple cohorts, the answer appears to
be yes — modestly but consistently. In the Wom-
en’s Health Initiative, a study of more than 16,000
women, those with a reproductive lifespan longer
than 40 years (from first period to menopause)
had about 13 percent higher odds of reaching age
90 than those with less than 33 reproductive years,
even after accounting for smoking, BMI, and other
factors.”’ A Swedish twin cohort found that wom-
en with 40 or more reproductive years had lower
all-cause mortality and about 0.8 extra years of life
than those with 34 or fewer.”

Cardiovascular outcomes point the same way. In a
Chinese cohort, each additional year of reproduc-
tive lifespan was associated with about a 2 percent
lower risk of cardiac death.” Other work links
later natural menopause and longer reproductive
span with longer telomeres in white blood cells
and “younger” brain-age metrics on MRL*+*

The flip side is just as telling. Analyses of the Na-
tional Health and Nutrition Examination Survey
(NHANES), a long-running U.S. health survey,
show that women with premature menopause and
very short reproductive lifespans have higher mor-
tality and shorter life expectancy.Z(’ Removing both
ovaries before natural menopause (surgical meno-
pause) amplifies that risk furcher, especially for de-
mentia and cardiovascular disease, unless women
receive hormone therapy tailored to their age and

health history.

These are correlations, not guarantees, and the ef-
fect sizes for any one woman are small. No one
carns a decade of extra life from a slightly later
last period. Taken together, though, the signal is
hard to ignore: women whose ovaries function for
longer tend to have longer and healchier lives.
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Under the hood, genetics does a lot of the steering.
Twin and family studies estimate that 40 to 50 per-
cent of the variation in age at natural menopause
is heritable; mothers, daughters, and sisters show
parallel patteirns.27’28 Even brothers of women with
later menopause have a survival advantage.29 Large
genome—wide association studies link later meno-
pause to variants in DNA repair pathways, FSH
signaling, and IGF1 and mTOR pathways — the
same circuits implicated in cancer, cardiovascular
disease, and lifespan more broadly.?*3" In animal
experiments, transplanting young ovaries into old-
er mice extends the older animals’ 1ifespan, even
when the grafted ovaries cannot produce eges,
which suggests that ovarian hormones themselves,
not just fertility, are protective.’*?

Seen in that light, the infamous “bioiogical clock”
looks less like a timer counting down to the last
viable egg and more like a gauge of how long
the ovaries keep sending protective signais to the
rest of the body. That reframing leads directly to
the question driving a new wave of research: if
later menopause and longer ovarian function are
linked to better outcomes, can we safely nudge
that timing?

“The infamous “biological
clock” looks less like a timer
counting down to the last
viable ege, and more like

a gauge of how long the
ovaries keep sending
protective signals to the rest

of the body.”
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Can we safely

delay menopause?

No one is promising pills that will keep 70-year-
olds ovulating. But several experimental ap-
proaches are circling the same rtarget: slowing
ovarian aging by preserving follicles and easing
the tissue-level changes that eventually tip the
ovary into menopause.

One line of work targets fibrosis. The pirfenidone
experiments in mice suggest that reducing ovar-
lan scarring can restore ovulation in reproduc—
tively old animals." Researchers are now testing
other anti-fibrotic strategies in animal models to
see whether easing stiffness and collagen buildup
can not only prompt ovulation but also shift hor-
mone profiles and delay the final shutdown.

Another strategy uses anti-Miillerian hormone
(AMH), produced by growing follicles, which
normally acts as a brake on the activation of the
primordial follicle pool. High AMH levels keep
more follicles in reserve; low levels allows more
follicles to move into active growth, where most
are eventually lost.** Pharmaceutical AMH ana-
logs are currently being tested in animals to see
whether pressing harder on that AMH brake can
reduce the number of eggs lost cach cycle and ex-
tend the ovarian reserve.

Then there are the drugs that have become dar-
lings of the aging research world. In middle-aged
mice, chronic low-dose metformin — a diabetes
medication that has attracted interest as a possi-
ble geroprotective — increased the number of pri-
mordial and primary follicles, improved estrous
Cycles and estradiol levels, reduced oxidative dam-
age, and upregulated the longevity-linked protein
SIRTT in the ovary, consistent with delayed ovar-
ian aging and a healthier microenvironment.”
mTOR inhibitors are on the list too. mTOR is
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one of the body’s main nutrient-sensing switches;
dialing it down in animals extends lifespan and
appears to preserve ovarian reserve for longer. A
clinical trial at Columbia University is now test-
ing rapamycin, an mTOR-inhibiting immunosup-
pressant that extends lifespan in mice, in women
aged 35 to 45 to see whether it changes measures
of ovarian reserve. Alongside these pathway-tar-
geting drugs, some fertility clinics offer a range of
so-called “ovarian rejuvenation” procedures. These
include injecting platelet-rich plasma directly into
the ovaries, delivering stem-cell-based products,
and even transferring mitochondria into oocytes.'s(’
Some small studies report changes in surrogate
markers such as AMH levels, follicle count, or oo-
cyte yield after these procedures, but so far they
have not consistently translated into higher rates
of healthy embryos, ongoing pregnancy, or live

birth.

All of this work is early and still mostly proof of
concept, and we must be careful about how we
read it. Most studies are in rodents and human tri-
als are just beginning. At a deeper level, the field
is starting to sort out what it would mean to tru-
ly slow ovarian aging, rather than simply squeeze
a few more eggs out of an already stressed organ.
Much of the most interesting work now zeroes in
on the ovarian microenvironment — fibrosis, blood
flow, inflammatory signaling, and nutrient-sensing
pathways like mTOR - asking whether easing scar-
ring or dialing down overactive growth signals can
preserve existing follicles and maintain hormone
production for longer. That is a very different goal
from transiently “activating” dormant follicles to
boost egg retrieval in the short term, which may
actually accelerate the depletion of the ovarian re-
serve.

No one knows what the long-term trade-offs will
be, and there are real biological reasons to be cau-
tious. Later natural menopause is associated with a
slightly higher risk of breast and endometrial can-
cer, likely due to more years of estrogen exposure,



A framework for aging,

with ovaries in mind.
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By now it should be clear there is no master supple-
ment stack or perfect hormone regimen. What the
data do offer is a way to read your own history and the
flood of advice through an ovarian lens. Here are five
filters to help organize it.

Treat reproductive timing as
a health signal, not just a fer-
tility alarm.

Age at first period, eyele regularity, age at meno-
pause, and total reproductive 1ifespan carry in-
formation about later risk for cardiovascular dis-
case, osteoporosis, and dementia, especially when
menopause arrives unusually early. They belong in
the same mental buckert as family history or blood
pressure — cues for monitoring and topics to raise
with your clinician.

Protect the midlife pivot.

For most women, the late 40s and early 50s are
when ovarian function winds down and curves for
heart disease, bone loss, and cognitive changes start
to steepen. That is why timing matters so much for
things like hormone therapy, blood-pressure and
lipid control, GLP-1 drugs, and mood treatment:
the same intervention has different implications
depending on its timing.

Be skeptical of one-size-fits-

all longevity hacks.

Intermittent fasting protocols, supplement stacks, and
mTOR- or NAD+—targeting regimens were often built
and tested in male animals. For women, especially
those who are premenopausal or recently menopaus-
al, that means approaching these interventions as hy-
potheses to test in your own body, not universal rules.

See weight and metabolism
in terms of future
muscle, bone, and brain.

Weight-loss and glucose-lowering drugs can dra-
matically improve cardiometabolic markers, espe-
cially for women entering menopause with obesi-
ty or diabetes. At the same time, midlife is when
women have accelerated loss of lean mass and bone
density, so approaches that decrease fat at the ex-
pense of muscle and skeleton needs to be under-
stood in terms of trade-offs.

Think in stages,

not lifelong rules.

The levers that matter most shift over time: build-
ing peak bone and muscle in youth, recognizing
Cyele patterns and inﬂammatory conditions in the
reproduetive years, foeusing on vascular healch,
sieep, mood, and time-sensitive hormone decisions
around menopause, then emphasizing strength,
balance, cognition, and social connection later on.
The ovaries eventuaily retire, but the architecture
they helped build is what you are living in, and dif-
ferent parts of that structure will need attention at
different times.
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even as it links to lower cardiac death and slightly
longer life overall’7 Extending ovarian function
pharmacologically could sharpen that tension. Be-
yond this, keeping the ovaries online ionger rnight
also mean more years of managing contraception,
with unclear implications for pregnancy risk at
older ages.

Most women alive today will never take pirfeni—
done for ovarian fibrosis or enroll in a rapamycin
trial. But the emerging science still mateers. It shifts
menopause from a mysterious cliff to a biological
process with moving parts — some of which might,
one day, be adjustable. And it sharpens the pic-
ture of what “aging well” means for women right
now, and how paying attention to ovarian cues can

pay off.

Centering ovaries in the
future of women’s health

For most of medical history, the ovaries were treat-
ed as switches for fertility: on, then off. The rest
of women’s aging was filed under “general medi-
cine” or (let’s be honest) “mystery”. The emerging
picture is less dimmer-switch, more master control
room. The ovaries are wired into the brain, heart,
immune system, and skeleton, sending signals that
shape how the whole system weathers time.

We are only just starting to see what it might mean
to adjust that wiring on purpose. Anti-fibrotic
drugs, AMH analogs, and rapamycin trials are ear-
ly, cautious attempts to investigate whether we can
delay or soften ovarian shutdown without trading
hot flashes for a different kind of disaster. So far,
the cutting edge looks exciting, but it is also small,
experimental, and a long way from anything wom-
en should be trying on their own outside carefully
run clinical trials.
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Meanwhile, the boring stuff remains fundamental-
ly powerful. Controlling blood pressure, building
and keeping muscle, not smoking, sleeping like it
mactters, taking statins or GLP-1s when they’re in-
dicated — these are still the most reliable levers for
extending healthy life, including for women whose
ovaries are coasting toward, or already well past,
menopause.

If ovaries are the major architects of health in fe-
male bodies, the task now is to fund, run, and take
seriousiy the science that treats those architects as
more than baby makers. That means clinical trials
which include women in real numbers, basic re-
search that does not assume the male body is the
default setting, and policy that treats menopause
as a systemic transition rather than a punch line.
Developing real therapeutic options will require
adequately-powered randomized trials with stan-
dardized protocols and hard endpoints (not just
AMH or follicle counts), long-term safety data on
cancer and metabolic risk, and regulatory frame-
works that ciearly distinguish experimental proce-
dures from established care.

We are still eariy in this story, but the shift is al-
ready profoundly hopeful. A generation ago, meno-
pause was something women were expected to en-
dure in silence. Today, we can point to pathways,
trials, and concrete levers that link ovarian tim-
ing to how long our brains, hearts, and bones stay
resilient. Paying attention to ovaries is not about
worshipping fertility. It is about finally centering
an organ that has been quietly steering women’s
health all along, and using that insight to design
better research, better treatments, and better odds
of staying sharp, strong, and independent into old
age. The more precisely we understand what ova-
ries are doing, the more leverage we have to turn

added years of life into years of health.
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“Paying attention to
ovaries is not about
Worshipping fertﬂity. [t 1s
about finally centering an
organ that has been quietly
steering women'’s healch

all along, and using that
insight to design better
research, better treatments,
and better odds of

staying sharp, strong, and
independent into old age.”
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The importance
of iongevity science

everal years ago, I got stuck in a monstrous
traffic jam while heading to the Phoenix airport on
Interstate 10. It was the kind of situation where cars
were completely stuck and barely inching forward.
The traffic jam itself lasted more than two hours and,
afterwards, huge numbers of people pulled into the
next rest stop on the highway.

I puiied into this rest area and remember seeing an
elderly couple holding on to each other and walking
very, very slowly to the restrooms. It was clear that this
everyday task of simply walking to the bathroom was
not a trivial feat for these two. The woman was wear-
ing large sunglasses and I could hear her reminding her
husband that she couldn’t see very well and was relying
on him to guide her.

For some reason, this scene stuck with me. Not only
did I feel an intense sense of empathy for this couple,
but it was also a poignant reminder of why longevity
science and medicine are so important.

Ultimately, we all want to maintain high levels of
functionality and independence and compress the gap
between frailty and death as much as possible.

A new study testing
a unique drug combination

With this in mind, a recent study published in the
scientific journai Aging shows what might one day
be possihle.I This work, which comes out of the
laboratory of Dr. Irina Conboy at the University
of California, Berkeley (the same lab that showed
replacing plasma extends mouse lifespan) found
that a combination of the love hormone oxytocin
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(Oxt) and Asi, an inhibitor of a protein called Alks
(also known as TGF- receptor type-1), extends the
remaining lifespan of older, frail mice by a shock-
ingiy 1arge amount. The remaining 1ifespan in older
male mice was extended by 73.73% and what makes
this study unique is that the mice didn’t receive this
cocktail of drugs until they were already very old.

\X/hy combine these two molecules? Because aging
shifts the body’s chemistry in opposite directions.
Oxytocin is a hormone made of just nine amino ac-
ids and produced mainly in the brain. For decades,
scientists have known it for its role in childbirth
and breastfeeding, where it helps trigger labor
and allows mothers to release milk. But over time,
researchers discovered that oxytocin does much
more than that. It also piays a role in trust, social
bonding, and emotional connection, which is why
it is often nicknamed the “love hormone”.”

The story of oxytocin’s discovery is also a fascinat-
ing chapter in the history of biology. In the early
1900s, scientists noticed that extracts from the pi-
tuitary gland could cause the uterus to contract.
For years they didn’t know exactiy what the ac-
tive substance was. It was not until the 19508 that
American biochemist Dr. Vincent du Vigneaud
finally determined oxytocin’s chemical structure
and figured out how to make it in the laboratory.
This achievement was a major milestone because
it marked the first time a hormone had been fully
synthesized, earning du Vigneaud the Nobel Prize
in Chernistry in 1955.

Today we know oxytocin has effects far beyond
childbirch. It helps strengthen human relation-
ships, influences social behavior, and even piays a
role in repairing damaged tissues such as muscle.
Levels of oxytocin reportediy decline as we get old-
er, which has led scientists to wonder whether re-
storing it later in life might heip maintain health
and resilience.
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“Ultimately, we all want to maincain
high levels of functionality and indepen-
dence and compress the gap between
frailey and death as much as possible.”

. IMAGE SOURCE: BELINDA FEWINGS VIA UNSPLASH -
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In animal studies, a lack of oxytocin matters. Mice
that cannot produce oxytocin develop muscle
wasting earlier in life, and restoring oxytocin helps
regenerate aging muscle.> There is also evidence
that oxytocin can dampen several loiological hall-
marks of aging in model organisms.4 In humans,
it already has FDA approval for use in obstetrics,
which means its biology is at least somewhat un-
derstood.

At the same time, as we get older, evidence sug-
gests that another pathway is moving in the op-
posite direction. TGF-P signaling, a key regulator
of inflammation and tissue remodeling, increases
with age. When overactive, it can drive chronic
inflammation and impair the body’s ability to re-
pair itself. > The idea behind the therapy is simple:
restore balance. Boost what declines with age and
suppress what rises too much. Oxytocin replaces a
signal the body is losing, while Asi blocks excessive
TGEF- activity.

In 2019, researchers tested this combination in
older mice.® The results were striking. Together,
oxytocin and Asi reduced neuroinflammation,
improved cognitive function, rejuvenated liver
and muscle tissue, and lowered markers associat-
ed with zombie-like senescent cells. The ﬁndings
suggested that correcting this age—related signaling
imbalance might restore multiple aspects of tissue
function at once.

“Levels of oxytocin

naturally decline as we

get older, which has led
scientists to wonder whether
restoring it later in life
rnight help maintain health
and resilience.”
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Remarkable
longevity results

In the more recent study,I mice that were old and
frail were treated with oxytocin and Asi starting
at 25 months of age, which is roughly equivalent
to 75—year—old humans. Mice were injected with
either a control injection or oxytocin and Asi on
Mondays, \X/ednesdays, and Fridays. The protocol
itself followed a Cy(:lical pattern where the drugs
were administered under the skin for two weeks
and then stopped for two weeks before the next
round of treatment.

What stood out in this paper wasn’t just that lifes-
pan was extended, but loy how much. The combi-
nation of oxytocin and Asi increased additional
life expectancy by 73.73% in male mice. What this
means is that, starting from the time these mice
received these drugs, they lived 73.73% longer than
mice that weren’t given oxytocin and Asi. If you
zoom out and look at their entire lifespan — from
birth until death — this translates to a 14% average
difference between mice given the drugs and con-
trol mice. Dr. Conboy, the Corresponding author
for this study, ernphasized that “this effect was ob-
served in already frail, old mice analogous to 75- to
80—year—old people.”

To give you a sense of how substantial this report
is, | previously pulolislied a short paper that sum-
marized all of the successful lifespan scudies con-
ducted loy the Interventions Testing Program from
the National Institute on Aging.” One comparable
study involves rapamycin — the gold standard com-
pound for extending lifespan in mice by inhibiting
the longevity pathway mTOR — which was given
to mice starting at 20 months of age. Rapamycin
extended average lifespan by 1% in males and 15%
in females.® This new study is up there with rapa-
mycin for males, the current world champion mol-
ecule for extending mouse lifespan.



Visuaﬂy, the mice treated with oxytocin and Asi
looked healthier and less frail. The male mice also
performed better on a treadmill and had superior
cognition, which means their brain function was
improved. While female mice did not experience
these healthspan benefits, a separate assessment
did find that oxytocin and Asi treatment increased
the number of’ pups in middle—aged female mice.

Another interesting result involved changes in the
proteome, which is the full set of proteins circu-
1ating in the body. Proteins carry out most of the
work inside our cells, like getting rid of junk and
moving nutrients and other components to where
they need to go. They’re basically molecular robots
that get things done, and their levels change in pre-
dictable ways as we age. Because of this, scientists
are able to estimate a person’s age by measuring
patterns of proteins in the blood.

In chis study, the researchers examined how OXyto-
cin and Asi affected blood proteins in older mice.
After just seven days of treatment, the overall pat-
tern ofproteins began to resemble the profile nor-
mally seen in younger animals.

The team also looked at something called biologi-
cal noise. As organisms age, many proteins become
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more chaotic in their expression, meaning their
levels fluctuate more from moment to moment.
One example is Interleukin-6 (IL6), a classical in-
flammatory protein. A really high-quality, robust
study previously published by Dr. Tony Wyss-
Coray showed that IL6 tends to increase with age
in human blood.?

Treatment with oxytocin and Asi reduced this
age—related Variability in both male and female
mice. Further computer—based analysis suggested
that several biological signaling pathways were
shifted back toward more youthful patterns, in-
cluding pathways related to inflammation such as

TNF signaling.

If these ﬁndings are reproducible, they are impres-
sive. Of course, it is far too early to know if any
of these effects would translate to humans. If such
effects could translate, however, it would not just
mean 1iVing ionger. It would mean spending those
extra years with better strength, sharper cognition,
and greater day-to-day functioning — extending
the period of life when people can truly enjoy their
independence.

B
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Putting the results
INto context

The results are exciting, but it is important to
keep a few caveats in mind before drawing big
conclusions.

First, the study used a specific laboratory mouse
strain called C57BL/6, often referred to as “Black
6” or “B6”. These mice are highly inbred, meaning
they are geneticaiiy almost identical to one another.
That uniformity makes experiments easier to con-
trol, but it also creates a potentiai probiem when
trying to translate findings to humans. People are
genetically diverse, and a treatment that works
well in a single inbred strain could be benefiting
from quirks unique to that genetic background.

This strain also differs from humans in another no-
table way. In Black 6 mice, males typically live lon-
ger than females — the opposite of what we see in
people, where women generally outlive men.

Another limitation is the reiativeiy small num-
ber of animals used in the study. Each of the four
groups (the oxytocin and Asi or control groups for
both males and females) contained between 10 and
14 animals. With numbers that small, there is al-
ways the possibility that chance events can skew
the outcome. For example, if enough mice in the
male control group happened to die earlier than
expected, it could exaggerate the apparent benefit
of the treatment.

Finally, the lifespan extension was observed only in
males, not females. While that may seem concern-
ing at first glance, sex-specific effects are actually
quite common in aging research.'” Many interven-
tions that influence lifespan in mice show different
outcomes depending on whether the animals are
male or female.
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In other words, the findings are genuinely intrigu-
ing — but as with any early study, they will need
to be repeated and tested in additional models be-
fore we know how broadly they apply. Concerns
about reproducibility were one of the main reasons
the National Institute on Aging created the Inter-
ventions Testing Program. Over time, it became
clear that many lifespan studies in mice — often
performed in a single lab using small numbers of
genetically identical animals — could not always be
reproduced. The Interventions Testing Program
was designed to address that problem.

Instead of testing interventions in a single strain of
mice at one institution, the Interventions Testing
Program evaluates compounds using large num-
bers of genetically diverse mice housed at multiple
research centers across the United States. The idea
is straightforward: if a treatment truly affects ag-
ing, it should show benefits across different pop-
ulations of animals and in different laboratories.

One example is the simple amino acid glycine.
When tested through the Interventions Testing
Program, glycine significantly extended lifespan
in both male and female mice." Importantly, the
study included far larger cohorts than most tra-
ditional lifespan experiments: 280 female control
mice, 136 glycine-treated females, 300 male con-
trols, and 156 glycine-treated males. With numbers
like these, researchers can be much more confident
that a positive result reflects a real biological effect
rather than chance.

At the same time, the program has its critics. Some
proponents of the Interventions Testing Program
have, at times, taken a rather dogmatic view — im-
plying that if a compound fails to extend lifespan
in the program, it should be dismissed entirely.
That stance may be too rigid. A therapy that does
not produce a lifespan signal in mice could still im-
prove human health, resilience, or quality of life.
There are actually examples of therapies that work
in humans, but not mice, so it’s important to re-



member that mouse data is not the be-all, end-all.
In other words, the Interventions Testing Program
is an important tool for testing robustness, but it
should not be treated as the sole gatekeeper for
promising interventions in aging biology.

Looking to the future

Even with these limitations, the findings are excit-
ing enough to justify much deeper investigation.
A logical next step would be to repeat the study
in larger cohorts of genetically diverse mice to see
whether the effect holds up under more rigorous
conditions. Researchers will also need to refine the
dosing of both compounds. The optimal balance
between oxytocin and Asi may be very different
from what was used in this initial experiment.

Another important question is how each molecule
contributes to the effect. Does oxytocin drive most
of the benefit while Asi simply removes an inflam-
matory brake? Or is the power of the intervention
truly in the combination — restoring a youthful sig-
nal while simultaneously blocking an age-related
one? Understanding that biology could reveal new
therapeutic targets and help researchers design
even more effective treatments.

There are also interesting mechanistic questions.
How exactly does the treatment work? By improv-
ing tissue regeneration? By lowering the burden
of senescent cells? Or could it be acting through
the brain, altering systemic signals that coordinate
aging across the body? Answering these questions
could teach us far more about how aging itself is
regulated and unlock more powerful therapies.

Oxytocin itself is not an obscure molecule. It has
long been used medically in obstetrics and versions
of oxytocin nasal sprays are even sold online. That
accessibility makes the science even more import-
ant to interpret carefully. Self-experimentation
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based on early animal studies is rarely wise, and
the safety, dosing, and long-term effects of medi-
cally unsupervised oxytocin use remain uncertain.

Ultimately, progress will depend on carefully
designed human studies. Placebo-controlled safe-
ty trials will be essential to determine whether
this combination is safe, well tolerated, and bio-
logically active in people.

For now, the study should be viewed for what it is:
an early but provocative signal. If the results prove
reproducible, they hint at something powerful —
that correcting age-related signaling imbalances
might restore multiple aspects of tissue function
at once. In the long arc of longevity science, dis-
coveries like this are often the first glimpse of en-
tirely new ways to intervene in aging. In email cor-
respondence, Dr. Conboy put it perfectly: “Future
work is clearly needed to unravel the biomedical
mechanisms and test clinical implications.”
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Dr. Steve Horvath is a biostatistician and
researcher best known for discovering
“epigenetic clocks,” mathematical models that
estimate a person’s biological age by reading
chemical tags known as DNA methylation.

emerged, what epigenetic clocks can (and can’t)
tell us about health, and how they might reshape
hile your birthday counts how many the future of aging research.

years you've been alive, Horvath'’s original clock, as
well as the many biological age clocks inspired by
it, reflect how fast your body N really aging. These
clocks have opened a new window into the biol-
ogy of getting older, revealing that people with
different diseases, 1ifesty1es, or treatments can look
biologieaiiy older or younger than their calendar
age. Here, Dr. Horvath reflects on how this idea

65



LIFESPAN MAGAZINE

1. Before you buile your first epigenetic clock, did
you actually expect there to be a “clock” hiding in
DNA methylation, or did the data surprise you?

It was a complete surprise. I had been working
hard on building age predictors based on gene ex-
pression data. When I turned to DNA methyla-
tion, I did not expect to find anything as striking as
what emerged. The accuracy was extraordinary: the
predictions matched people’s ages with a Pearson
correlation above 0.9, which in this context means
an extremely tight relationship between predicted
and actual age across a broad spectrum of ages.

I spent months calling these things "age predic-
tors" or "biomarkers" before settling on the term
"epigenetic clock." I felt the exceptional accuracy
carned the label: these weren't rough estimates,
they were clocks. T still distinguish the term "bio-
marker of aging" from that of clocks (defined as
very accurate age predictors).

2. You were originally trained as a mathematician
and biostatistician. How has that background
shaped the way you think about biology and aging?

It was both a blessing and a curse. A blessing be-
cause it allowed me to see the signal through the
noise. When I first looked at DNA methylation
data in the context of aging, I immediately recog-
nized that this was my future. I dropped my gene
expression project without hesitation. And meth-
ylation never disappointed: it led to a series of
increasingly powerful clocks, culminating in the
pan-mammalian clocks that can measure age across
all mammalian species. But my training was also a
limitation. It took me many years to learn enough
molecular biology and clinical medicine to put the
clocks into proper biological and clinical context.
Studying math and biostatistics is not the most di-
rect path to becoming a geroscientist. Medicine or
molecular biology may be more efficient routes for
many students. Or focus on computational biolo-
gy. Honestly, I would tell students: don't follow my
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exact tracks. And don't spend too much time
in graduate school.

3. When researchers apply epigenetic clocks to
almost any disease group (heart disease, diabetes,
HIV, neurodegenerative diseases) they often see
signs of accelerated epigenetic aging. Does this
make you think that diseases are different faces
of the same aging process? Or do you see disease
and aging as separate processes that just happen to
overlap in the clocks?

The situation is more complicated than either
framing suggests. You have to be careful about
which epigenetic clock is being used and which tis-
sue is being analyzed. Clocks trained on bulk tissue
capture both changes in cell composition (which
cell types are present) and cell-intrinsic changes
(what is happening inside each cell). These are very
different biological signals. And clocks applied to
blood may give a completely different picture from
clocks applied to specific organs. For example, epi-
genetic age in the brain may bear little relation to
epigenetic age in blood.

Overall, I view disease as fundamentally differ-
ent from epigenetic aging. When an overlap is
observed, the important question is: where exact-
ly is the overlap? In which cell type? According
to which clock? Without that precision, the
apparent connection between disease and aging
can be misleading. Only a subset of DNA meth-
ylation changes are actually causally involved in
organ dysfunction.

4. You've helped develop clocks not just for hu-
mans but across many different species. What
have those pan-mammalian clocks taught you
about what is universal in aging, and what might
be uniquely human?

I think the most stunning insight is that one can
measure age across all mammalian species using
several hundred CpG sites located in strecches



“I have watched the field

go from skepticism about
epigenetic clocks to serious
drug development programs
in barely a decade. We are
not helpless in the face

of aging anymore.”

of DNA that are almost identical in every mammal
(what scientists call “ulcraconserved” regions).
That finding shows that specific aspects of epigen-
etic aging are deeply conserved.

But I want to avoid oversimplification. Millions
of positions on the DNA molecule show age-relat-
ed changes that are specific to a particular tissue
type and species. Methylation changes in enhancer
regions, for instance, are often tissue-specific and
species—speciﬁc.

So the picture is nuanced: a core conserved aging
program exists alongside enormous species-specif-
ic and tissue-specific variation.

5. There are now many different epigenetic clocks
out there, and sometimes they don’t agree with
the same person or intervention. When clocks dis-
agree, how do you interpret that? What do you pay
attention to first?

Millions of positions on the DNA molecule change
with age, and you can build clocks with very differ-
ent properties depending on which positions you
select and what you train them to predict. Some
clocks are designed to be conserved across tissues
and species, like the pan-mammalian clocks. Oth-
ers are tailor-made for a specific cell type, such as
human neurons. Clocks can be developed to cap-
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ture specific facets of aging biology. When two
clocks disagree, it usually means they are measur-
ing different things, which is actually informa-
tive. The current frontier is building blood-based
methylation clocks that reflect the age of specific
organs: a blood test that tells you the age of your
liver, your kidneys, or your lungs. Rigorous clin-
ical testing will determine which of these clocks
ends up being genuinely useful in the clinic. A lot
of work remains but I can see the promised land
very clearly.

6. If you could correct one common misconcep-
tion the public has about aging, what would it be?

That aging is something we just have to accept. For
most of human history, that was true. We had no
way to even measure aging precisely, let alone in-
tervene. But now we can measure it, and measuring
is always the first step toward changing something.
The aging biomarker community builds better and
better aging clocks. I have watched the field go
from skepticism about epigenetic clocks to serious
drug development programs in barely a decade. We
are not helpless in the face of aging anymore. Thar,
to me, is the most exciting thing happening in sci-
ence right now. It is more hopeful than accepting
the status quo and the inevitability of aging.
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IMPROVE

CANCER
URVIVAL

BY DAVID A. SINCLAIR, AO, PHD

IMAGE SOURCE: NATIONAL CANCER INSTITUTE VIA UNSPLASH
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Over the past 15,000 years, humans and
dogs have shared nearly five thousand
canine generations of coevolution.

i
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ver the past 15,000 years, humans and
dOgS have shared near]y HVG thousand canine gen-
erations OlCCOGVOithiOl’l. 'That’S enough to Change an
animai FTOTI’I a predator you fear to a ﬂuny animai
you can carry in your hand iuggage.

[t’s easy to imagine how this started. Wolves that
tolerated eariy human camps gained food and
protection, and gradua]]y evolved into dogs ex-
quisite]y tuned to us, capab]e of following our
gaze, reading our gestures, and even interpreting
our expressions.

A new medical study suggests that this ancient re-
lationship may still influence our biology.'

On February I7th, 2026, researchers at the Freie
Universitit and Charité - Universititsmedizin Ber-
lin published a study in Scientific Reports examining
the medical records of cancer patients and asking a
simpie question: do people who have contact with
dogs live ionger after a cancer diagnosis?

To answer it, the team anaiyzed electronic health
records from a global clinical network containing
more than six million cancer patients. That’s a con-
siderable number that allows for strong statistical
analysis. Researchers identified individuals with
documented dog exposure and Compared them
with patients without such contact. After Carefuiiy
matching the two groups for age and sex, the final
anaiysis included 27,631 patients in each group.

The results were striking.

Within five years of diagnosis, about 9.6% of those
without dogs had died Compared to 4.2% with dog
exposure. Statistically, that corresponds to rough—
iy a 56% lower risk of death. When the research-
ers modeled survival over time, the association
appeared even stronger, equivaient to about a 64%
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relative reduction in mortality risk.

Dogs are obviously not a cancer therapy, and the
authors are careful not to claim causation. But the
signal is large enough to make scientists wonder
what biological forces might be at work.

One plausible explanation is surprisingly simple.
Dogs get people moving. Physical activity is one
of the most consistent lifestyle factors associated
with improved cancer survival. Even moderate dai-
ly activity can reduce inflammation, improve insu-
lin sensitivity, and strengthen immune surveillance
against tumors.

Dogs may also influence something less obvious:
stress. A cancer diagnosis often brings anxiety, de-
pression, and social isolation, all of which are asso-
ciated with worse outcomes. Interaction with an-
imals has been shown to lower cortisol levels and
increase oxytocin signaling, reducing the chronic
stress responses that suppress immune function.
Companion animals also act as social bridges,
prompting interactions with neighbors and strang-
ers that help reduce isolation.

There may even be a microbial component. Hu-
mans and dogs share living spaces and microbes,

IMAGE DESIGN BY DR. DAVID A. SINCLAIR, AO, PHD VIA GEMINI



and close contact alters the bacterial communi-
ties living on our skin and in our intestines. Some
studies suggest that dog owners carry higher levels
of beneficial gut bacteria associated with immune
regulation and lower inflammation. Since the mi-
crobiome can influence cancer progression and re-
sponse to therapy, these microbial exchanges could

help fight cancer.

Still, caution is warranted here. The study relied
on medical records, and dog exposure was inferred
from diagnostic codes documenting dog contact.
Important factors such as cancer stage, treatment
differences, smoking status, and socioeconomic
conditions were not fully caprured. Healthier pa-
tients may simply be more capable of caring for a
dog. The study identifies a strong association, but
it cannot ever prove cause and effect.

Even so, the findings point to something that mod-
ern medicine often overlooks: Health is not shaped
only by drugs and surgeries. It is also influenced by
movement, companionship, and the ecosystems of
microbes that surround us and live within us.

For thousands of years humans and dogs have
shared campsites, hunts and farms — and more
recently our homes and beds. This study suggests
that our oldest partnership may still be doing what
it has always done: making human lives better

for longer.
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SLOW DOWN
AGING?

BY ADIV JOHNSON, PHD
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ou've probably heard the debate about
whether taking a daily multivitamin is a good idea.
I've had this conversation countless times, and I'll
admit I've changed my mind more than once. I
might have to ehange it again, given a recent ran-
domized trial testing whether a regular dally mul-
tivitamin affects the rate of epigenetic aging

On paper, the argument against them is straight-
forward: if you eat a balanced, minimally processed
diet, you should get everything you need. In an ide-
al world, that’s true. But we don’t live in that world.

There has been some recent research indicating
that more than five billion people worldwide do
not have adequate levels of certain micronutri-
ents.” In America, most people derive a huge por-
tion of their daily intake of calories from ultra-pro-
cessed foods. While ideally this would change to a
diet that is focused on whole, minimally processed
foods, this is not currently the case.

Part of the reason the question about the worth of
a daily vitamin keeps resurfacing is that our under-
standing of vitamins is still relatively recent. Just
OVer a century ago, we didn’t even know they exist-
ed. Diseases like scurvy and beriberi were common
and often fatal, with no clear cause, until Dr. Ca-
simir Funk proposed in 1912 that missing dietary
factors or “vitamines” were responsible. Even to-
day, it’s easy to underestimate how important these
molecules really are.

Vitamin Bi2 is needed in tiny amounts, yet defi-
ciency leads to neurological damage. Vitamin D
regulates hundreds of genes. Vitamin K plays a role
in calcium distribution. These are not marginal

effects. They are central to basic physiology.

Now to the study.I A randomized, double-blind,
placebo-controlled clinical trial ac Harvard Medi-
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cal School and Brigham and Women's Hospital in
958 older adults tested whether a daily multivita-
min could influence indicators of biological aging,
measured using clocks based on DNA methylation.
If you're interested in learning more about these
biomarkers, check out the interview with Dr. Steve
Horvath - the scientist that coined the term “epi-
genetic clock” — in this issue.

The intervention was Centrum Silver, a standard
over-the-counter multivitamin that provides a
broad mix of essential vitamins and minerals, at
standard nutritional levels intended to prevent

defieieney rather than enhance physiology.

After two years, participants taking the multi-
vitamin showed a small but statistieally signiﬁ—
cant slowing in two of the five epigenetic clocks
assessed, ineluding those previously shown to be
associated with rnortality risk in older populations.

The magnitude of the effect was modest: roughly
equivalent to a few months’ difference in epigene-
tic aging over the two-year period.

That finding is interesting, but it needs to be in-
terpreted carefully. Epigenetic clocks are surrogate
markers. They correlate with aging and mortali-
ty, but they are not direct measures of lifespan or
healthspan, and whether shifting them leads to

better outcomes remains uncertain.

The effect was also selective, appearing in some
clocks but not others, and the follow—up period
was relatively short for studying a process as com-

pleX as aging.

Another important detail is who benefited most.
Participants who were epigenetieally older at base-
line appeared to show greater Changes, suggesting
the effect may be stronger in those aging faster epi-
genetieally.



Step back, and what this study really tested was
something quite simple. Not a new drug. Not a tar-
geted intervention. But whether meeting a broad
set of basic nutritional requirements could influ-
ence measurable features of aging biology. In this
trial, it did — modestly, and under specific condi-
tions.

So what can we conclude? According to the study’s
corresponding author, Dr. Howard Sesso, “Our
finding from the COSMOS trial that older adults
who take a daily multivitamin for 2 years may im-
prove biological aging by about 4 months as mea-
sured by 2 specific epigenetic clocks, with stronger
effects among those with more accelerated biolog-
ical aging at baseline, highlights how randomized
clinical trials testing achievable interventions may
improve healthy aging. More research is needed to
understand how improvements in biological aging
translate to tangible health outcomes.”

While this study doesn’t prove that multivitamins
slow actual aging, and the effect was not large, the
result suggests that, in at least some individuals,
certain aging biomarkers are sensitive to relatively
simple changes in micronutrient status.

Despite its limitations, this study may point to
something deeper: aging may not just be driven
by damage, it may also accelerate when the system
is missing what it needs to maintain itself. And if
that’s true, then part of slowing aging might be sur-
prisingly simple — ensuring that nothing is missing.
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THE MASTER
CLOCK
OF CLOCKS

BY DAVID A. SINCLAIR, AO, PHD AND ADIV JOHNSON, PHD

IMAGE SOURCE: DONALD WU VIA UNSPLASH

81



LIFESPAN MAGAZINE

A tiny timekeeper
in the brain

here are two clocks in the body. One resets
every morning with the rising sun. The other does
not reset at all. It accumulates, recording the pas-
sage of years.

For the past 20 years, these two systems have been
studied separate]y. Increasingly, however, scientists
are finding that they are connected: as we age, the
daiiy clock is disrupted, making it harder to sleep
well. Evidence now suggests that the converse is
true: if you slow the daiiy clock, the aging clock

may SlOW OoO0.

Deep within the brain sits a structure no iarger
than a grain of rice that quietiy governs one of
the most fundamental features of life: time. This
structure, the suprachiasmatic nucleus (SCN), acts
as the body’s master circadian clock. A bundle of
approximately 20,000 neurons located in the hy—
pothalamus, an almond-sized structure deep in
the center of the brain, the SCN receives light in-
formation originating from the eyes and uses it to
synchronize rhythrns across the body. Nearly every
cell has its own internal clock, and, without the

SCN, they drift out of sync.

The importance of this tiny region became clear in
1972 through a pair of remarkable experiments."?
At the University of Chicago, neuroscientist Dr.
Robert Moore and his colleague Dr. Victor Eichler
set out to test whether a specific part of the brain
controlled daily rhythms. To do this, Dr. Moore
seleetively destroyed a small, little-understood
region of the hypothalamus. The animals did not
become inactive or sick. They simply lost their
sense of time. Hormone rhythms flattened, and
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the normal daily cycle disappeared. At nearly the
same time, Dr. Friedrich Stephan and Dr. Irving
Zucker lesioned this region in rats, showing that
circadian patterns of drinking and movement were

abolished.

What made these experiments powerful was their
simplicity. Two independent groups, using differ-
ent readouts, arrived at the same conclusion: de-
stroy this tiny cluster of neurons, and biological
time itself unravels. That cluster would soon be
named the suprachiasmatic nucleus: the brain’s
master clock.

Over the past two decades, a consistent picture has
emerged: the circadian system is not just a regu-
lator of sleep, but appears to be a determinant of
how fast organisms age. Sleep-like states have been
observed in many different organisms.? This in-
cludes animals as simple as fruit flies, worms, and
even jellyfish and hydra, which lack a centralized
brain altogether. These animals still enter periods
of reduced activity, respond more slowly to stim-
uli, and compensate with rebound sleep when de-

prived.

This pushes the origin of sleep back more than 6oo
million years, to some of the earliest multicellu-
lar life. Studies in hydra and jellyfish suggest that
sleep-like behavior emerged before the evolution
of a centralized nervous system, implying that the
need for sleep predates the brain itself. Sleep, in
this sense, is not something the brain invented; it
is something the brain inherited.

Given its strong evolutionary roots, it’s perhaps
unsurprising that the consequences of a lack of
sleep are not subtle. In a landmark experiment,
Dr. Allan Rechtschaffen and colleagues subjected
rats to sleep deprivation.* At the time, it actual-
ly wasn't clear if sleep was even totally necessary
for normal physiological function. The results were
striking and tragic: the experimental rats unable to

sleep exhibited major health problems, suffered



from severe pathology, and ultimately experienced

carly death.

A similar effect happens when the underlying
clock is disrupted directly. In mice, altering key
circadian genes accelerates aging.> And in humans,
chronic circadian misalignment, as seen in shift
work or irregular sleep, is strongly linked to a vari-
ety of chronic diseases.®

Circadian rhythms
and longevity

Circadian rhythms, it turns out, might matter as
much as what we eat. In mice, aligning feeding
with the natural circadian eyeie while maintaining
a dai]y fasting period extends 1ifespan by up to 35%,
beyond what 30% caloric restriction alone could
achieve.” Even in simpler organisms, including
fruit flies, manipulating the circadian clock alters
1ifespan,8 suggesting that the relationship between
timekeeping and aging is deeply conserved.

None of this is surprising when viewed through a
broader lens. Sleep, one of the most visible outputs
of the circadian system, remains one of the stron-
gest predictors of health and longevity. Both insuf-
ficient and excessive s]eep are well known to be as-
sociated with increased mortality risk, hinting that
the underlying issue is not just duration, but the

integrity of the biologieal clock itself.

It sleep reflects the health of the circadian system,
the next question is whether this system can be
improved.

In a recent issue of Cell, Dr. Eric Zhang and col-
leagues published an elegant study that set out
to do just that? They started with a human cell
line engineered to report circadian activity, then
screened thousands of compounds that amplified
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what scientists call circadian amplitude, a mea-
sure of how robust the clock’s oscillations are. They
identified one that worked well: 3'-deoxyadenosine
(3DA), or cordycepin, a bioactive compound found
in the orange parasitic fungus Cordyceps militaris.

The effects of 3DA extended beyond cell cul-
ture. In mice, the compound improved metabolic
health, reduced inflammation and DNA damage,
enhanced muscle function, and, most notably, ex-
tended lifespan by approximately 12%. The benefits
were time-dependent, and the authors ultimate-
ly settled on a dosing schedule of three times per
week: Monday, Wednesday, and Friday.

3DA also appeared to influence multiple hallmarks
of aging simultaneously and reduced epigenetic
age, a more contemporary aging biomarker based
on DNA methylation. Epigenetic aging clocks were
pioneered by Dr. Steve Horvath (check out the in-
terview with Dr. Horvath in this issue). Well-de-
signed clocks are not only strongly correlated with
chronological age but are significantly associated
with future age-related outcomes, including all-
cause mortality.

One fascinating aspect of the study is that 3DA
influences a specific region of the brain called the
paraventricular nucleus (PVN). Within the hypo-
thalamus, the SCN and the PVN are closely con-
nected neighbors. While the SCN is the master
clock that generates the 24-hour rhythm, the PVN
acts as the primary effector. It is effectively the
relay station that receives this timing signal and
coordinates the body's hormonal, metabolic, and
autonomic outputs.
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Study limitations
and additional questions

Important questions remain. For example, the
study was conducted in male mice, leaving open
whether the same effects extend to females. Trans-
lation to longer-lived species, including primates,
may also be essential before clinical applications
can be considered. Still, the significance of the
work lies less in the molecule itself than in what
it reveals. It suggests that the biological clock of
aging may be governed, at least in part, by the daily

circadian clock.

These changes are not independent effects but like-
ly arise from a shared mechanism. The circadian
system operates through epigenetic control of gene
expression, regulating when genes are turned on
and off across the genome. As these rhythms weak-
en with age, gene expression becomes less coordi-
nated, and cells lose access to the information that
once maintained their identity and function. Seen
in this light, aging appears partially due to a grad-

ual loss of timing that can be potentially restored.

If these findings hold, they suggest a shift in how
aging might be slowed. Rather than targeting indi-
vidual pathways, it may be possible to intervene at
the level where biological processes are coordinat-
ed. Medicines could act not only on cells, but on
the timing that governs them, restoring coherence
across systems rather than repairing them one by
one.

This returns us to the original distinction between
the clocks. The clock that governs the day and the
clock that governs a lifetime may not be separate
systems, but different expressions of the same un-
derlying biology. So, if aging truly reflects a break-
down of that timing system, then one of the most
effective ways to slow the aging clock may simply
be to enhance the daily one.
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OPINION

CAN
OVERUSING Al
IMPAIR YOUR
COGNITION?

BY ADIV JOHNSON, PHD

IMAGE SOURCE: SHAWN DAY VIA UNSPLASH
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he headlines for artificial intelligence (AI)
have been outrageously sensational since the ad-
vent of OpenAl’s ChatGPT in November of 2022.
Some headlines represent classical “doomer” per-
spectives and argue that societies are on the verge
of colossal job loss or are about to be taken over by
ruthless, sentient robots. Others are passionately
optimistic and predict that sci-fi-style discoveries
are just around the corner that will revolutionize
health, aging, space travel, and more.

There’s a good chance that you, the reader, have
been using Al more and more in different ways.
Maybe you've worked with a large language model
(LLM) to help design a travel itinerary or suggest
restaurant recommendations for a fun night out
with friends. As someone who loves to cook, I've
found AI quite useful for whipping up new reci-
pes or coming up with suggestions for how to spice
up a certain dish. Recently, generative Al gave me
helpful advice for how to make a whole grain-based
pizza crust at home. In case you're curious, increas-
ing the amount of water is key when working with
whole wheat flour.

While using Al to help you make a healthier pizza
seems pretty innocuous, an emerging body of data
suggests that overusing Al can degrade our abil-
ity to think. As we increasingly offload everyday
judgement and problem-solving to Al, we may be
quietly training our brains to do less heavy lifting.I
If that shift becomes widespread and long-lasting,
the loss to our collective cognitive capacity could
be substantial.
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Rapid rise and adoption
of LLMs

The use of Al has become progressively more ubig-
uitous. According to a Pew Research Center poll
from September 2025, 62% of adults within the
United States reported interfacing with Al several
times a week or more and 73% expressed comfort
with Al assisting them at least a lictle bit on a daily
basis. Despite this widespread usage, 53% of Amer-
icans believe that Al will worsen people’s ability
to creatively think and 50% say that AT will hinder
the ability of people to establish meaningful rela-
tionships.?

Broadly speaking, the use of Al has been associ-
ated with a loss in cognitive power. For example,
one 2025 paper published in the journal Societies
presents findings from interviews and surveys with
more than 600 individuals.> Not only was the fre-
quent use of Al tools significantly correlated with
a reduction in critical thinking ability, but young-
er adults were more dependent on Al tools and
displayed reduced critical thinking scores relative
to older subjects. A separate questionnaire-based
study involving 206 university students concluded
that Al represents a real, perceived threat to both
critical thinking and student retention.* Distinct
survey-based research published in Annals of Neu-
rosciences concluded that the long-term use of Al
in adults was significantly associated with infor-
mation overload, mental exhaustion, and attention
strain. People who engaged in long-term Al use
were also more likely to have less self-confidence
when it came to decision-making.

Research has also found that people have an in-
flated sense of how accurate LLM models are. The
longer the explanation provided by the chatbor,
the more confident users are in the validity of the
response. The difference between how much con-
fidence an LLM has in its own answer and human



confidence in that response is known as the cali-
bration gap. A separate divide — how well humans
and Al can differentiate between true and false an-
swers — is known as the discrimination gap.6

The negative effects
of cognitive outsourcing

Delegating an intellectually challenging task to an
LLM model is a type of cognitive outsourcing. Al-
though the evidence is early, there’s some interest-
ing research suggesting that cognitive outsourcing
may be risky business.

The first example is one that made headlines when
it first emerged out of MIT Media Lab.7 In this el-
egantly designed study, 54 participants were asked
to write an essay using nothing but their brain,
their brain and a search engine, or their brain and
an LLM. By tracking brain activity via electroen-
cephalography, the researchers found that brain
connectivity was weakest in the LLM group. Those
who utilized an AI chatbot also had difﬁculty
quoting the work they produced. The authors con-
cluded that LLM use led to behavioral, neural, and
linguistic underperforrnance.

Smartphones are an interesting analogy here. Last
year, a fascinating paper emerged in PNAS Nex-
us with the title “Blocking mobile internet on
smartphones improves sustained attention, men-
tal healch, and subjective Well—loeing.”8 Given per-
sonal accounts and correlational evidence that
srnartphones can impair mental health and cog-
nition, the authors conducted a randomized con-
trolled trial where smartphones were eﬁectively
converted into dumbphones. More specifically, an
application was used to prevent participants from
accessing the internet on their smartphones for
two weeks. The results were eye—catching. After a
two-week smartphone internet fast, 91% of subjects
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showed improvements in mental health, the abilicy
to sustain attention, and/or subjective well-being.
The improvement in sustained attention ability
was approximately equivalent to undoing 10 years
of age—rclated brain decline.

Potential futures

What does the future hold for human and Al in-
teraction? The possibilities range from delightful-
ly optimistic to depressingly dystopian. On the
brighter side of the spectrum, humans and Al tru-
ly complement each other. The famous inventor
Dr. Ray Kurzweil has even predicted that, in the
coming years, human intelligence will Fully merge
with AL? In such a scenario, human cognition is
dramatically expanded by artificial neurons. On
the darker side of the spectrum, a potential future
is imagined where human intellectual capacity is
thoroughly degraded loy a progressive overreliance
on AL' The result is a human species that is far less
capable than it is today.

These projections remind me of other, broader
conversations happening right now regarding how
we collectively relate to technology. Recently, [ read
two books that deliver sharp critiques of technol-
ogy: The Anxious Generation: How the Great Rewiring
of Childhood Is Causing an Epidemic of Mental Illness
by Dr. Jonathan Haidt and Against the Machine: On
the Unmaking of Humanity by Paul Kingsnorth. The
first book hy Dr. Haidt makes a chilling and com-
pelling case that early exposure to smartphones
and social media is corrupting childhood develop—
ment. Ofma]'or concern is the impact of this recent
technology on pediatric mental health and atten-
tion. The latter book by Kingsnorth makes a much
broader, more provocative claim, which is that
technological progress since early industrialization

has broadly harmed human flourishing.

89



LIFESPAN MAGAZINE

I'm starting to detect a zeitgeist shift in how we
collectively view technology. It’s clear that not all
technological progress is inherently positive and
some recent inventions — particularly social media
— are almost certainly a net negative. 'm sensing a
growing skepticism of technological progress and
emerging research very much gives voice to this in-
stinct. Many parents, including myself, are certain-
ly worried about what the impact of early Al use
will be on childhood development.

What to make of the data

While alarming, it's important to realize that this
is an area that has not been heaviiy researched.
Correlation does not equai causation and, realisti-
eaiiy, more rigorous human trials will be needed to
make strong statements. If we take a step back and
try to be objective, it’s probabiy too eariy to draw
any firm conclusions.

That all being said, this may be a very real concern.
Having generative Al interpret an essay for you is
not like reading ona digitai tablet instead ofprint—
ed paper. It’s also not like using graphical software
to make a Comp]ex graph or visual as opposed to
drawing it on a poster board. There is something
fundamentaliy different about having an LLM
summarize a paper for you so that you don’t have
to read it yourse]f

Reading and related tasks are foundational to hu-
man intellect and are some of the best ways to
train and grow our minds. There’s a reason that
our brains consume 20% of bodily energy despite
only being ~2% of our body Weight — the brain is a
metaboiicaily hungry organ that requires immense
resources to support its remarkable cognition.

Dr. Cal Newport, a professor of Computer Sci-
ence at Georgetown University who studies tech-
nology, digitai ethics, and produetivity, previously
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compared having an Al model handle cognitively
challenging tasks to going to the gym with a fork-
life."" Rather than lift the weights yourself using
your own muscles, you forfeit all of the expected
musculoskeletal, metabolic, and longevity benefits

by instead having the forklift lift it for you.

Using Al without losing
your edge

There’s no doubt that Al models can be extraordi-
narily useful. The other day, I noticed that some-
thing was broken in my backyard. I hadn’c the
slightest idea what the piece was called at the time
and, after taking a picture of it and sharing it with
Google Gemini, I immediately learned it was a flex-
ible downspout extension connector. From here, I
was able to go online, order a new one, and replace
the part once it arrived.

I think this is a good example of how to enjoy the
benefits of Al without risking cognitive harm. The
only part of this process that involves actual work
is replacing the part. There’s little to no cognitive
work in asking people if they recognize this part
and know what it’s called. Here, Al is serving as a
highly convenient accelerator and time saver.

This type of approach can be easily extended to
many other kinds of work. Instead of having Al
summarize a paper, essay, or book, Al can be a
powerful tool for making sense of challenging
terms or concepts. Rather than have Al read the
text for you, you can read it yourself and use Al as
a guide to answer questions about definitions or
terms you don’t understand.



Moving forward with caution

Regardless of the speciﬂe approach employed, gen-
erative Al should be used thoughtfully. Until more
is known about the risks, the most pruclent path
forward is to be careful about oflloading cognitive-
ly Challenging tasks to a chatbot. While Al can be a
helpful collaborator that increases throughput and
efhciency, it should ideally augment, not replace,
your own cognitive effort and critical thinking.
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California-based biotechnology com-
pany backed by Khosla Ventures has reported pre-
liminary Phase 1 results for its experimental drug
RLS-1496, a topical treatment designed to elim-
inate senescent cells in patients with psoriasis,
atopic dermatitis and age-damaged skin." The un-
derlying idea, that removing a class of dysfunction-
al cells might alter the trajectory of disease, is be-
ginning to be tested, not in theory, but in patients.

The study, conducted in the Netherlands for Rube-
do Life Sciences, was small and primarily intended
to assess safety. But it was notable for a different
reason. The drug is among the first to enter human
testing with the explicit aim of targeting senescent
cells, a class of dysfunctional cells increasingly im-
plicated in aging and chronic disease.

Rubedo was founded by Marco Quarta, Ph.D., who
received his doctorate degree from the University
of Bologna and a Ph.D. in Neuroscience from the
University of Padua and a post-doc in Aging and
Stem cell Biology in the lab of Prof. Thomas Ran-
do at Stanford University. He is also President and
co-founder of the scientific organization Phaedon
Institute, focused on Longevity Medicine.

“We are excited to reach this important milestone,”
the company’s chief executive, Dr. Frederick Bed-
dingfield, said in a statement, adding that the trial
would help determine whether the drug has “dis-
case-altering effects” in inflammatory skin condi-
tions and skin aging.

Senescent cells accumulate with age after damage
or stress. They do not divide, but they remain met-
abolically active and secrete inflammatory factors
that can disrupt surrounding tissue. Their presence
has been linked to a range of conditions, from ar-
thritis to fibrosis and metabolic disease.
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For more than a decade, researchers have sought
ways to selectively remove these cells. In animal
models, clearing them can improve tissue function
and, in some cases, extend lifespan. Translating
that concept into humans has proved more diffi-
cule, in part because of concerns about safety and
the challenge of targeting only harmful subsets of
senescent cells.

Rubedo’s approach focuses on a protein called
GPX4, which regulates a form of cell death known
as Ferroptosis. The company says its drug selective-
ly targets “pathological senescent cells that drive
inﬂammaging,” a term used to describe chronic,
low—grade inflammation associated with aging.

Rubedo's “Alembic Platform” is an Al-driven en-
gine that uses single—cell multi-omics to identify
specific "Achilles’ heels" in different types of se-
nescent cells across various tissues. Dr. Quarta, the
company’s chief scientific officer, described the ef-
fort as the culmination of years of work across the

field.

“For the last decade, longevity scientists have been
working to develop a compound ready for human
trials that safely and effectively targets pathologic
senescent cells,” Dr. Quarta said.

The choice to begin in skin reflects practical con-
siderations. Topical therapy limits systemic expo-
sure and allows researchers to measure localized
biological effects more directly. In this study, in-
vestigators assessed not only disease lesions but
also adjacent areas of skin to track changes associ-
ated with aging.

Still, the broader significance lies less in dermatol-

ogy than in proofofprinciple.

What is not stated in the press release, but is well
understood within the field, is that the skin is one



of the few human tissues where senescent cells can
be directly sampled, mapped and followed over
time with minimal risk. That makes it an unusually
powerful testing ground.

In recent years, advances in single—cell sequencing
and spatial transcriptomics have made it possible
to distinguish harmful senescent subpopulations
from those that may play beneficial roles in wound
healing OT [UMOT suppression. The ability to tar-
get only the former, rather than eliminating senes-
cence wholesale, has been a central challenge.

Several groups, including those working with early
senolytics such as dasatinib and quercetin, showed
that clearing senescent cells in animals could im-
prove function across multiple organs. But those
approaches have struggled with specificity and
tolerability in humans. More recent efforts have
shifted toward what some researchers describe as
“precision senolytics,” aimed at specific cell types,
tissues or signaling pathways.

Rubedo’s GPXy4 strategy is part of that shift: by
sensitizing certain senescent cells to ferroptosis,
the company is attempting to exploit a vulnerabil-
ity that may be more pronounced in diseased or
aged tissue than in healthy cells. Whether that se-
lectivity holds in larger human studies remains an
open question.

There is also a broader context that is not often
discussed outside research circles. Senescent cells
are not confined to the skin. They accumulate in
adipose tissue, where they influence insulin sen-
sitivity; in the vasculature, where they contribute
to stiffness and atherosclerosis; and in the brain,
where they have been linked to neuroinflamma-
tion. What happens in the skin, biologically, 1S not
isolated. It reflects processes occurring throughout

the body.

[f senescent cells can be sately reduced in human
tissue, even in a localized setting, at least one com-
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ponent of aging biology may be modifiable in pa-
tients. The question is whether that effect can be
extended beyond the skin. Rubedo has indicated
that it is developing systemic versions of the drug
and exploring applications in metabolic and fi-
brotic diseases.

For now, the results remain preliminary, and the
trial is not designed to establish eﬂicacy. But the
study marks a step that the field has been working
toward for years: moving from animal models to
human testing of‘therapies that target the underly—
ing biology of aging.

From my perspective, having watched this field de-
velop over decades, the importance of this moment
is not that a skin condition might improve; it’s that
a long—standing hypothesis is being tested where
it matters most. Ifremoving senescent cells proves
to be safe and even modestly effective in humans,
it would validate the central idea that aging is not
simply a passive process, but one that can be inter-
vened upon by targeting speciﬁc cellular states.
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or decades, the thymus, a small organ tucked
behind the breastbone, has been all but forgotten.
Long thought to matter only in childhood and fade
into irrelevance in adulthood, that assumption is
now being challenged. We may be only as young
as this part of the immune system we have ignored
for too long.

Beginning in adolescence, the thymus does not sim-
ply shrink, it is steadily replaced by fat in a process
called “involution”. By midlife, its production of
new T cells has dropped sharply. In later decades,
the thymus is small and largely inactive, and the
immune system becomes less diverse, more inflam-
matory, and slower to detect infections and cancer.

In a 2026 Nature paper published on March 18¢h,
titled “Thymic health consequences in adules”, sci-
entists used deep learning to score CT scans of
OVer 27,000 peopie.I Higher thymic health was as-
sociated with lower all-cause mortality, lower lung
cancer incidence, and lower cardiovascular mortal-
ity. It was also associated with less smoking, lower
body fat, greater physical activity, better metabolic
health, and lower chronic inflammation.

This makes sense. If someone looks after their
health, their thymus is likely to age slower. It also
indicates something else: if the thymus is aging

slowly, the rest of the body probably is too.

The paper suggests that how well the thymus holds
up in adulcthood may tell us a great deal about who
stays resilient and who becomes vulnerable. Among
presumably healthy participants in the screening
trial, high thymic healch was linked to roughly a
50% lower risk of death, a 36% lower risk of lung
cancer, and nearly a 50% lower risk of dying from
lung cancer compared with low thymic health.

This was an observational study, so it does not prove

that fixing the thymus will directly extend life. And

100

maybe it’s just that the thymus is a canary in the
coalmine. Either way, it does do something import-
ant by putting the immune system, a neglected one,
back in the center of the 10ngevity conversation.

“For decades, the thymus,

a small organ tucked behind
the breastbone, has been all
but forgotten.”
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A comparison between Juvenile

and Adult Thymus

Adult Thymus

Juvenile Thymus
Involution, Adipose Replacement

Pre-puberty, Active Lymphoid Tissue
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AS A FAMILY
VALUE
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v .Extending 1ifespan and healthspan
is a moral good because relation-
shlps are: strengthened by a healthier,

longer Tied older generatlon
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n September 6, 2025, the Wall Street
Journal published an article with the sensational
headline, “The Billionaires Fueling the Quest for
Longer Life.” " The article was accompanied by a
picture of four men. The media coverage of invest-
ment in aging research often reinforces the narrative
that wealthy men want to invest in such research
in order to extend their own lives. The subtext of
this narrative is that this investment is a kind of
testosterone driven ego-stroke, taking money away
from worthy causes such as cancer or Alzheimer’s
research in order to pursue individual gain.

Moreover, when there is coverage of the many
women researching healthspan and longevity, the
headlines tend to focus on menopause, as if that’s the
only health issue on which women researchers work,
or that women have to contend with as they age.

What subtly underpins both of these types of me-
dia coverage is a conception of ethics rooted in
individual rights, benefits, and costs. Support for
these rights may be grounded in principlism, an
influential theory in bioethical discourse. Prin-
ciplism argues, in part, that all individuals have
a) right to autonomy - that is, to make decisions
around what is best for themselves and their bod-
ies. Whether we're discussing billionaire invest-
ment or addressing menopause, the ethical ar-
gument around moving ahead with this research
contends that the right to autonomy means we are
entitled to promote our own health and the exten-
sion of our own lives.

But what if we apply a more feminist lens to the
conversation? The ethicist and psychologist Dr.
Carol Gilligan is best known for articulating a
novel ethical theory called the ethics of care.” This
theory espouses looking at not just the rights of an
individual to a particular intervention, but also at
how that intervention might impact broader rela-
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tionships. Therefore, when evaluating the effects
of longevity research, whether we are evaluating
the morality of such research or where we might
want to focus the research, the question we ask
ourselves when applying the ethics of care is, how
does such research affect not just the individual,
but the individual in relation to their piaee in a
family or in other relationships.

Perhaps the greatest strain many women (and
men) are facing today 18 heing part of what is called
the sandwich generation - that is, simuitaneously
raising children while taking care of aging parents.
But what if those elderly parents lived healchier
for longer? Imagine the pressure that is lifted from
middle—aged caretakers if eideriy parents can par-
ticipate in the farnily as parallel carers instead of
as aging peopie needing care. Instead of one or
tWO fami]y members caring for multipie younger
and older family members, you might have parents
and grandparents together raising the youngest
generation. In this context, under an ethics of care
lens, extending 1ifespan and hea]thspan is a moral
good, because re]ationships are strengthened by a
healthier, longer lived older generation.

If we fast forward to later in a woman’s life, sta-
tistically, men on average die earlier than women,
ieaving their spouses Or partners alone It is esti-
mated that houschold income drops significantly
when a spouse dies, leaving many elderly women
in a financially precarious position.# Research
that seeks to address this gender gap by extending
healthspan so that both partners live longer and
healthier has the potential to improve the lives of
both men and women at a vulnerable time at the
end of their lives.

When we filter the aim of healthspan and lifespan
research through the lens of the ethics of care, we
find that this research is typicaliy a moral good,
because it strengthens reiationships. That strength
may come from relieving some of the pressure felt
by women trying to juggle the roles ofprofessional
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Legal & Medical Disclaimers

The Lifespan Magazine, descriptions, articles, newsletters, social media posts, linked materials, and other
content, is provided for general informational and educational purposes only. It discusses scientific research,
health, wellness, longevity, and related topics, but it is not medical advice and does not constitute the practice of
medicine or any other licensed health care profession.

Lifespan content is not a substitute for professional medical advice, diagnosis, treatment, or care from a licensed
physician or other qualified health care professional. No doctor-patient, clinician-patient, attorney-client,
fiduciary, or other professional relationship is created by listening to, watching, reading, commenting on,
submitting questions to, or otherwise engaging with Lifespan content.

Nothing in Lifespan content is intended to diagnose, treat, cure, mitigate, or prevent any disease, condition,

or injury, or to recommend starting, stopping, delaying, or modifying any medication, treatment, supplement,
diet, fasting protocol, exercise program, diagnostic or lab test, medical procedure, therapy, or other health-
related intervention. Consult a licensed physician or other qualified health care professional before making
health decisions, particularly if you have a medical condition, are pregnant or nursing, take medication, or are
considering al supplement or other intervention. lfyou may be experiencing a medical emergency, call 911 Or your
local emergency number immediately.

Lifespan content may discuss scientific studies, emerging or investigational research, off-label uses, supplements,
medications, diagnostics, biological-age testing, lifestyle practices, products, services, and personal routines or
protoeols. References to any study, intervention, product, service, protocol, test, proeedure, provider, or personal
practice do not mean it is recommended for you, appropriate for your circumstances, proven safe or effective for
any particular use, or approved by any regulatory authority for any particular use.

Health, wellness, and longevity outcomes vary among individuals. No statement should be interpreted as
a promise, warranty, or guarantee of any result, health benefit, life extension, disease-risk reduction, or
improvement in biological age, biomarkers,

or other measures.

Scientific understanding of aging, longevity, nutrition, exercise, supplements, drugs, diagnostics, and related
fields continues to evolve. Lifespan does not guarantee that content is complete, current, accurate, error-free, or
applicable to your circumstances, and Lifespan has no obligation to update older content.

Views expressed are those of the applicable host, guest, speaker, author, or contributor and do not necessarily
reflect the views of Lifespan, Lifespan Foundation, sponsors, partners, institutions, employers, universities,
medical centers, research organizations, or other third parties.

Lifespan Foundation is an independent 501(c)(3) nonprofit organization whose mission is to support medical
research. References to Lifespan Foundation, donations, or research initiatives are not medical advice and do not
represent that any research, intervention, product, or service will produce any specific outcome.

The views expressed by Dr. David Sinclair, A.O., Ph.D., are his own and do not represent Harvard University,
Harvard Medical School, or any affiliated institutions. References to his affiliations are for identification only

and do not imply endorsement by Harvard University, Harvard Medical School, or any aftiliated institution.

By engaging with Lifespan content, you acknowledge that you are responsible for your own healch decisions and
that any reliance on Lifespan content is solely at your own risk.
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