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Abstract (1 sentence): Longevity Escape Velocity - the point where medical advances extend remaining
lifespan faster than time passes - appears increasingly plausible mid-21st century with multi-modal
rejuvenation therapies, though no interventions yet prove we can outrun aging, making evidence-based
lifestyle and preventive measures the current cornerstone for maximizing healthy longevity.

Disclaimer: For educational purposes only. Not medical advice. Consult qualified healthcare
professionals for personal guidance. Regional regulations apply. Experimental interventions are
not for unsupervised use.
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Executive Summary

Top Findings: Achieving longevity escape velocity - where each year of research adds >1 year to human
lifespan - is viewed as 50% likely by the mid-2030s by optimists, yet remains hypothetical as of 2025.
Recent breakthroughs in rejuvenation science show aging in mammals can be delayed or partially
reversed, but no intervention has yet proven to extend maximum human lifespan beyond ~122
years. Lifestyle and preventive medicine currently provide the highest-confidence longevity
benefits (High evidence, ~80-90% confidence), whereas experimental therapies (senolytics, gene
therapy, etc.) show promise in animals but only preliminary human data (Preliminary evidence, <50%
confidence in translation). Multi-factorial approaches targeting the Hallmarks of Aging are expected to
yield synergistic benefits, but rigorous human trials are needed to verify effects on hard outcomes



(mortality, morbidity). For now, conservative measures like exercise, nutrition, risk factor control, and
screening can robustly improve healthspan (high evidence), potentially extending healthy life by 5-15 years
in aggregate ' , whereas emerging therapies are being tested primarily in small trials or preclinical
models.

Key Takeaways:

- 1. LEV Concept & Timeline: Longevity Escape Velocity (LEV) is the point at which medical advances
outpace aging, effectively making aging a treatable condition. Experts like Kurzweil predict LEV could be
reached around 2029-2035 with Al-driven breakthroughs, and de Grey estimates a ~50% chance by
2036. Conservatively, without unforeseen breakthroughs, LEV may remain decades away (mid/late 21st
century or beyond). Confidence: 70% that LEV is not reached before 2035 (based on current pace of
progress) - multiple breakthroughs would be required.

- 2. Current Interventions: No geroprotective drug is clinically proven to extend human lifespan yet.
However, ordinary interventions have large longevity effects: e.g. never-smoking vs smoking yields
~10 extra years, top-tier fitness vs sedentary yields ~5 extra years, and adhering to a Mediterranean-
style diet is associated with ~20-25% lower all-cause mortality ' . Confidence: 90% - Lifestyle
modifications (diet, exercise, no smoking, moderate alcohol, good sleep) significantly improve longevity
and healthspan (supported by high-quality epidemiology and some RCTs).

- 3. Emerging Therapies: In animals, senolytics (drugs clearing senescent cells) consistently extend
median lifespan ~15-35% and improve tissue function. In humans, early trials of senolytics (e.g.
dasatinib+quercetin) show reductions in senescent cell markers and slight functional gains, but no long-
term outcomes yet. Partial cellular reprogramming (transient expression of Yamanaka factors) can
reverse epigenetic age in mice and improve organ function (e.g. vision), raising the possibility of true age
reversal - yet safety (cancer risk) is a major hurdle. NAD+ boosters (like NR, NMN) safely raise cellular
NAD and improve some metabolic markers, but haven’t shown longevity benefits in humans (moderate
evidence of improved muscle and inflammation in small trials). Confidence: 50% - Many of these
modalities will yield some human therapies in 10-15 years (e.g. senolytics for fibrosis), but it's uncertain
if they will dramatically extend lifespan without combination approaches.

- 4. Hallmarks of Aging as Targets: Consensus is that aging results from multiple interlinked
mechanisms (genomic instability, epigenetic alterations, mitochondrial dysfunction, cellular senescence,
proteostasis loss, stem cell exhaustion, altered intercellular communication, chronic inflammation,
dysbiosis, etc.). Therapies are being developed for each hallmark: e.g. mTOR inhibitors (rapamycin)
combat deregulated nutrient sensing and have extended mouse lifespan by ~9-26% in trials; senolytics
address senescent cell accumulation; telomerase gene therapy can reverse telomere attrition in mice;
plasma exchange and young plasma transfusions aim to reduce pro-aging factors in blood. A future
LEV scenario likely requires combination therapies addressing all major hallmarks simultaneously.
Confidence: 80% - Slowing aging will require multi-modal interventions; single targets yield partial
benefits in models.

- 5. Biggest Uncertainties: (a) Translational Efficacy: Animal “age-reversal” successes (rapamycin,
senolytics, reprogramming) may not translate directly to humans - human aging is longer and more
complex. Will clearing senescent cells or resetting epigenetics in midlife humans meaningfully extend
lifespan? Unknown (confidence ~30%). (b) Surrogate Markers: We lack validated biomarkers to quickly
test anti-aging therapies. Epigenetic clocks can be reset, but it's unclear if that guarantees longer life or
just cosmetic youth (confidence in clocks as surrogates ~50%). (c) Safety & Ethics: Pushing biological
systems may incur trade-offs - e.g. chronic immune suppression (rapamycin) might reduce resilience, or
partial reprogramming could cause cancer or loss of cell identity. Also, societal uncertainties: If LEV is
reached for some, how do we ensure equitable access and address overpopulation or purpose-of-life
guestions? These remain unanswered.

Biggest Uncertainties (summarized):
1. Translation to Humans: Can therapies like senolytics or gene therapy safely replicate the age-
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extending effects seen in mice? (No human RCT has yet shown slowed overall aging - TAME trial of
metformin is pending.)

2. Timeline to LEV: Are we 10-15 years or >50 years away? Optimistic forecasts (2030s) hinge on Al and
biotech accelerating discoveries, but pessimists note aging may have non-negotiable biological limits
(~150 years) and diminishing returns.

3. Unknown Aging Mechanisms: We may not yet know critical aging drivers - e.g. extracellular matrix
stiffening or novel cell types - that could derail current strategies. Also, interacting effects (e.g. clearing
senescent cells might impair wound healing) pose complex risks.

Plain-Language Primer (Hemingway)

What is LEV? Longevity Escape Velocity means beating aging faster than it beats us. In simple terms, it's
the moment when each year we live, science adds more than one extra year to our life expectancy. If
that happens, we stop moving closer to death - for a while, we outrun aging. It's like walking up an
escalator that's going down, but now you can climb faster than it descends. Reaching LEV would make
aging effectively optional, as long as the medical progress continues. This idea was popularized by
biogerontologist Aubrey de Grey and others in the early 2000s, comparing it to a spaceship achieving
escape velocity to leave Earth’s gravity.

How is LEV different from past life expectancy gains? Over the last century, life expectancy at birth
jumped from ~30 to ~73 years worldwide. But those gains came from fewer early deaths (clean water,
antibiotics, safer childbirth) - not from slowing the aging process itself. We got more people to live to 80,
but 80-90 remained a natural limit for most. Recent improvements have slowed: in rich countries, life
expectancy creeps up only a few months per year (and even reversed due to COVID-19). LEV, in contrast,
implies accelerating gains - adding more than 1 year of life per year of research. That would require
breakthroughs that directly rejuvenate the body or prevent age-related damage, not just treat diseases
one by one. In short, traditional public health extended average lifespans; LEV aims to extend
maximum lifespans by directly targeting aging.

Main Misconceptions:

- “Immortality or bust?” - LEV is not immortality. Even if aging stops, accidents, infections, or new
diseases can still be fatal. LEV simply means aging would no longer be the limiting factor. It's about
living much longer in good health, not living forever as an invincible being.

- “Old age would just last longer.” - People fear longevity means prolonging frail old age. The goal,
however, is healthspan, not just lifespan. Interventions seek to keep you biologically young or middle-
aged longer, delaying or reversing the frailty, not extending the frail period. It's adding life to years, not
just years to life. For example, a 90-year-old might function like today's 50-year-old if aging is truly
slowed.

- “We already reached our limit.” - Some think humans can't live beyond ~120 (the record is 122 years).
Indeed, data shows mortality rates skyrocket with age and no one has exceeded 122 yet. But scientists
argue this isn't a fixed species limit - rather, we haven't had the tools to push beyond it. LEV
proponents believe robust rejuvenation therapies could break that ceiling, though skeptics note a
recent analysis suggesting ~150 years might be the max without radical intervention.

- “Just exercise and you'll reach 150.” - Healthy habits greatly improve odds of reaching old age (for
instance, not smoking can give back ~10 years). But no lifestyle alone stops aging. Even the fittest
super-agers still show biological aging, albeit slower. LEV likely needs medical interventions beyond
what diet or exercise alone can do. Lifestyle is our best tool now, but LEV demands more powerful tools
(like gene therapy, cell therapies, etc.).

- “We’ll all be stuck working forever.” - A common worry: if people live much longer, they'll have endless



careers and never retire, or societies will be overcrowded. In reality, longer healthspans could mean
redefining life stages - people might have multiple careers, longer learning phases, or take
sabbaticals. Retirement age might rise gradually, but if 80 becomes the new 50, one might be healthy
and productive enough that working longer is feasible (or one might pursue new vocations). Population
growth from longevity is a complex issue - it may require lower birth rates to balance, which many
countries already face. There's also an upside: experienced individuals could contribute wisdom longer,
and families might see four or five generations alive at once.

Ethical Notes: Achieving LEV raises deep questions. Equity is a big one - will these advances be only for
the rich initially? Likely yes, unless policy intervenes. A world where the wealthy live centuries and
others do not could exacerbate inequality. Many argue aging therapies should be treated as basic
healthcare (since aging underlies many diseases) to avoid this. Overpopulation and environment are
concerns - more people living longer could strain resources. However, supporters note birth rates are
declining in many places; extended longevity might offset population aging without explosive growth.
Also, technology might advance resource efficiency. Intergenerational dynamics: If people live 150+
years, how do societal institutions adapt? Will there be “clogging” at top positions by long-lived
individuals? Possibly, but humans might adapt social norms (e.g. rotating leadership, or individuals
pursuing serial careers). Psychological adaptation: Are we mentally ready for very long lives? We
derive meaning partly because life is finite - if the horizon moves out dramatically, we must find
purpose in extra decades. Some worry about boredom or existential malaise in ultra-long life; others
say creative pursuits and human relationships can expand to fill any lifespan. The pro-aging trance:
Interestingly, psychologists observe many people rationalize aging/death as good (“it gives life
meaning”). LEV challenges that comfort - it forces us to confront change and the unknown. Ethicists
emphasize that pursuing longevity should go hand-in-hand with ensuring quality of life and social
structures that support a century-long life course (education, career breaks, etc.). Importantly, LEV
doesn’t mean everyone must live longer - it adds choice. Those who value a natural lifespan can still
live that way, while others who wish to extend their healthy years can opt in. The consensus in the field
is that alleviating the suffering of aging (frailty, disease) is a compassionate goal, as long as we navigate
these ethical and societal questions proactively.

State of the Science

Aging is now understood as a multi-factorial biological process - often summarized by the Hallmarks
of Aging (originally 9 hallmarks, updated to 12 hallmarks in 2023). These hallmarks are interconnected
drivers of aging, including things like genomic instability (DNA damage), telomere attrition
(chromosome end shrinkage), epigenetic alterations (changes in gene regulation), loss of proteostasis
(protein damage accumulation), disabled macroautophagy (reduced cellular cleanup), deregulated
nutrient sensing (e.g. insulin/IGF and mTOR pathways), mitochondrial dysfunction, cellular senescence
(zombie-like cells that accumulate), stem cell exhaustion, altered intercellular communication
(inflammatory environment), chronic inflammation, and dysbiosis (aging of the microbiome). Each
hallmark represents a target for intervention. Below we map current modalities to these aging
processes and review their status:

Hallmarks of Aging and Targeted Interventions

+ Genomic Instability (DNA damage): Aging cells accumulate mutations and DNA breaks.
Traditional approach: minimize damage (e.g. avoid radiation, carcinogens). Interventions: Some
compounds (e.g. NAD+ boosters, discussed below) enhance DNA repair by activating PARP
enzymes. No drug yet can broadly “fix" accumulated mutations, but gene therapies might



correct specific issues in future. Antioxidants theoretically reduce DNA damage from oxidative
stress, but antioxidant supplements have largely failed to extend life in trials (some even
increased mortality - likely because the body’s own stress response is complex). Another frontier
is CRISPR-based gene repair, currently used for single-gene diseases (e.g. CRISPR therapies in
trials for sickle cell, not aging), but conceivably one day to correct aging-related mutations in
stem cells. Evidence level: Preliminary - we have proof of concept in lab models (CRISPR can edit
genes; NAD+ helps DNA repair in mice), but no direct aging slowdown via genomic stability
enhancement in humans yet. High confidence that reducing mutagen exposure (like not
smoking, using sunscreen) lowers cancer risk, but unknown if it affects maximum lifespan
significantly (likely modestly).

Telomere Attrition (chromosome end shortening): Telomeres shorten each cell division,
eventually causing cells to senesce or die. Telomerase enzyme can extend them (active in stem
cells and cancer cells). Interventions: A landmark mouse study showed that activating telomerase
in adult mice increased median lifespan. There's an anecdotal human case: a biotech CEO
underwent an experimental telomerase gene therapy and reported increased telomere length,
but this is an N=1 with no proven health benefit. Supplements like TA-65 (derived from
Astragalus) claim to boost telomerase; small studies showed some immune cell telomere
elongation, but no clinical outcome changes. Telomere gene therapy in humans is highly
experimental and potentially risky (telomerase activation can promote cancer if unchecked, since
cancer cells often use telomerase). Evidence: Preliminary. We know short telomeres are
associated with age-related diseases, and leukocyte telomere length is a rough biological age
marker, but whether boosting telomerase safely extends lifespan is unproven. Confidence ~30%
that telomere therapies will be part of LEV (likely in combination), once we manage cancer risk.
Notably, regular exercise and a healthy diet correlate with slower telomere shortening,
suggesting indirect lifestyle interventions help maintain telomere length (observational
evidence).

Epigenetic Alterations: With age, DNA “marks” (methylation, histone modifications) change,
disrupting gene expression. This is what epigenetic clocks measure to gauge biological age.
Interventions: Perhaps the most exciting current avenue is epigenetic reprogramming - using
Yamanaka factors (OSKM) to reset epigenetic markers to a more youthful state. Mice studies:
partial reprogramming (turning on OSKM genes intermittently) reversed aging signs in cells and
restored vision in old mice (Sinclair's 2020 study) and extended lifespan in a progeroid mouse
model. Full reprogramming can make cells pluripotent (erasing identity, which is dangerous in a
whole organism), so the trick is a partial reset. Companies like Altos Labs and Calico are heavily
invested here. In 2023, researchers identified chemical cocktails that could induce a youthful
gene expression profile without genes, effectively a “pill” to reprogram cells - but this is at cell-
culture stage. In humans, no one has yet undergone epigenetic reprogramming therapy (far too
risky today). However, interestingly, a small trial (TRIIM 2019) that gave men growth hormone,
DHEA, and metformin reported a 2.5-year reduction in biological age as measured by an
epigenetic clock - essentially a hint that some drug regimen might reverse epigenetic age. That
trial was uncontrolled and small (n=9), so results are very preliminary. Evidence: Preliminary and
experimental. We have high confidence (90%) that epigenetic changes are a reversible aspect of
aging - multiple animal studies show you can make old cells young again epigenetically - but
translating that safely to humans is a major hurdle. Risk: if we overdo reprogramming, cells might
lose specialized function or become cancerous. Nonetheless, partial reprogramming is a core
piece of LEV roadmaps, potentially allowing periodic “resets” of cellular age.

* Loss of Proteostasis (protein maintenance): Aging cells accumulate misfolded or aggregated
proteins (like amyloid in brain, or junk proteins in cells). Quality control (chaperones,



proteasomes, autophagy) declines with age. Interventions: Rapamycin (an mTOR inhibitor) is
known to boost autophagy (cellular cleanup) - in basically every species tested (yeast, worms,
flies, mice), rapamycin extends lifespan, likely by enhancing proteostasis among other effects. A
human equivalent dose isn't established, but short-term studies in older adults show rapamycin
can improve vaccine responses and possibly certain immune functions. Caloric restriction (CR)
and intermittent fasting also enhance autophagy and have shown broad improvements in
healthspan in animals, though in primates CR had mixed results on lifespan (two rhesus monkey
studies: one showed significant longevity extension, the other didn't, possibly due to diet and
genetic differences). Still, CR is the gold-standard in lab animals for slowing aging (30-40% life
extension in rodents). Spermidine, a compound in foods (like fermented wheat germ, soy), has
pro-autophagy effects; feeding spermidine extended lifespan in mice and was correlated with
lower mortality in some human epidemiological data. Small human trials of spermidine
supplements showed improved memory in older adults (preliminary) and reduced markers of
cell aging. Heat shock from sauna or exercise induces chaperones that refold proteins - some
believe regular sauna use might aid proteostasis. Indeed, Finnish data found frequent sauna use
linked to lower mortality. So, supporting proteostasis can be done via behavioral methods
(exercise, fasting) and pharmacologically (rapalogs, polyamines like spermidine). Evidence:
Moderate (animal data strong, human data emerging). Confidence ~70% that therapies
enhancing proteostasis (like mTOR inhibitors or fasting mimetics) will be part of an LEV regimen.
In fact, rapamycin is one of the most credible pharmacological geroprotectors at present (in
mice it can even start late in life and still extend lifespan).

Disabled Macroautophagy (declining cellular recycling): This overlaps with proteostasis
above. Autophagy is how cells digest and recycle damaged components (misfolded proteins,
defective mitochondria). With age, autophagy slows. Interventions here are the same:
rapamycin, fasting, exercise, spermidine - all upregulate autophagy. Additionally, new drugs
directly activating autophagy pathways are being explored (e.g. small molecules activating AMPK
or inhibiting enzymes that block autophagy). Evidence: See above; increasing autophagy is a
known longevity mechanism in animals. High confidence it's beneficial, but it's tricky to measure
autophagy enhancement in humans outside biomarkers. One interesting angle: Trehalose, a
sugar, can induce autophagy and is being studied for neurodegenerative disease (to clear
protein aggregates). It's not yet a proven therapy for aging, but it shows how even a sugar might
target proteostasis.

Deregulated Nutrient Sensing: This hallmark refers to pathways like Insulin/IGF-1, mTOR,
AMPK, sirtuins - basically how cells sense energy and nutrients. In aging, typically too much
nutrient signaling (high insulin/IGF, high mTOR) drives aging, while low nutrient signaling (CR,
fasting signals) slows aging. Interventions: Metformin (a diabetes drug) activates AMPK and
lowers insulin levels - it mimics a state of low energy. Observationally, diabetic patients on
metformin have lower mortality than diabetics on other treatments, and even lived about as
long as non-diabetics in some cohorts, hinting metformin might have geroprotective effects
beyond diabetes control. This led to the upcoming TAME trial (Targeting Aging with Metformin)
to see if metformin delays the onset of multiple age-related diseases in non-diabetics.
Rapamycin again features here - it inhibits mTOR (nutrient sensor for protein), essentially
tricking cells into a “low protein diet” state. AKG (alpha-ketoglutarate), a molecule in the Krebs
cycle, declines with age; supplements of AKG extended lifespan in mice and showed some
epigenetic age reduction in a small human study (non-peer-reviewed so far). Resveratrol (from
red wine) was once famed as an activator of sirtuin proteins (which sense NAD+ levels, linking to
nutrient status). In mice, resveratrol had mixed results (benefited health, but didn’t extend max
lifespan except on high-fat diet). It turned out not to be the miracle hoped, but it opened the
field of sirtuin activators. Now, more potent sirtuin-activating compounds (STACs) are being



developed. Evidence: Moderate. We know nutrient sensing pathways strongly modulate lifespan
in model organisms. For humans, we have indirect evidence: people with genetically low IGF-1
(e.g. Laron syndrome) seem protected from cancer and diabetes (though not necessarily longer-
lived, interestingly). Calorie restriction in human trials improves many cardiometabolic risk
factors. Metformin's effect on aging is still theoretical but plausible (it has anti-inflammatory and
metabolic effects). Confidence ~60% that one or more nutrient-sensing pathway drugs will
modestly slow aging in humans (e.g. if TAME shows metformin delays multimorbidity, that's a
win). These drugs likely won't be magic bullets but could add a few healthy years.

Mitochondrial Dysfunction: Mitochondria (cell powerhouses) wear down with age, producing
less energy and more free radicals. They also have their own DNA that accumulates mutations.
Interventions: A lot of focus here: NAD+ boosters (like Nicotinamide Riboside [NR] and
Nicotinamide Mononucleotide [NMN]) aim to raise NAD+ levels which decline with age, thereby
improving mitochondrial function and activating sirtuins (which help metabolism and DNA
repair). Mice on NR or NMN have shown improved metabolism, endurance, and some reversal of
age-related changes; in old mice, NMN restored aspects of youthful gene expression and
mitochondrial function. Human trials: NR has shown increases in muscle NAD+ and slight blood
pressure reductions in middle-aged adults, but a recent trial in heart failure patients found no
functional benefit. NMN, meanwhile, is caught in a regulatory tussle (supplements vs drug
status). Coenzyme Q10 is a mitochondrial antioxidant/energy carrier; in older adults with heart
failure, CoQ10 supplementation (with selenium in one trial) improved survival, but as a general
anti-aging supplement evidence is weak unless one is deficient (e.g. statin users sometimes take
CoQ10 for muscle symptoms). Mitochondrial peptides: Mitochondria produce signaling
peptides like humanin and MOTS-c that decline with age; early research suggests they have roles
in metabolism and longevity (MOTS-c increases insulin sensitivity). Trials are far off but analogs
are being explored. Mitochondrial replacement: In theory, replacing mutated mitochondria in
aged tissues could rejuvenate cells. In practice, we can do mitochondrial transplants in cell
culture and there's an emerging concept of transferring mitochondria between cells, but in vivo
it's experimental (some attempts to treat heart ischemia by injecting mitochondria are ongoing).
Mito-targeted antioxidants: e.g. MitoQ or SkQ1, engineered to accumulate in mitochondria.
They showed extension of lifespan in short-lived animals, but human data is limited to improved
markers (MitoQ improved arterial dilation in one study in older adults). Exercise is worth
mentioning - the best mitochondrial tonic is exercise; it induces mitochondrial biogenesis (more
mitochondria) and function. That's part of why high fitness translates to lower mortality (fit
individuals’ cells run “younger” metabolically). Evidence: Moderate. Boosting mitochondrial
function clearly improves health in aged animals. Humans: exercise - strong evidence for
mortality reduction (high VO2max correlates with ~70-80% lower death risk vs low VO2max).
NAD+ boosters - plausible but not yet outcome-verified. Confidence ~50% that NAD+ modulation
will play a role (the idea is sound but execution unclear). Mitochondrial gene therapy or
replacement is more high-risk high-reward, probably longer-term.

Cellular Senescence: Cells that stop dividing but don’t die - they accumulate in tissues and
secrete inflammatory factors (the SASP). They contribute to aging (e.g. causing tissue
dysfunction, chronic inflammation). Remove senescent cells from mice and they live healthier
and ~15-35% longer. Interventions: Senolytics - drugs that selectively destroy senescent cells.
This area exploded in the last decade. The combo of dasatinib (a leukemia drug) + quercetin
(a plant flavonoid) was the first senolytic cocktail identified. In mice it rejuvenated aged tissues
and improved diseases (e.g. lung fibrosis, diabetes complications). Others: Fisetin (a flavonoid
from strawberries) extends mouse lifespan ~10% when given intermittently late in life, by killing
senescent cells. Unity Biotechnology tested a senolytic drug in knee osteoarthritis (UBX0101); it
failed to improve cartilage, though some symptom benefit was noted. However, senolytics did



show a signal in a pilot human study: in diabetic kidney disease, D+Q reduced senescent cells
and SASP factors, and in idiopathic pulmonary fibrosis patients, a short course of D+Q modestly
improved physical function (open-label trials). Over 30 clinical trials of senolytics are now
underway for conditions from Alzheimer’s to osteoarthritis. New senolytics like navitoclax (a
BCL-2 inhibitor) also kill senescent cells (navitoclax is basically chemo, with side effects like low
platelets, so not ideal for aging use yet). There are also vaccines being researched to program
the immune system to clear senescent cells by targeting senescence-specific proteins.
Senomorphics are another approach - not killing senescent cells, but suppressing their harmful
secretions (e.g. using JAK inhibitors to reduce SASP). Evidence: High (preclinical), Preliminary
(clinical). We are quite confident senescent cells shorten healthspan (in mice, clearing them
delays cancers, improves organ function). In humans, we see them accumulate and link with
diseases (e.g. more senescent cells in arthritic joints). The first wave of senolytic human trials in
specific diseases will report in the next 1-3 years. It's uncertain if senolytics can extend overall
lifespan in humans, but they may treat specific age-related conditions. Confidence ~70% that
senolytics will become therapies for certain diseases of aging by 2030 (e.g. lung fibrosis, diabetic
nephropathy) given early data. For general use as a longevity drug, more safety data is needed -
e.g. what if senolytics remove cells needed for wound healing or immunity? We might see
“senolytic rejuvenation therapy” cycles in the future if proven safe: perhaps a 2-day course of
senolytics every year to clear out the worst senescent cells (some biohackers already self-
experiment with yearly fisetin high doses, but this is not medically recommended pending trials).

Stem Cell Exhaustion: As we age, stem cells (which regenerate tissues) decline in number and
function - e.g. fewer blood-producing stem cells in bone marrow (leading to immune aging), or
muscle stem cells that can't repair muscle well (sarcopenia). Interventions: Stem cell therapies
aim to replenish or rejuvenate stem cell pools. Examples: blood stem cell transplants (bone
marrow transplants) are standard for some diseases, but for anti-aging, one idea is autologous
stem cell banking and re-infusion later. This is not mainstream yet due to cost and mixed results.
Young blood or plasma: giving old animals young blood (parabiosis experiments) improved
their stem cell function and tissue repair - part of that effect might be via stem cells getting
more youthful signals. In humans, a controversial trial (Ambrosia) transfusing young plasma
showed no clear results and was criticized. However, a more controlled trial in Alzheimer's
(Stanford, 2017) with young plasma hinted at some functional improvements, and a Spanish trial
(AMBAR, 2019) using plasma exchange (removing old plasma and giving albumin) showed a
slower cognitive decline in Alzheimer’s. For thymus (where T-cells mature), the aforementioned
TRIIM trial reported regeneration of thymic tissue on MRI after growth hormone + DHEA +
metformin, suggesting even an old thymus can gain back mass (though GH has risks). There's
work on synthetic thymic peptides (like thymosin alpha-1) to boost immune function - these are
used in some countries for immune disorders. Muscle stem cells: trials of transplanted
myoblasts (muscle progenitors) have been attempted for muscle diseases, but not for general
aging. Mesenchymal stem cells (MSCs) from sources like fat or umbilical cord are being given
in many clinics (often unregulated) for “anti-aging” or arthritis. The evidence is patchy - MSCs can
reduce inflammation short-term, but they often don't persist or fundamentally reverse aging.
Still, there are legit trials (e.g. MSCs for frailty showed improved fitness and lower inflammation
in a small RCT). Induced pluripotent stem cells (iPSC)-derived cells: We might in future create
patient-specific young stem cells to replace aged ones. This is under study for specific organs
(e.g. generate iPSC-derived dopamine neurons for Parkinson's - ongoing trials). Evidence:
Moderate for certain therapies, low for systemic age reversal. E.g. bone marrow transplants in older
patients (for cancer) often “reset” their blood/immune system age (the new stem cells are
younger), but risk is high. We have high confidence (80%) that stem cell replacement works for
specific tissues (e.g. skin: you can grow and graft new skin in burn patients), but for general
aging, it's tricky to implement. Possibly, periodic stem cell infusions could treat frailty - some



early trial results are promising (frail patients had better walking speed and lower inflammatory
cytokines after MSC infusions, albeit needing confirmation). By 2025, this is still experimental.

Altered Intercellular Communication (Inflammation & Signals): Aging is often called
“inflammaging” - chronic low-level inflammation harming tissues. Also, communication like
neurotransmitters and hormones changes (e.g. older people have higher NF-kB (inflammatory)
activity, altered cytokines, etc.). Interventions: Many of the above help - senolytics remove a
source of inflammation (senescent cells), exercise reduces systemic inflammation, diet (e.g.
Mediterranean) lowers inflammatory markers 1 . Specific anti-inflammatories: low-dose
aspirin was thought to possibly extend life by reducing inflammation and blood clots; however,
in healthy older adults (ASPREE trial) aspirin did not extend lifespan and even slightly increased
mortality (mostly due to cancer, puzzlingly). So routine aspirin for primary prevention in over-70
is not advised now. Other approaches: JAK inhibitors (like a arthritis drug) can block
inflammatory SASP signals - Mayo clinic has a trial of a JAK inhibitor for senescence-related
osteoporosis. Targeting the gut microbiome may reduce systemic inflammation (since
microbiome changes can drive inflammation - e.g. increase in gut permeability). Fecal
microbiota transplants (FMT) from young to old mice improve the old mice’s health and reduce
inflammation; anecdotal human cases (like treating C. diff infections) suggest an older person
receiving young donor stool had some unexpected improvements (though just anecdote).
There's interest in “rejuvenating” the microbiome with probiotics, prebiotics, or FMT; no longevity
trials yet, but a healthier microbiome is linked to better metabolic and immune function.
Hormone signals: Aging involves changes like lower growth hormone, sex hormones, and
higher stress hormones. Some experiments: growth hormone supplementation can increase
IGF-1 and muscle mass in aged, but GH may promote diabetes and possibly cancer - not
generally recommended for anti-aging (despite some anti-aging clinics offering it off-label).
Estrogen/Testosterone replacement: These are standard for menopause or hypogonadism.
Evidence on longevity: Women on HRT around menopause may have lower all-cause mortality
and fewer heart disease events if started early (some data, but if started late, risks can outweigh
benefits). For men, testosterone therapy improves muscle and sometimes mood, but long-term
mortality impact is unclear; some studies show higher heart risks in older men. So hormone
replacement is more about quality of life. Dietary signals: Compounds like omega-3 fatty acids
reduce inflammation and are linked to lower mortality (e.g. higher blood omega-3 index is
associated with +5 years life expectancy observationally). And indeed, fish oil (icosapent ethyl) in
an RCT cut cardiac death 20-30%, though that's a specific case in heart disease patients.
Summing up: controlling chronic inflammation likely adds healthy years (e.g. IL-6, CRP levels
correlate with mortality). In the CANTOS trial, an IL-1 blocker (canakinumab) in heart attack
survivors reduced cardiovascular events and cancer incidence - indicating targeting
inflammation can modify age-related disease risk, though that drug is costly and had infection
risk. Evidence: Moderate. Reducing pro-inflammatory signaling clearly improves health in those
with chronic inflammation (e.g. rheumatoid arthritis treated with anti-TNF biologics saw some
normalization of lifespan). For general older population, an ongoing trial (NLRP3 inflammasome
inhibitor in frailty) is testing this. We are moderately confident (60-70%) that future longevity
strategies will include anti-inflammatories or immune modulators, possibly intermittent high-
impact ones (like a cytokine antibody) or steady low-dose ones (diet, etc.).

Chronic Inflammation & Dysbiosis (the new hallmarks): Already covered the gist above.
Dysbiosis (aging-related changes in gut microbiome) might be addressed by diet, probiotics, or
even phage therapy to remove bad bacteria. There’s a fascinating line of research: centenarians
often have unique gut microbes that produce beneficial byproducts (like secondary bile acids
that reduce infections). Maybe one day we'll “transplant” key microbes from centenarians into
others.
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In summary, the state of the science is that each hallmark of aging now has candidate interventions
- some very advanced (rapamycin for nutrient sensing, senolytics for senescence), some more
speculative (partial reprogramming for epigenetics, microbiome transplants for dysbiosis). The next
subsections detail key modalities and their status, many of which span multiple hallmarks:

Lifestyle & Behavioral Modifications

(Targets: Many hallmarks indirectly - genomic stability, inflammation, metabolic health, etc.)

Exercise - Aerobic and Strength: Arguably the most potent longevity medicine available today. High
cardiorespiratory fitness (VO,max) is strongly linked to lower mortality - e.g. a large study found that
men and women with elite fitness (~top 2.5%, ~14 METs on treadmill) had ~75-80% lower risk of all-
cause death compared to low-fitness individuals. In fact, there was no upper limit of benefit; the fittest
groups lived the longest. Another analysis showed the top 5% fit lived about 5 years longer than the
bottom 5%. Mechanisms: exercise improves cardiovascular health (lower blood pressure, better
endothelial function), enhances insulin sensitivity, reduces inflammation, and induces beneficial stress
responses in cells (like autophagy and DNA repair). Aerobic exercise (e.g. brisk walking, jogging,
cycling) for =150 minutes/week at moderate intensity (or =75 min vigorous) is recommended by
guidelines and linked to ~20-30% lower mortality risk in cohort studies. Higher intensity may confer
extra benefit: some studies suggest that mixing vigorous activity (HIIT or vigorous sports) further
improves longevity, possibly by greater cardiopulmonary stimulation. Strength training is equally
important for healthy aging: muscle mass and strength (grip strength, etc.) strongly predict mortality
and disability. Older adults who do strength exercise 2+ times/week have about 20% lower all-cause
mortality risk. Maintaining muscle helps prevent falls and frailty - key for quality of life. And muscle is
metabolic tissue; more muscle means better glucose metabolism. Flexibility and balance (yoga, tai chi)
help prevent injuries and maintain mobility, indirectly important for longevity (hip fractures can be life-
shortening in elderly). Evidence: High. Countless studies (observational, some RCTs for risk factors)
support exercise. One randomized trial in older adults (70-89) showed a structured physical activity
program reduced the risk of major mobility disability [no citation in sources, known as LIFE study] .
Even starting exercise in mid or late life provides benefit. Our confidence: ~95% that regular physical
activity increases healthspan and somewhat lifespan - it's one of the most proven interventions for
healthy aging (Evidence Level: High). Effect size: moderate aerobic exercise is like a “poly-pill” - it can
reduce all-cause mortality risk by ~20-35%, and extreme fitness by up to ~70% (though not everyone
can reach elite fitness, we emphasize even moderate improvement helps). Time-to-benefit: quick -
within months, risk factors improve; within 1-2 years, mortality risk starts dropping (as seen in risk
factor changes), and benefits persist as long as exercise habit continues. Risks: exercise is generally safe
but intense exercise acutely raises risk of injury or cardiac events in those with conditions - build up
gradually, get medical clearance if severe disease. Avoid overtraining (excessive endurance exercise
might cause wear and tear - but evidence of harm at very high doses is mixed; most people don't reach
that). VO,max and muscle strength are good monitoring metrics - you can track via fitness tests or
wearable metrics (heart rate recovery, etc.).

Nutrition - Dietary Patterns: A nutritious diet can prevent diseases that kill (heart disease, diabetes,
some cancers) and may also directly influence aging pathways (through nutrient sensing signals, gut
microbiome, etc.). The standout pattern in evidence is the Mediterranean diet (high vegetables, fruits,
whole grains, legumes, fish, olive oil; moderate nuts; low red meat and processed foods). In long-term
observational studies, high adherence to a Med diet is associated with ~20-25% lower all-cause
mortality ' (pooled RR ~0.77) and significant reduction in cardiovascular deaths ' . Notably, a
Spanish RCT (PREDIMED) tested a Med diet (with extra olive oil or nuts) vs a control diet in high-risk
people: after ~5 years, the Med diet groups had ~30% fewer heart attacks and strokes [no direct
citation here but widely published 2013 NEJM] . That trial wasn't long enough to show mortality
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reduction, but subsequent follow-ups suggest trends to lower mortality too. Another pattern, the DASH
diet (like Mediterranean but also low in salt), is proven to reduce blood pressure (an aging risk factor).
Plant-rich diets in general correlate with longevity - vegetarian or plant-based diets show ~15% lower
all-cause mortality in some cohorts (especially if including fish or dairy for B12; pure vegan diets require
B12 supplementation to avoid deficiency). Mechanisms: such diets are high in fiber (feeding gut
microbiome, reducing inflammation), rich in vitamins and polyphenols (antioxidants, though direct
antioxidant effect is less important than signaling effect of polyphenols), and lower in processed carbs
and saturated fats (improving metabolic health). Caloric intake overall: avoiding chronic overeating
helps prevent obesity and diabetes - obesity in midlife can cut life expectancy by ~5-8 years. Mild
calorie restriction (eating ~10-15% less than typical) in non-obese adults has shown improvements in
blood pressure, cholesterol, insulin sensitivity and even a slowing of biological aging markers in trials
(CALERIE trial). However, CR can reduce muscle mass and bone density if not careful, so it's not widely
recommended for everyone, just avoiding excess calories is key. Intermittent Fasting / Time-
Restricted Eating (TRE): This has gained popularity as a way to improve metabolic health by aligning
eating with circadian rhythms and giving the body daily fasting periods. Early human trials: TRE (e.qg.
eating only in an 8-hour window) can improve insulin sensitivity and blood pressure, even without
calorie change. Fasting triggers autophagy, as mentioned. Longer fasts (24+ hours) are practiced by
some, but evidence is mainly from animals. A cautious approach is 14-18 hour fasting periods which
many find sustainable. Low-protein diets in mid-life: some studies (e.g. Levine et al. 2014) found that
middle-aged adults eating high animal protein had higher IGF-1 and 75% increase in overall mortality
and 4-fold more cancer death, except in those over 65, where higher protein was protective (to prevent
frailty) [no direct cite but known observational study] . This suggests a strategy: moderate protein
(~0.8 g/kg) until ~65, then higher protein (=1.2 g/kg) later to preserve muscle. However, this is debated;
others argue adequate protein throughout is important, and the difference might be due to health
conditions. In any case, protein source matters - plant proteins associate with lower mortality than red
meat. Sugar and refined carb reduction: Helps avoid insulin resistance. High sugar intake links to
obesity, diabetes which accelerate aging (via inflammation and AGEs formation). Good diets keep
glycemic load reasonable. Micronutrients: Ensuring enough vitamin D, B12, omega-3, etc., is important
(discussed more in supplements section). Deficiencies clearly cause disease (e.g. B12 deficiency can
mimic aging with cognitive decline). Many older adults have vitamin D deficiency (due to less sun
exposure and skin’s reduced synthesis), which correlates with frailty and mortality - supplementing D in
deficient people prevents fractures and maybe has a small mortality benefit in meta-analyses [no
specific cite here, but some meta-analyses show slight reduction in cancer death with D
supplementation] . Alcohol: Diet-wise, moderate alcohol (1 drink/day) was once thought beneficial (the
“French paradox” attributed to red wine). Newer analyses controlling for biases find that any alcohol
carries some risk - the safest level is none in terms of cancer risk. That said, the increased risk at 1 drink/
day is small (e.g. a J-curve: light drinkers sometimes show similar or slightly lower mortality than
abstainers, likely due to confounders). Heavy drinking definitely shortens life (e.g. >3-4 drinks/day raises
mortality significantly). So best advice: if you drink, do so at low levels (<1 drink/day for women, <2 for
men) and not as a health strategy, only socially. Hydration and diet timing: Minor factors -
dehydration stresses the body, but no evidence higher water intake beyond thirst extends life. Avoiding
late-night heavy meals supports circadian rhythm and may improve metabolic health (some link
between poor eating timing and obesity/diabetes). Evidence: Very high. We have robust evidence linking
diet quality to mortality (observational but strong and biologically plausible, some RCT evidence for
intermediate outcomes like CVD). The effect size of switching from a typical Western diet to a
Mediterranean-type diet could be on par with many medications: ~20-30% reduction in risk of
premature death ' . Our confidence is near 90% that a healthy diet improves healthspan and
moderately improves lifespan. It likely won't make you live to 120 by itself, but could help you reach
your 90s in better shape.
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Weight Management: Maintaining a healthy weight (BMI ~20-25) is implicitly covered by diet and
exercise, but to note: obesity (BMI =30) at midlife is associated with higher mortality (e.g. a 50-year-old
obese nonsmoker might have ~3-5 years shorter life expectancy than a normal-weight peer [no
specific cite but supported by large cohort studies] ). With severe obesity (BMI =40), the reduction can
be 8-10 years (similar to the effect of smoking). On the flip side, being underweight (BMI <18.5) also
correlates with higher mortality, often due to underlying illness or frailty. Aim for stable weight in the
normal range through balanced intake and physical activity. If lifestyle changes don't suffice for weight
loss in the obese, modern medicine offers pharmacotherapy: GLP-1 agonists (like semaglutide, trade
name Wegovy) produce ~15% body weight loss on average and have been shown to reduce risk factors
and likely cardiovascular events in obese individuals (the SELECT trial results are anticipated soon).
Bariatric surgery (gastric bypass, sleeve) is proven to extend life in the severely obese: one study
showed 40% reduction in 10-year mortality vs matched obese patients without surgery [no direct cite
in text, known from SOS study and Utah data] . These tools, while not “anti-aging” per se, greatly
reduce diabetes, heart disease, and possibly cancer, thus indirectly increasing longevity.

Sleep Optimization: Chronic sleep deprivation and sleep disorders accelerate aging processes (affect
hormones, increase inflammation, impair brain amyloid clearance). Observational data show a U-
shaped curve: about 7-8 hours of sleep per night is associated with lowest mortality; consistently less
than 6 or more than 9 hours correlates with higher mortality (about 30-50% higher risk at extremes).
For example, one meta-analysis found <5 hours sleep was associated with ~1.3-1.5x mortality risk, and
>9-10 hours also ~1.3-1.5x% risk. Oversleeping might indicate illness or low activity. So sleep hygiene -
aiming for 7-8 quality hours - is an important health factor. Beyond duration, regularity matters: going
to bed and waking up at consistent times supports circadian rhythm and has been linked to better
metabolic health and possibly longevity. Sleep disorders: Untreated sleep apnea (pauses in breathing
at night, often in snorers) causes spikes in blood pressure, lowers oxygen, and increases heart risk; it's
associated with higher mortality if severe and untreated. Diagnosing and treating apnea (with CPAP or
other means) can improve quality of life and likely longevity (studies indicate treating apnea reduces
cardiovascular events). Insomnia and mental health: Chronic insomnia can raise stress hormones and
inflammation. Cognitive Behavioral Therapy for Insomnia (CBT-I) or if needed, short-term use of sleep
aids, can help - though routine use of certain sleep drugs (like benzodiazepines) correlates with higher
mortality in observational studies (likely confounded by the poor health that necessitates them). Safer
options like melatonin (OTC in US, by low-dose prescription in EU) can help adjust circadian rhythm,
especially for older people whose melatonin levels decline. Also avoiding screen blue light at night (or
using filters) helps melatonin secretion for better sleep. Napping: Small naps (<30 min) can reduce
stress, but long naps might indicate poor nighttime sleep. In Mediterranean cultures, a siesta didn't
reduce longevity - in fact, one Greek study found those who napped had lower heart mortality, possibly
due to stress reduction. Bottom line: Prioritize sleep as it's when the body repairs (e.g. growth
hormone surges in deep sleep, brain clears waste in sleep). Evidence: Moderate. We have
epidemiological evidence and mechanistic understanding that sleep is essential; direct RCT evidence for
mortality is impractical, but many signals indicate improving sleep likely improves healthspan (and
indirectly lifespan by reducing disease). Confidence ~80% that getting adequate, regular sleep
contributes to longevity.

Stress Management and Mental Health: Chronic psychological stress (caregiver stress, severe work
stress) correlates with faster biological aging (e.g. shorter telomeres found in highly stressed
individuals) and higher incidence of cardiovascular disease. Depression is associated with higher
mortality as well - partly via unhealthy behaviors, partly via physiological pathways (inflammation, HPA
axis activation). Conversely, positive psychological well-being (optimism, purpose) is linked with
longevity - optimists in studies have notably longer lifespans (one study of ~70,000 people found those
with highest optimism had ~15% longer lifespan on average, some of that explained by better health
behaviors). Having a sense of purpose in life is strongly predictive of living longer, even controlling for
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health status - possibly because it motivates better self-care and fosters resilience. Stress reduction
techniques - meditation, mindfulness, yoga, tai chi, spending time in nature, therapy, social support -
can lower blood pressure and stress hormones. There's evidence that meditation can even upregulate
telomerase and reduce inflammatory gene expression (short-term studies). Social isolation and
loneliness are risk factors akin to smoking in effect size (meta-analysis by Holt-Lunstad 2010 found
loneliness had ~1.5x mortality risk similar to smoking 15 cigarettes a day). Thus, nurturing social
connections is actually part of “lifestyle for longevity.” People with strong social support networks tend
to live longer and recover from illness better [no specific cite given, but robust epidemiological
evidence] . So, healthy relationships, community engagement, and stress management are important
“soft” factors. Evidence: Moderate (for associations) but harder to quantify interventions. We are fairly
sure chronic stress is bad and social connection is good for longevity (confidence ~70%). Many
centenarian studies highlight being socially active, managing stress, and having a positive attitude as
common traits. These factors might act through neuroendocrine pathways (less chronic cortisol, etc.).
From a playbook perspective, one could “dose” stress reduction via daily relaxation practices, ensuring
vacation time, etc. “Work-life balance” is a longevity issue too.

Environment & Exposures: This overlaps with lifestyle. Avoiding harmful exposures can add years.
Smoking we covered - absolutely avoid tobacco. Air pollution - living in a heavily polluted area
shortens life by several years on average. For instance, chronic exposure to fine particulate pollution
(PM2.5) is estimated to cut global average life expectancy by ~2.3 years. So, for individuals: use air
filtration at home if in polluted cities, avoid heavy traffic zones for exercise, support clean air policies.
Water and toxins: avoid lead (get your water tested if in an old house, use filters if needed; lead
accumulates and can cause hypertension and cognitive decline), avoid excess alcohol (as noted), avoid
other drugs of abuse. Radiation: unnecessary radiation (like excessive CT scans without cause) is
cumulative - prudent to only get high-dose imaging when medically warranted. Sunlight: some sun is
beneficial for vitamin D and mood, but excessive UV ages the skin and increases skin cancer risk. Use
sunscreen or cover up to prevent burns - skin aging is the most visible sign of aging, and while
cosmetic, it reflects cumulative damage. However, paradoxically, moderate sun exposure has been
associated with lower mortality in some studies (Swedish women study) possibly due to vitamin D or
other circadian effects - so balance is key: don't scorch, but don't live in a cave either. Occupational
hazards: if your job involves toxins or shift work, that can impact aging. Night shift work is labeled a
probable carcinogen (circadian disruption leading to breast cancer risk etc.). If possible, limiting years
on graveyard shifts or using circadian lighting can mitigate harm. Heat and cold stress: interestingly,
intermittent exposure to heat (sauna) or cold (cold showers, winter swimming) might hormetically boost
health. Finnish data on sauna we discussed - it likely acts via cardiovascular conditioning and relaxation.
Cold exposure can activate brown fat and improve metabolic health in small ways; some individuals use
cold plunges for an endorphin rush and possible inflammation reduction. It's still niche; do it if
enjoyable but it's not as evidence-backed as other lifestyle factors yet (preliminary data say it might
improve insulin sensitivity). Noise pollution: chronic noise stress (living near airports etc.) raises stress
hormones and blood pressure - not a huge factor for most, but if one can choose a quieter living area,
it could reduce chronic stress burden.

In summary, lifestyle and environment form the foundation of any longevity strategy. They tackle the
root causes of common killers and set the stage for any advanced therapy to work on a healthier body.
As one longevity researcher put it, “First, do what your grandmother told you” - eat veggies, exercise,
sleep well, don't smoke - “then we can talk about pills and treatments.” Without this base, fancy
therapies might be fighting uphill.

Drugs, Supplements & Small Molecules

(Targets: Nutrient sensing, metabolism, specific aging pathways)
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We've touched on many in context. Here let’s list key geroprotective candidates:

* Metformin: A type-2 diabetes drug (first-line). It lowers blood glucose by improving insulin
sensitivity and reducing liver glucose production. Beyond diabetes, it modulates several aging-
related pathways: activates AMPK (energy sensor), inhibits mTOR indirectly, reduces
inflammation (metformin users have lower CRP), and perhaps slightly lowers IGF-1.
Epidemiological clue: Diabetics on metformin have lived longer than diabetics on other
treatments, and in some studies as long as or slightly longer than non-diabetics (though the
non-diabetic comparison likely had more smokers, etc., so interpret carefully). Still, this suggests
metformin may have benefits beyond glucose control - possibly reducing cancer incidence
(observed in some studies) and cardiovascular events. The TAME trial (anticipated ~2026 results)
is enrolling ~3,000 older adults without diabetes, giving metformin or placebo, aiming to see if
metformin delays the onset of any of several age-related diseases (heart attack, stroke, cancer,
dementia). If positive, that would be a landmark proof that aging can be modified with a drug.
Safety: Metformin is generally safe (used for decades), main side effects are GI upset and B12
deficiency over long term in some (so supplement B12 if needed). It's inexpensive (generic
~€5-10/month). Off-label use for longevity is happening in some circles, but mainstream doctors
await TAME evidence. Evidence level: Moderate (human observational), Preliminary (for
longevity). We give it moderate evidence because of its long safety record and plausible multi-
disease preventive action, but we lack RCT proof in non-diabetics. Confidence ~60% that
metformin modestly improves healthspan; maybe it delays multimorbidity by a couple of years
(we'll see). It likely won't extend maximum lifespan dramatically on its own, but could compress
morbidity (live healthier longer).

Rapamycin & Rapalogs (mTOR inhibitors): Rapamycin (sirolimus) is an immunosuppressant
used in organ transplant patients, and analogs like everolimus, temsirolimus are used in certain
cancers. It extends lifespan in mice even when started late (old mice given rapamycin lived
~9-14% longer on average). It acts by partially mimicking calorie restriction at the cellular level -
inhibiting mTORC1 triggers autophagy and stress resistance. In mice it also rejuvenated aging
immune function; in a small human trial, a low-dose rapalog improved elderly responses to flu
vaccine. Ongoing trials: e.g. the PEARL trial testing 1mg rapamycin weekly in healthy older adults
for 1 year (looking at immune and epigenetic effects). Also trials in specific conditions: e.qg.
rapamycin for age-related cognitive impairment (to see if it helps cognition or not). Some
“biohackers” self-administer low-dose rapamycin (e.g. 5-10mg once weekly) to avoid continuous
immunosuppression (daily dose is more immunosuppressive). Known side effects at therapeutic
doses: mouth ulcers, high triglycerides, slight insulin resistance, testicular atrophy in males (in
dogs given rapamycin, some had that). But low intermittent dosing might have minimal side
effects - data needed. Not approved for anti-aging anywhere; it's prescription only
(immunosuppressant category). A veterinary trial (the Dog Aging Project) is testing rapamycin in
pet dogs to see if it improves health and survival; preliminary data indicated improved heart
function in middle-aged dogs on rapamycin. If dogs show lifespan extension, that'll increase
interest. A concern: rapamycin could impair wound healing and immune response to infections if
too much - but short-term studies in older humans surprisingly showed fewer infections
(possibly because it boosted adaptive immunity while slightly reducing inflammatory innate
signals). We don't fully know the trade-off in healthy people. There are also rapalogs being
developed specifically for aging - e.g. RTB101 (a low-dose TORC1 inhibitor) was in trials by
resTORbio: their phase 2 saw fewer respiratory infections in elderly, but the phase 3 didn't meet
significance (maybe due to mild flu seasons or dose issues) and the program was halted. That
was a setback, but not a killshot for the concept. Other analogs or schedules might work better.
Evidence: High in animals, Preliminary in humans. Confidence ~80% that mTOR is a real aging
lever, but ~50% that a tolerable regimen for humans as a preventive can be found. We suspect
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some regimen (maybe weekly low dose, or some pulsatile schedule) will become a longevity
therapy in future, especially for those who cannot do strict diet changes. Cost: generic sirolimus
is not too expensive (approx €50-100/month at low dose, though prices vary - in Germany one
estimate is ~€80 for 12 weekly 5mg doses, but this is off-label so one pays out-of-pocket).
Regulatory: in EU, it's only approved for transplant or rare disease (tuberous sclerosis), so using it
for anti-aging would be off-label and somewhat experimental (one would need a doctor willing
to prescribe off-label, which is uncommon now).

NAD+ Boosters: As mentioned, NAD (a coenzyme for metabolic reactions and sirtuins) declines
with age. Two main supplements: Nicotinamide Riboside (NR) and Nicotinamide
Mononucleotide (NMN). Both increase NAD in cells. NR is available as a supplement (Niagen)
and has GRAS status in US; NMN was available as supplement but recently FDA ruled NMN is
being investigated as a drug (by MetroBiotech, affiliated with David Sinclair) so it can't be sold as
a supplement in US anymore - in EU, NMN's status is unclear (probably not authorized as novel
food yet, though people import it). Animal evidence: boosting NAD+ can improve muscle
function, neurovascular health, and even lifespan in some lower organisms. It likely works via
activating sirtuin enzymes (SIRT1,3 etc.) and improving mitochondrial function. Human studies:
NR in middle-aged and older adults raised NAD by ~60%. A trial in 2018 found NR (1g/day)
reduced blood pressure a bit in those with higher baseline BP and improved arterial stiffness,
hinting at cardiovascular benefit. Another trial in older women found improved muscle
endurance. However, a high-profile trial in 2022 (NR in heart failure patients) didn't show
functional improvement. NMN human data: small trials in Japan showed improved muscle insulin
sensitivity in prediabetics and better performance on walking tests in elderly (but sample sizes
~10-25). No long-term outcomes yet. There's also Niacin (vitamin B3) - a cheaper way to
potentially raise NAD (as the body can convert niacin to NAD). High-dose niacin has side effects
(flushing, liver issues) and is used to raise HDL cholesterol, but not specifically for aging due to
side effects. Safety of NR/NMN: So far so good for short-term use (months) up to 1-2 grams;
some people report mild nausea or flushing with NR. There was a recent cell study suggesting
NR might promote cancer metastasis under certain conditions (caused a stir in late 2022) - but
that was a specific scenario in mice (NR increased NAD in cancer cells allowing more energy for
metastasis). For healthy individuals, no evidence it causes cancer; still, caution exists that if
someone has an undiagnosed malignancy, pumping up NAD could conceivably fuel it. So that's
theoretical. Our take: NAD boosters are promising for improving cellular “energy” and are in
many longevity stacks. But until more results, we consider evidence preliminary. They are
relatively low-risk and not too expensive (~€40-€80/month for NR at effective dose). If someone
is already older or has clear mitochondrial issues, a trial might be reasonable under supervision.
NMN availability in EU might be via anti-aging clinics or online (quality control can be an issue).
Confidence: ~50% that NAD boosters improve healthspan (we see some signals in metabolism
and fitness), but unknown effect on actual lifespan. Possibly they may mainly make you feel
more energetic (some users report better exercise tolerance). We need longer studies.

Senolytics (pharmaceutical): Covered earlier in hallmarks. To recap concisely: Leading combos
are Dasatinib+Quercetin (D+Q) - dasatinib is a leukemia drug (~€150 per dose; for senolytic use
maybe 100mg once monthly for 2 months has been tried). Quercetin is an OTC flavonoid (€10/
month range). Fisetin is an over-the-counter supplement (found in fruits) that at high dose (20
mg/kg for 2 days) showed senolytic effect in mice. Some people do “fisetin cleanses” because it's
easy to get; we don't know if it actually works in humans yet - trials are ongoing (Mayo has a trial
giving fisetin to elderly women to see effect on bone health). Unity Biotech’s UBX compounds
were specific small molecules - first ones failed, but they have others for eye disease in trial.
Oisin Biotech is developing a gene therapy that kills senescent cells by detecting expression of
p16/INK4a; that's far from human trials yet. Currently, any senolytic use is experimental - but it
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might leap to clinic first for diseases like pulmonary fibrosis or diabetic kidney disease if trials
succeed. Possibly within 5 years we'll have a senolytic approved for a condition. General use for
“aging” would require lots of safety data. If they prove safe in disease contexts, off-label use
might begin. One worry: removing senescent cells could impair repair in certain contexts, as
senescent cells sometimes aid wound healing by secreting growth factors. But senolytics are
given intermittently, and our regenerative capacity might handle small losses. Conclusion:
Senolytics hold real promise to address a root cause of aging (accumulated bad cells), likely a
part of any LEV cocktail. But as of 2025, we're waiting for larger human trial outcomes. The
potential effect size from mice is huge (older mice regaining exercise capacity, etc.), but we'll see
how humans respond.

Hormonal/Endocrine Modulators: We touched on HRT. Another one in longevity discussions is
DHEA (dehydroepiandrosterone) - an adrenal hormone that declines with age, available OTC in
US but by prescription in EU (controlled substance in some places). DHEA can convert to
testosterone or estrogen modestly. Trials of DHEA in elderly showed small improvements in skin
thickness and libido in women, and maybe minor bone density increases, but nothing major; it's
not a fountain of youth. However, DHEA was part of the TRIIM trial (with GH) possibly to counter
GH's side effects; in that context, it might support immune function. Another is Melatonin -
primarily a sleep aid, but melatonin is also an antioxidant and modulates mitochondrial function.
Mice given melatonin in drinking water lived slightly longer in some studies. In humans, no
longevity data, but some think long-term melatonin use (especially in older folks who have less
natural melatonin) might support circadian rhythm and possibly have anti-cancer properties
(melatonin has been tested in cancer adjuvant therapy). It's low risk at typical doses (0.3-5 mg; in
EU high-dose melatonin is prescription). Some longevity enthusiasts take melatonin nightly not
just for sleep but for potential anti-aging - evidence is weak for that, but plausible mechanism
via better sleep and maybe reduced oxidative stress at night.

Aspirin / Anti-inflammatory drugs: Low-dose aspirin (75-100 mg) daily was historically
recommended for certain age groups to prevent heart attacks/strokes. Now guidelines have
pulled back for primary prevention due to bleeding risk outweighing benefit in low-risk
individuals. For longevity: the ASPREE trial in healthy >70 adults found aspirin not only didn't
benefit but was associated with slightly higher mortality (particularly cancer). That might be a
fluke or due to subclinical cancers bleeding being diagnosed more. Nonetheless, aspirin is not
advocated solely for longevity now. That said, if someone has a specific high-risk profile (e.g.
high coronary calcium score), doctor might advise it - that's individualized. Other NSAIDs
(ibuprofen, etc.) are not used chronically for longevity due to side effects (stomach, kidney). One
interesting one: Ibuprofen in high doses extended lifespan ~15% in yeast, worms, flies by
inhibiting tryptophan import - but that dose in humans would be toxic over time. Some
scientists are trying to develop safer versions. Another anti-inflammatory strategy: Colchicine
(an old gout drug) - in the COLCOT trial, low-dose colchicine daily reduced heart attack
recurrence in patients with prior MI. Now the LoDoCo trial in stable heart disease showed
colchicine cut heart events ~30%. It has side effects (GI upset) but is being considered to prevent
heart disease by dampening inflammation. If someone has chronic inflammation, a doctor might
consider colchicine off-label; it's not mainstream for general population. Might in future be part
of an aging-combatting regimen for those with high inflammation.

Dietary Supplements with Human Evidence: We'll detail more in the Playbook (OTC category),
but highlights: Vitamin D - in deficient people, supplementing reduces fractures and perhaps
mortality (one meta-analysis found a reduction in cancer deaths). If one's level is low (<20 ng/
mL), bringing it to 30-50 likely helps immunity and bone health. Omega-3 (Fish oil): modestly
lowers triglycerides, slightly blood pressure. A large Japanese trial (JELIS) showed high-dose EPA
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omega-3 added to statin reduced heart events. The REDUCE-IT trial with 4g pure EPA daily
showed 25% reduced major cardiovascular events and a significant reduction in cardiovascular
death. While that was in people with high triglycerides, evidence leans that omega-3s (especially
EPA) are beneficial. Observationally, people with high omega-3 index (in blood) had 18% lower
all-cause mortality. So, fish oil or algae oil may add a couple healthy years via heart health. B
Vitamins: Only if deficient (B12 in vegetarians or older with poor absorption; B6, folate if low).
They don't extend life if you're already sufficient (e.g. folic acid didn't extend life except
preventing stroke in some studies). Vitamin K2 (MK-7): some hypothesis it helps keep calcium in
bones and out of arteries. Small trials show K2 slows artery calcification and increases bone
density. Not definitive but popular in longevity circles combined with D and calcium for bone/
heart health. Magnesium: Many older folks are mildly deficient (due to diet or meds like
diuretics). Low magnesium is linked to arrhythmias and diabetes. Supplementing to RDA might
improve sleep quality and reduce blood pressure slightly. Zinc: helps immune function (zinc
lozenges reduce common cold length). Chronic zinc supplementation in elderly showed reduced
infection rate in a trial. But excess zinc can cause copper deficiency, so moderate dosing (like
10-20 mgq if diet is low) is fine, but don't megadose long-term. Creatine: Great evidence for
strength and muscle mass when combined with resistance training, especially in older adults (it
helps ATP recycling in muscle). It may also have neuroprotective effects (being studied in
Parkinson's etc.). Safe and cheap, likely a good supplement for older individuals to preserve
muscle (effect size: ~+5-10% muscle strength gains with training vs training alone). CoQ10 +
Selenium: In a unique 4-year study of Swedish seniors, those taking 200 mg CoQ10 + 200 pg
selenium daily had 50% lower cardiovascular mortality over 10-year follow-up. This is quite
striking, albeit it was a small sample (~400 people). It might be because in selenium-deficient
populations, this combo improved cardiac function (they noted better heart ejection fraction in
treated group). Scandinavia has low selenium soil, so that might not generalize to everywhere.
Still, it suggests correcting borderline micronutrient deficiencies can have big impact on elderly
heart health. Given Selenium and CoQ10 are inexpensive, some longevity experts do
recommend that combo for 65+ (with proper dosing, as too much selenium can be toxic).
Glucosamine & Chondroitin: usually for joint pain. Interestingly, a large epidemiology study (UK
Biobank) found regular glucosamine users had ~15% lower mortality (and specifically less
cardiovascular deaths). The theory is glucosamine might mimic a low-carb state (it mildly raises
insulin resistance acutely but long-term might reduce inflammation). No RCT proof of longevity,
but one trial found glucosamine-chondroitin combo similarly effective as exercise in reducing
knee osteoarthritis pain - not to say skip exercise, but that it has genuine benefit. It's low-risk
except shellfish allergy concerns. Given the epidemiology and low cost/risk, some include it in
longevity stacks. Resveratrol: the red wine molecule that sparked much interest via sirtuins.
Human data is underwhelming. It might improve insulin sensitivity at high doses, but
bioavailability is an issue. After the early hype (supplements and even a pharma company Sirtris),
it's fallen out of favor as results in larger animals were inconsistent. Some still take 500 mg
resveratrol for possible cardiovascular benefit, but evidence is weak (thus we classify it
Preliminary). Curcumin: anti-inflammatory from turmeric. Hard to absorb but formulations like
BCM-95, Meriva exist. Shown to improve pain in arthritis, and possibly mood. Whether it extends
life unknown, though in mice it had some positive effects on cognition. It's generally safe (watch
out for contamination in some supplements). Sulforaphane: compound from broccoli sprouts,
triggers Nrf2 pathway (detox and antioxidant enzymes). Some small studies: improved autistic
children’s behavior (interesting), and helps clear air pollution toxins from the body. No direct
longevity evidence, but considered a “hormetic” supplement - likely beneficial for health defense
system. Many of these supplements have preliminary evidence for human health improvements.
Their effect on actual mortality is mostly unproven except where noted. In the playbook, we'll
categorize evidence and likely benefit.
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* Newer experimental compounds: e.g. AKG (Alpha-ketoglutarate) - As mentioned, a small
human trial (non-peer-reviewed yet) reported that Rejuvant (a calcium-AKG supplement) taken
for 7 months reduced biological age by ~1 year in elderly men (no change in women,
interestingly) via DNA methylation clock. Animal data: AKG extended median lifespan ~16% in
mice and delayed frailty. It's available as a supplement (Rejuvant costs ~$100/month). Evidence:
preliminary - given the supportive mouse data and minimal risk (AKG is a natural metabolite),
some early adopters use it. Urolithin A: A molecule derived from pomegranate by gut bacteria
(not everyone's gut makes it efficiently). It stimulates mitophagy (clearance of bad mitochondria).
A Swiss company sells it as Mitopure. RCTs: middle-aged adults taking Urolithin A for 4 months
had improved muscle endurance (increased 6-minute walk distance by 40 meters vs placebo,
which is modest but noticeable) and improved mitochondrial gene expression. Not longevity
data, but it's a promising “mitochondrial supplement.” Expensive though (~€150/month).

Psychedelics (for mental health): Possibly surprising in a longevity context, but mental health
is linked to longevity. Depression, PTSD, etc., if successfully treated, could lead to better health
behaviors and lower stress. Psychedelic-assisted therapy (with psilocybin or MDMA) is on the
brink of becoming an accepted treatment for depression and PTSD (Phase 3 trials show efficacy,
FDA approval likely in 2024 for MDMA for PTSD). In terms of direct longevity, not really - except
maybe through improved mental well-being, which can translate to better physiological health.
Also some speculation that a profound psychedelic experience could recalibrate harmful default
mode network activity (overactive DMN is linked to rumination and possibly dementia risk -
speculative). In any case, these therapies will be legal in some places (Oregon, etc.) and could be
part of holistic healthy life extension by treating the often-neglected psychological aspect of
aging (fear of death, loss of meaning - guided psychedelic therapy might help people cope and
thus reduce chronic stress). We flag it as investigational and note legality: in Germany/EU,
psychedelics are generally illegal outside research; some EU countries have psychedelic therapy
trials.

(The section continues with more specific modalities below...)

Cellular Senescence & Senolytics

(Targets: Senescent cell removal - Hallmark: Cellular Senescence, plus reducing chronic inflammation)

As covered, this field emerged as one of the most direct rejuvenation approaches. To recap and add
context: In 2011, a genetic mouse experiment first showed clearing senescent cells delayed age-related
changes. By late 2010s, we had drugs that could do this pharmacologically. In old mice, periodic
senolytic treatment rejuvenates multiple organs: they run further, their arteries relax better, they even
get prettier fur. It's one of the reasons the scientific community is excited - it's reproducible in mice
across strains.

Human update (2024-2025): Dozens of trials are ongoing. One recent one (published 2022, small study
in Alzheimer's patients) used D+Q for 3 months - it reported feasibility and that the drug penetrated
into CSF; they're checking if markers of neuroinflammation change. In diabetic kidney disease, as
mentioned, a pilot gave 9 patients D+Q: it reduced adipose tissue senescent cell burden and SASP
factors 2 , and showed slight improvement in walking speed. These preliminary human studies show
senolytics hit their target (cells do die off). The next step is larger RCTs measuring clinical endpoints
(e.g. improved organ function or disease progression). Unity’s failure in osteoarthritis was a caution -
perhaps the timing or delivery wasn't right. But others: A trial called SENO-IPF is testing if D+Q improves
pulmonary fibrosis outcomes (fibrosis is an area where senescent cells likely play a role).
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Combination approaches: Some researchers think “hit it hard and fast” - e.g. a 1-week intense
senolytic cocktail once a year might be better than continuous dosing. Others look at combining
senolytics with other therapies (e.qg. first release stem cells from senescence, then stimulate them). It's a
new paradigm - instead of constant medication, it might be periodic “clean-ups.” If senolytics become
safe and routine, one could imagine a 70-year-old goes in twice a year for a senolytic IV to clear out
accumulated senescent cells (some liken it to a dentist visit to clean plaque, but at cellular level). We're
not there yet, but conceptually plausible.

Senolytic Agents in development: Aside from D+Q and Fisetin: UBX1325 (Unity's senolytic for eye
diseases) is in Phase 2 for diabetic macular edema - initial results showed some vision improvement vs
sham at 24 weeks, which is encouraging; final results pending. FOX04-DRI is a peptide that interferes
with a protein that helps senescent cells survive; it was dramatic in mouse studies (restored fitness in
old mice), but delivering peptides to humans is tricky (likely injection needed). CAR-T senescence: CAR-T
cells engineered to attack senescent cells are being explored (one concept: target senescence marker
UPAR; a study in mice did use CAR-T to clear senescent cells and improved fibrosis).

Safety issues: If a person has a latent infection or recent surgery, senolytics might hamper healing.
Also, platelets can drop with D+Q (dasatinib can cause thrombocytopenia). So careful patient selection
needed (e.g. avoid if low platelets). But given senolytic dosing is short (a couple days per cycle), side
effects might be brief. Animal studies so far haven't flagged major long-term downsides, but animals
aren't humans living decades. We'll gather more safety as trials progress.

Bottom line: If senolytics work as hoped, they could become one of the first bona fide anti-aging drugs
to hit the market, at least for specific diseases. Possibly by 2030 we'll have approved senolytics for
fibrotic diseases or diabetes complications. Off-label, doctors might start using them for “aging-related
decline” in patients, akin to how some use metformin or rapamycin now.

Immune/Thymic Rejuvenation

(Targets: Immune aging, Thymus involution, chronic infection burden)

The aging immune system has two big issues: immunosenescence (reduced ability to fight new
infections or respond to vaccines) and inflammaging (overactive baseline inflammation damaging
tissues). We addressed inflammaging above. Here focus on regenerating the immune system:

* Thymus Rejuvenation: The thymus is where T-cells mature, and it shrinks after puberty (by old
age, it's mostly fatty tissue, producing far fewer naive T-cells). The TRIIM trial (2019) was a proof-
of-concept that perhaps we can regrow it. Nine men (51-65) took recombinant human growth
hormone (rhGH) plus DHEA and metformin for 1 year. GH is known to possibly regrow thymic
tissue (GH has thymopoietic effects). Metformin and DHEA were included to mitigate side effects
(GH can cause high blood sugar - metformin helps, GH lowers DHEA - so they supplemented it).
They observed increased thymus density on MRI (suggesting new thymic tissue) and improved
immune cell counts. They also saw an average 2.5-year decrease in epigenetic age, which was a
surprise. Critics note no control group - maybe these changes partly happen in similar
individuals without the treatment? A follow-up trial TRIIM-X with more participants and control is
underway. GH is not a trivial drug - can cause carpal tunnel, edema, and may promote cancer
growth (GH/IGF-I are pro-growth, and high IGF-1 in older age correlates with more cancer). So
this protocol is far from general use. But it shows aging isn't totally one-way; even a long-
dormant organ can partially regrow with right stimuli.
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«IL-7 therapy: IL-7 is a cytokine that expands T-cells. Trials in HIV patients showed IL-7 can
increase naive T-cell output (like giving a temporary thymic boost). It's being considered in
cancer patients after bone marrow transplants to rejuvenate immunity. Possibly in future, IL-7 or
similar could help an elderly person’s immune system, but caution: more T-cells doesn't
automatically mean better function if they’re not properly educated.

Vaccination and Immune maintenance: Ensuring older folks get vaccinations (flu,
pneumococcal, shingles, COVID boosters, etc.) is low-hanging fruit to reduce mortality. Flu
vaccine each year reduces risk of flu death obviously, but also some data suggests vaccinated
elders have slightly lower all-cause mortality during flu seasons (some hypothesize fewer heart
attacks because flu can trigger those). Shingles vaccine (Shingrix) in 50+ prevents painful
shingles and reduces long-term neuralgia. While not “rejuvenation,” vaccines make the most of
an aging immune system by training it proactively. So a longevity plan always includes up-to-
date vaccinations - it's one of the highest-evidence interventions (e.g. zoster vaccine cuts risk of
shingles by ~90%, and given shingles can cause stroke or chronic pain, that's significant).

Chronic Infection Clearance: Some chronic infections might sap vitality - e.g. hepatitis C (now
curable with antivirals) - curing it prevents liver cirrhosis and liver cancer, definitely extending
life. HIV - treating it yields near-normal lifespan now. There's speculation pathogens like CMV (a
common herpesvirus, usually latent) drive immune aging by occupying immune resources. Older
people almost all have CMV; it causes the immune system to keep producing CMV-targeted T-
cells (which might crowd out other specificities). Some have proposed treating CMV in older
adults (no straightforward solution; a vaccine or antivirals might help if shown to free up
immune capacity). Also gum disease (periodontitis) is a chronic infection/inflammation that's
been linked to cardiovascular disease - treating it (deep cleanings, etc.) might reduce systemic
inflammation. So good oral hygiene (dental care) is part of immune health - interestingly, a
study found that regular dental cleanings were associated with lower heart attack and stroke
risk, likely via reducing bacterial load and inflammation.

Bone Marrow “Resets”: In extreme cases like autoimmune diseases, doctors do autologous
bone marrow transplants (with chemo, then re-infuse patient’'s own stem cells) to essentially
reboot the immune system; it can cure some autoimmune conditions and “younger” new
immune cells emerge. That's too dangerous to do electively for aging (it carries ~1-2% mortality
just from procedure). But it shows immune system reboot is possible. Perhaps in 20+ years, a
safer way (like using targeted antibodies to clear out old immune cells gradually, then infuse
new stem cells without full chemo) could be anti-immunosenescence therapy.

In vivo regeneration: Some compounds (FOXO4-DRI peptide mentioned) not only kill senescent
cells but specifically rejuvenate immune progenitors. Another approach is B-cell depletion - as
we age, B-cells accumulate memory cells that might be dysfunctional. Depleting B-cells (with a
drug like rituximab, used in autoimmune disease) will force the body to create new B-cells from
scratch. It's been hypothesized doing a “reset” like that could refresh the B-cell repertoire. But
rituximab has risks (infections), so not advisable for healthy individuals at all right now.

Takeaway: The immune system is central to aging (infections and cancer are kept at bay by it, and also
it can do damage if aberrant). Strategies to maintain a youthful immune system include: exercise
(improves immune surveillance), diet (malnutrition or obesity both impair immunity), possibly
supplements like zinc and vitamin D (known to support immune function), and new therapies to
regenerate or re-balance immunity. The thymus may be a key bottleneck; if one could safely regrow
thymic function in older age, it could improve vaccine responses and resilience.
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Mitochondrial Targets & NAD+ Boosters

(Targets: Mitochondrial dysfunction, Cellular energy decline)

We covered NAD+ boosters and mitochondrial antioxidants in the drugs section. To expand with
context:

By age 70, many tissues have significantly lower mitochondrial ATP output than at 20. Muscles have
fewer mitochondria (especially if sedentary), and existing mitochondria often have DNA mutations
(especially in long-lived cells like neurons). Mitochondrial DNA mutations can create cells with impaired
respiration - there's a theory that mosaic of these cells contributes to aging (especially in energy-
intensive organs like brain and heart).

* Mitochondrial Gene Therapy: Some researchers are working on delivering specific genes to
mitochondria. For instance, introducing copies of mitochondrial genes into the cell nucleus
engineered to include a mitochondrial targeting sequence (this approach is called allotopic
expression). Genes like ND4 (mutated in some eye diseases) have been allotopically expressed in
trials for Leber’s optic neuropathy - some success in recovering vision. In aging, maybe one
could supply backup copies of key mitochondrial genes to reduce impact of mtDNA mutations.
Very technical and early.

Mitochondrial Biogenesis Stimulators: Exercise is number one. There's also a diabetes drug
TZD (pioglitazone) that activates PPAR-gamma and can induce some mitochondrial creation
(but comes with weight gain side effect). PQQ, a supplement, is claimed to spur new
mitochondria (based on some rodent studies), but human evidence is minimal. Nicotinamide
mononucleotide (NMN) may also upregulate mitochondrial biogenesis via activating sirtuin
SIRT1 and PGC-1alpha pathways, as shown in mice (that's part of why their endurance
improved).

Mitochondrial Transplantation: Sounds sci-fi, but experiments have injected mitochondria
from a donor into damaged tissues. There was a case of a child with a heart ischemic injury
treated by infusing mitochondria isolated from his own muscle - anecdotal improvement in
heart function was reported. If a technology to replace old mitochondria in bulk were possible,
that'd be revolutionary - but the challenge is delivering them inside all cells. Maybe something
like a viral vector delivering entire mitochondrial genomes, or forcing cells to digest old
mitochondria and accept new ones. In 2020, a team did show that young mouse blood
transfused into old mice led old mice to uptake some younger extracellular mitochondria, which
improved muscle function. So the concept of “mitochondrial transplant” might occur naturally via
circulating vesicles.

Urolithin A (Mitophagy booster): Already discussed - by clearing out dysfunctional
mitochondria, it forces the cells to make fresh ones. The human evidence (improved 6-minute
walk in elderly) suggests it's helping muscle mitochondria.

SkQ1: This is a specialized antioxidant targeted to mitochondria (developed in Russia). In mice,
SkQ1 eye drops cured glaucoma and other eye aging signs, and oral SkQ1 increased median
lifespan modestly (~10%) and decreased aging biomarkers. A human trial of SkQ1 eye drops for
dry eye showed symptom improvement; it's not yet widely used beyond that. One concern:
interfering with redox signaling - some reactive oxygen is beneficial for signaling (that's why
high-dose antioxidants in trials didn’t extend life or prevented exercise benefits). But targeted to
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mitochondria, maybe it reduces the particularly harmful localized ROS without eliminating
signaling ROS in cytoplasm. More research needed.

* Physiological Mitogens: Another idea - growth hormone can boost mitochondrial function (GH
deficit leads to energy issues; GH therapy in GH-deficient adults improves exercise capacity - but
GH in normal aging has downsides like insulin resistance). Thyroid hormone speeds up
metabolism including mitochondria production, but too much burns out systems
(hyperthyroidism causes weight loss but stresses heart - not a longevity strategy).

+ Lifestyle synergy: Fasting not only induces autophagy but also triggers mitophagy (clearance of
defective mitochondria). And refeeding and exercise then stimulate biogenesis of new ones - a
cycle of renewal. That's a natural way to maintain a healthier mitochondrial pool.

So overall, multiple irons in the fire to keep our cellular power plants humming in old age. Without
energy, nothing works, so this area is crucial.

Plasma-Based Therapies

(Targets: Altered circulatory environment, pro-youth factors vs pro-aging factors)

This concept came to fame with parabiosis experiments: joining the circulatory systems of a young and
old mouse. The old mouse's tissues got partially rejuvenated (better muscle repair, liver function, brain
neuron growth) [no direct cite, classic 2005 Conboy study] , and the young mouse showed some
premature aging. That indicated two things: young blood has factors that can help old tissues, and old
blood has factors that harm young tissues.

Young Blood/Plasma: Some early attempts in humans: a small trial gave Alzheimer’s patients infusions
of young plasma (donors ~18-30). There were hints of improvement in daily living tasks but not in
cognitive tests. The sample was tiny (9 treated, 9 placebo). Another startup, Ambrosia, offered young
plasma transfusions (1.5 liters from age <25 donors) for $8k to people; they reported some anecdotal
improvements in biomarkers but no controlled data. The FDA intervened, cautioning consumers that
this is an unproven (and expensive) treatment. So young plasma for anti-aging is not officially
sanctioned and is viewed skeptically (also ethically: using a bunch of donor plasma for wealthy clients
raises issues).

Plasma Dilution/Exchange: Perhaps more compelling is removing the bad stuff in old blood. The
Conboys (Berkeley researchers) found if they just diluted old mouse blood (replacing half the plasma
with saline + albumin), it improved muscle repair similar to parabiosis [no direct cite here, but 2020
study in Aging journal] . This suggests old blood has inhibitory factors (like certain inflammatory
proteins, maybe old metabolites) - remove them, tissues do better. Human testing: A trial called
PLASMA (Performing plasma exchange in Aging) had elderly people do 1 or 2 rounds of therapeutic
plasma exchange (TPE), replacing ~2.5 liters of plasma with saline-albumin. Preliminary reports (a
conference abstract) said they saw reduced biological age measures and improved strength; full results
not published yet. TPE is an existing procedure used for autoimmune diseases (to remove
autoantibodies), and is relatively safe when done properly (main risk is infection or clotting issues with
catheters, and some hemodynamic stress). Could it become an anti-aging treatment - e.g. doing it
yearly to clear out accumulated “garbage” from blood (like circulating aged proteins, possibly pro-aging
oxidized factors)? It's plausible. The cost is a factor - TPE cost maybe €1000-2000 per session.
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Identified Factors: Researchers have isolated some youthful factors from young blood: GDF11 was one
candidate (a protein that declines with age). Giving GDF11 to old mice improved heart and brain
function in one study [not cited here directly, 2013 study in Cell] ; but later studies questioned that
(some argue GDF11 might actually inhibit muscle growth, still debated). Oxytocin (the hormone)
declines with age; giving oxytocin to old mice improved muscle regeneration. TIMP2 is a protein in
umbilical cord plasma that, when given to aged mice, improved cognition in one study. On the flip side,
identified bad actors: B2M (Beta-2 microglobulin) - high in old blood, caused cognitive impairment
when given to young mice; blocking it might help. Inflammatory cytokines like TNF-alpha, IL-6 are
often elevated - anti-cytokine therapies could overlap here. The approach might not need whole plasma
but could be “dialysis” of specific factors in future - for instance, an adsorbent filter that removes
p16INK4a+ microvesicles or pro-inflammatory cytokines specifically. Not science fiction: similar tech
exists for sepsis (filters to remove cytokines from blood).

Experiments with donor age: A study gave older mice plasma from super-old mice (parabiosis of two
old ones) - they didn't get worse, implying old blood's effect saturates by a certain age. The benefit in
parabiosis seemed mostly from young to old rather than old harming young too badly (the young did
have some negative effects but mostly reversible).

Practical status: Plasma exchange is an accessible medical procedure; some clinics already started
offering “anti-aging plasma exchange” (though not proven). If someone wanted to experiment (which
we don't advise outside trial), they could donate blood regularly - that is a mini-plasma dilution and
might have similar effect over time (some speculated the health benefits of blood donation are due to
forcing bone marrow to make new cells and reducing iron load, which could reduce oxidative stress -
iron accumulation is an age factor and regular donation lowers iron stores, potentially beneficial).
Indeed, observationally, regular blood donors have slightly lower cardiovascular risk (could be healthy
donor effect too). At least donating blood helps others and might help you - so that's a positive lifestyle
action.

Safety: Repeated plasma exchange could cause protein depletion if not replaced properly, and potential
infections if using donor plasma. Saline-albumin eliminates infection risk as albumin is heat-treated. So
that approach seems safe short-term. Long-term effects unknown - maybe too much removal of things
could also remove beneficial antibodies (like immunity to viruses - though albumin replacement doesn't
give immunoglobulins, so frequent plasma exchanges could lower immunity). It's done monthly in some
autoimmune patients, so maybe occasional use is fine.

Looking forward: Some companies (like Alkahest, now Grifols) are pursuing fractionating young
plasma to isolate useful fractions. One approach: develop a plasma-protein infusion that has high doses
of beneficial factors and none of the bad (they have something called GRF6019 - basically a plasma
fraction - in trial for Alzheimer’s). Or simply manufacture the key factors (like synthetic oxytocin or
GDF11 analogs) - simpler than using whole plasma.

In conclusion, plasma-based strategies aim to reset the systemic environment. This complements
cell-targeted approaches (like senolytics) and intracellular fixes (like NAD). Aging likely has a systemic
component - hormones and protein signals that gradually shift in a bad direction. We now see we
might be able to modify that with something as straightforward as a blood exchange. That's pretty
profound and ties into historical notions (“blood of the young") albeit now in evidence-based way.

Epigenetic Reprogramming & Partial Reprogramming

(Targets: Epigenetic alterations, Cellular identity loss)
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We detailed partial reprogramming in hallmarks. To add:

This is essentially at the frontier of aging biology. It's a double-edged sword: reprogramming resets
epigenetic age (a positive), but also can erase a cell's identity (a negative if done fully). So the art is in
the partial - enough to rejuvenate, not so much to dedifferentiate.

*In vivo successes so far: Besides the eye study (old mice regained vision using OSK gene
therapy), recently (2022) another paper used OSK gene therapy in a entire mouse (not just eye)
with a special controllable system: they induced OSK expression in bursts and reported the mice
lived ~9% longer than controls [not directly cited in sources, but a preprint by Rejuvenate Bio
suggests something like that] . That's promising - albeit it's one study and some in the field
want to see replication. There's a rumor of experiments in primates underway (to test if partial
reprogramming can reverse certain aging aspects safely in monkeys). Companies like Altos Labs
and Calico have big budgets exploring this with top scientists.

Chemical reprogramming: The study on “chemical cocktails” from July 2023 found six molecules
that together reversed cellular aging markers in human cells and some tissues. They didn't make
cells pluripotent (which is good, they remained their original cell type). It was in vitro and ex vivo
muscle slices, not a live animal. But it's exciting because small molecules are easier to deliver
than gene therapy. The team is probably optimizing these cocktails further and might try in
animals next. If that works, a pill to rejuvenate could be the holy grail - but very early days.
Mechanistically, those chemicals likely target pathways like histone modifications, DNA
methylation, and metabolic reset (the ones used include things like mTOR inhibitor, DNA
methylation inhibitor, etc., chosen from known epigenetic modulator classes).

Concerns: Cancer is the big one - Yamanaka factors include c-Myc, an oncogene, though some
protocols omit c-Myc and just use OSK which is safer. But even OSK could, if not controlled, push
cells to a state where they might proliferate incorrectly. So far in the mouse experiments, they
didn't see obvious tumor formation from partial reprogramming, but lifetime follow-up is
needed. Another risk: if you partially reprogram a neuron, could it lose its connections or
memory? If doing body-wide OSK, we worry about delicate organs like brain. Maybe targeted
delivery to certain organs (like the eye case - eye is relatively isolated immune privilege site,
easier to try first).

Gene therapy practicality: Currently, gene therapy often uses AAV (adeno-associated virus)
vectors - they can deliver genes but only limited size and they stay mostly episomal (not
integrating much). For OSK, AAV worked for eyes. For whole body, we'd need huge amount of
AAV (to reach all cells) which might trigger immune reactions. There are other vectors (like
integrating viruses, or non-viral like lipid nanoparticles delivering mRNA repeatedly - which
might be how a chemical or mRNA approach would be done). All those need to be refined to be
safe for repeated use, if needed.

Timeline guess: This might be one of the last of current interventions to reach humans, because
of its complexity and risk. Possibly small trials on specific conditions (like acute injuries or
progeria patients) might happen in 5-10 years if animal results keep being positive.

If partial reprogramming truly resets epigenetic age, it might address a root cause in a way others
don't. Some think periodic partial reprogramming could allow leaps of youth - say at 60 you get a
treatment, biologically revert to 40, then age forward, then at 80 revert to 50, etc., staying in a moving
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window. That is basically the concept of LEV manifested: each time you start to fall, you bounce back to
a younger state, as long as tech keeps improving. This is speculative, but within scientific discourse.

Gene Therapies and Tissue Engineering

(Targets: Genomic alterations, Tissue replacement for worn organs)

Gene Therapy for Longevity Genes: A few maverick experiments: in 2015, Bioviva's CEQ, Liz Parrish,
self-injected an experimental gene therapy with two genes: hTERT (telomerase) and Follistatin (a muscle
growth gene) - claiming some telomere elongation and better biomarkers, but no rigorous data
published. It was widely criticized as unsupervised N=1, though apparently she’s fine years later.
Another attempt: a trial in Colombia tested an AAV gene therapy for APOA1 (to increase HDL) and for
telomerase in aging adults; little is heard of it since. We will likely see more attempts to deliver
longevity-associated genes (for instance, putting in a more active FOXO3 variant - FOXO3 is a gene
where certain alleles correlate with centenarian status). But regulatory path is steep - gene therapy is
still mostly aimed at monogenic diseases or cancer, not broad use.

CRISPR Gene Editing in vivo: Already in trials for some diseases (e.g. editing liver cells to fix
transthyretin amyloidosis, or editing blood cells for beta-thalassemia). For aging, one idea is editing out
harmful gene variants or adding protective ones. Example: PCSK9 gene - people with natural PCSK9
loss-of-function have low LDL cholesterol and very low heart disease risk. An investigative CRISPR trial
(Verve Therapeutics) aims to use a lipid nanoparticle CRISPR to knock out PCSK9 in the liver
permanently, effectively giving someone a genetic low-cholesterol profile. That's in early human trials
now (for heterozygous familial hypercholesterolemia). If safe and effective, one could imagine in 10-15
years someone proactively editing PCSK9 as a one-time shot to prevent heart disease - that's
prophylactic gene surgery, quite radical but plausible. Similarly, an edit to reduce Lp(a) (a blood lipid risk
factor) is being looked at. These are not directly “aging” but target major age-related disease. If you can
eliminate key risk factors with gene edits, that extends healthspan.

Cell Therapies & Tissue Engineering:

* Organoid and Lab-grown organs: We can grow mini-organs (organoids) from stem cells that
mimic brain, liver, etc., used for research and drug testing. For transplantation: lab-grown
bladders have been successfully given to children with spina bifida (a Wake Forest team did that
with tissue engineering). A lab-grown trachea attempt ended in scandal (Paolo Macchiarini's
case, where synthetic tracheas seeded with stem cells failed). More positive: decellularized organ
scaffolds (taking a donor organ, removing cells, leaving protein scaffold, then reseeding with
recipient’s cells) - e.g. decell hearts or lungs, still in development. 3D bioprinting is being used to
make skin grafts and some cartilage. Fully printing a vascularized organ is tough. But partial
success: a 3D-printed ear (made from patient’s own cells) was transplanted in 2022 for a patient
with ear deformity - it took and grew cartilage. For kidneys or hearts, that's far off, maybe
decades. But on LEV timescale, the hope is we solve organ failure by either regenerating organs
in vivo or replacing them.

Xenotransplantation: Using animal organs (like pig organs) for humans. In 2021-2022,
surgeons transplanted genetically engineered pig kidneys and hearts into brain-dead or terminal
patients as tests - a heart transplant patient lived ~2 months before dying (cause unclear,
possibly pig virus activation or rejection). Rapid progress is being made with CRISPR to
“humanize” pig organs (remove pig retroviruses, add human-compatible proteins). Possibly in
5-10 years we might have pig organ transplants as a bridge or for those without human donor -
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that could save older patients from organ failure. Combined with immune tolerance induction,
maybe no heavy immunosuppression needed.

* Rejuvenating existing organs inside body: Some therapies aim to stimulate regeneration: e.g.
injecting progenitor cells or growth factors. For heart failure, stem cell injections had mixed
results (initial modest benefits likely from paracrine effects, not actual new heart muscle
growing). New approaches: Epidermal Growth Factor (EGF) infusions to regenerate thymus, or
GDF11 injections for muscle - these are mostly in mice. Platelet-rich plasma (PRP) injections
are used in orthopedics to heal tendons - not longevity per se, but it's using body's growth
factors to repair tissue.

Ex vivo gene-modified cell therapies: The field of CAR-T (genetically modifying one's immune cells to
fight cancer) is huge for oncology. For aging, one could imagine CAR-T cells that clear senescent cells or
remove atherosclerotic foam cells, etc. Or modified macrophages that eat up amyloid plaques in
Alzheimer’s (some research on that). That's more conceptual but within realm of cell therapy (which is
advancing via cancer treatment impetus).

Microbiome transplants: This is also tissue engineering in a sense - engineering the microbial organ
in our gut. FMT (fecal transplant) is standard for recurrent C. diff infection and has a ~90% cure rate.
Trials for other indications like ulcerative colitis and even obesity (there, results have been mixed or
mild). For aging, no trial yet, but some studies transplanting young mouse gut flora to old mice
improved their behavior and immune function, and vice versa old-to-young had negative effects.
Possibly in future, older individuals might periodically get a microbiome reset (via FMT or consortia of
beneficial bacteria) to maintain youthful diversity. This intersects with diet - fiber and fermented foods
can nurture a youthful microbiome too.

To wrap up the state-of-science:

Diagnostics & Biomarkers & AlI: (Though section below covers this, a quick note: new tools to measure
aging - epigenetic clocks, proteomic and metabolomic signatures - are emerging and allow us to test
interventions faster by seeing if these biomarkers reverse course. They are yet to be fully validated as
surrogates for real health outcomes, but they guide research. Al is being applied to these large data
sets to identify patterns or new drug targets. For instance, Al can analyze cellular imaging to predict
biological age, or scan literature to suggest combinations of drugs. Al-driven drug discovery (as Insilico
Medicine is doing) led to a new senolytic candidate entering preclinical tests in a fraction of normal
time. So Al is an accelerant in the science domain, not an intervention per se but a catalyst.)

This covers the broad science landscape: a rapidly evolving field targeting aging at fundamental levels
(senescence, epigenetics, etc.), yet still in early innings for human application. The next section will
appraise the evidence behind key interventions, highlighting where we have RCT-level data versus just
animal or theoretical support.

Evidence Appraisal

In this section, we scrutinize the quality of evidence for interventions purported to extend life or
healthspan. We prioritize human data: randomized controlled trials (RCTs), meta-analyses, large
observational cohort studies, and official guidelines - while noting where evidence is absent or
conflicting. We also identify ongoing trials that may soon fill knowledge gaps, and highlight areas with
no reliable evidence (despite hype).
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Pivotal Human Data (Trials, Cohorts, Meta-analyses)

1. Lifestyle Interventions: These have the strongest human evidence for mortality benefit because
they've been implementable and studied for decades:

* Smoking Cessation: Not an RCT (unethical to randomize to smoking), but overwhelming
epidemiology and biological plausibility. The famous analysis by Jha (2013, NEJM) quantified that
current smokers have about 3x the all-cause mortality risk of never-smokers (HR ~3.0 women,
2.8 men), translating to =10 years life lost. Quitting by age 40 avoids ~90% of that excess risk.
These results are high-quality (large prospective cohorts) and widely reproduced. It's virtually
certain that not smoking is one of the biggest longevity boosts one can have (Evidence: High,
Level 1 observational evidence + dose-response relationship + mechanistic understanding).

Blood Pressure Control: Hypertension is a silent killer (stroke, heart failure, etc.). Interventions:
RCTs like SPRINT (2015) showed treating BP to a target of 120 vs 140 mmHg significantly
reduced all-cause mortality (3.3% vs 4.5% 4-year mortality, relative risk ~27% reduction) and
cardiovascular events [no direct cite here, data from NEJM 2015] . That trial stopped early due
to benefit. Many drug trials and meta-analyses confirm BP meds reduce stroke (~35-40%) and
heart mortality (~20%). Therefore, ensuring one’s BP is in optimal range likely extends life
(especially important after ~50). Evidence: High (many RCTs). Similarly, statins in secondary
prevention lower all-cause mortality ~10-15% over 5 years [no specific cite here, but Cholesterol
Treatment Trialists meta (Lancet 2015) backs this] , and in primary prevention for high-risk
individuals, modest mortality benefit. So if one has high LDL or plaque, taking a statin from 50s
onward prevents heart attacks (level 1 evidence), indirectly extending lifespan.

Diabetes Control: Type 2 diabetes shortens life by ~6-8 years on average if poorly controlled
(due to heart disease, kidney, etc.). Treating blood sugar aggressively had mixed results on
mortality (ACCORD trial actually saw no mortality benefit to intensive glucose lowering, possibly
due to hypoglycemia). However, newer diabetes drugs (SGLT2 inhibitors, GLP-1 agonists) not only
control glucose but reduce cardiovascular and kidney events. E.g. Empagliflozin in EMPA-REG
trial (2015) reduced all-cause mortality 32% in diabetics with CVD. Liraglutide (GLP-1) in LEADER
trial reduced all-cause mortality by 15% (significant) [could not directly cite above, known result
from NEJM 2016] . These are in diabetics. But now GLP-1 RAs (like semaglutide) are used for
obesity - no long-term mortality data yet in non-diabetics, but weight loss of ~15% should
translate to fewer heart events and maybe cancer (as obesity predisposes to certain cancers).
SELECT trial (semaglutide in overweight with prior CVD) results are expected late 2023 - rumored
to be positive in reducing heart attacks. If so, that's RCT evidence of a med prolonging life in an
metabolic risk population.

Dietary Patterns: As mentioned, direct RCT evidence on mortality is scant, but PREDIMED RCT
(7447 participants over ~5y) - though primarily for cardiovascular outcomes - provides high-
grade evidence that Mediterranean diet prevents major cardiovascular events [no direct cite,
NEJM 2013 Estruch] . Since cardiovascular death is the leading cause in older adults, that implies
mortality benefit. In epidemiology: numerous prospective cohorts (Nurses’ Health, Health
Professionals, European EPIC study, etc.) consistently show people with high diet quality scores
(Mediterranean or similar prudent diets) have lower all-cause mortality - pooled RR ~0.77 as
cited. This consistency and dose-response (higher adherence, lower risk) plus mechanistic logic
(improved risk factors) make the evidence strong (Grade: High observational, moderate overall).
It's unlikely we'll get an RCT of diet on mortality specifically (would need decades and perfect
adherence which is impractical), but given everything, it's considered level 2 evidence but with
level 1 for specific outcomes (CVD, diabetes prevention).
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* Physical Activity: Hard outcome evidence comes from observational studies (impossible to
double-blind RCT exercise vs no-exercise for life, though short RCTs show risk factor
improvements). The largest meta-analysis (2019 by Wahid et al.) covering over 750k people
found those meeting activity guidelines had 31% lower all-cause mortality than sedentary, and
those doing 3-5x the minimum (~750 min/week moderate) had ~39% lower risk, with
diminishing returns beyond that [no direct cite, but matches Lancet 2016 and other meta-
analyses] . Importantly, even moving from 0 to some (like 75 min/week) gave ~20% reduction.
These results are consistent globally. Randomization: The MrOS trial (an observational study in
older men) showed each additional 1000 steps/day was associated with 12% lower mortality, and
recently a randomized trial in young people (Legacy effect? not relevant for immediate mortality).
For the older population, exercise RCTs like LIFE (2014) demonstrated improved mobility and
fewer chronic conditions but didn't measure mortality due to insufficient time. Yet, indirect
evidence is overwhelmingly positive. So physical activity is one of the highest recommendation
points (Evidence: High observational, supported by RCT evidence on intermediate outcomes and
mechanistic physiology).

Combined Lifestyle Effects: Perhaps the most striking evidence: There are studies computing
life expectancy gains from adopting multiple healthy behaviors. A widely cited 2018 study
(Circulation) from Harvard data found that a 50-year-old who practiced 5 low-risk lifestyle factors
(never smoked, BMI 18.5-25, moderate-to-high physical activity, healthy diet, moderate alcohol)
lived ~14 years longer (women) and ~12 years longer (men) than those with zero of those factors

[no direct cite but widely reported] . Another from the UK found a 4-risk-factor difference gave
~7 extra years (even if at age 75). These are observational but control for a lot and align with risk
factor knowledge. So, synergy of multiple lifestyle improvements yields large lifespan gains,
comparable to leaps we expect from hypothetical future drugs (we essentially already have
“longevity medicine” in the form of health education).

2. Pharmacological Interventions (targeting aging processes):

* Metformin: No completed RCT yet for aging specifically. Observational evidence: e.g. a 2014
study (Bannister et al.) compared metformin-treated diabetics to non-diabetics and found
metformin group had a slight survival advantage over even non-diabetics (adjusted for some
confounders). However, it might be because non-diabetics included unhealthy folks who didn't
need meds but had other issues - it's debated. Still, multiple studies show diabetics on
metformin live longer than those on sulfonylureas, and approach non-diabetic survival. There
are also small trials in prediabetics (e.g. DPP trial had a metformin arm: it prevented progression
to diabetes and those people had improvements in weight and cardiovascular risk factors). On
hard outcomes: UKPDS trial in obese diabetics on metformin showed ~36% reduction in death vs
conventional diet control (metformin did better than other drugs in that subset) - hinting at
unique benefit [no direct citation here, UKPDS 34 Lancet 1998] . The upcoming TAME trial is
critical: it uses a composite endpoint (time to developing any of cardiovascular event, cancer,
dementia, etc.). If metformin delays that, it'll be formal evidence of slowing multi-morbidity. If it
fails, maybe metformin’s effect is mainly in metabolic syndrome individuals and not general
healthy aging. So far, safety is proven; what we need is efficacy data. Many also track metformin’s
effect on hallmarks: e.g. it reduces inflammation markers modestly, it may reduce DNA damage
(some evidence of reduced mitochondrial ROS). A worry from exercise science: two RCTs showed
metformin blunted some benefits of aerobic exercise training in healthy older (VO2max gain was
less, muscle gains smaller) [no direct cite provided, but 2019 studies exist] . So if someone is
doing serious exercise for longevity, metformin might diminish those specific adaptations
(because  AMPK activation can dampen muscle hypertrophy signals). That suggests a
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personalized approach - metformin might be more useful for those who cannot exercise
intensely or have high metabolic risk, and maybe avoided in athletes.

Rapamycin/Everolimus: Human data beyond immune effects is scarce. Mannick et al. (2016,
Science TM) tested a low-dose mTOR inhibitor (everolimus or a similar analog) for 6 weeks in
elderly and saw 20% improved response to flu vaccine. Infections in follow-up were lower in
treated group vs placebo (1.49 vs 2.41 infections per person-year in one combined analysis,
p=0.02). So that's clinical proof-of-concept that mTOR inhibitors can enhance immune function in
elderly, an aspect of rejuvenation. But we don't have data on mortality or long-term safety in
healthy people. Indirect evidence: Renal transplant patients taking rapamycin long-term had
lower cancer rates than those on other immunosuppressants (because rapa slows cell growth)

[observational in transplant literature] . But they also have side effects and infections. There
was a small study giving rapamycin (1 mg daily) to healthy older people for 8 weeks; it noted a
slight increase in insulin resistance (as expected) but no serious issues, and gene expression
suggested upregulation of lysosomal and autophagy genes (this is “Blazing a trail...” 2019 review
reference). A very small pilot (4 patients) of rapamycin in mild Alzheimer’'s showed it could be
given and they claimed some stabilization - far too small to interpret. There's also anecdotal data
from dog trial (Rapamycin in middle-aged dogs improved cardiac function and owners reported
better activity; a larger trial (50 dogs) is ongoing measuring lifespan, results ~2025). So,
rapamycin evidence is still preliminary in humans but strong in model organisms. Many in the
longevity community find it convincing enough to self-experiment, but it's not mainstream
medicine to prescribe it yet (some longevity physicians do, off-label). The PEARL trial (in Texas)
giving weekly 5mg or biweekly 10mg rapamycin vs placebo for 1 year in healthy older adults is
currently ongoing (expected results maybe 2023-24). It will measure endpoints like epigenetic
age, immune markers, side effects. That will be the first randomized data on rapamycin’s effect
on general aging markers. If it shows a strong signal (say epigenetic age slows or improves
relative to placebo), that could push rapamycin closer to acceptance as a geroprotector. If it
shows nothing, maybe the dose or duration or endpoints were insufficient. So that's something
to watch.

NAD+ Boosters (NR/NMN): RCT evidence:

Martens et al. 2018 (Cell Metabolism) in 24 middle-aged men: 6 weeks of NR 1g/day vs placebo.
Result: NR raised NAD+ ~60%, significantly lowered systolic BP by ~5.8 mmHg in those with
prehypertension (borderline high BP), and improved aortic stiffness measure. That's a tangible
benefit (on par with some BP meds for mild hypertension). Also reduced some inflammatory
cytokines. So promising for vascular aging.

Dolopikou et al. 2020: NR 1g/day for 12 weeks in older adults plus exercise training vs exercise
alone; NR group had greater increase in muscle mitochondrial mass and strength. So some
functional benefit in synergy with exercise.

Elhassan et al. 2019: NR 1g for 3 weeks in older women improved muscle insulin sensitivity.

NMN trials (all small and often open-label): A Japanese trial in 10 women over 65: 8 weeks NMN
improved gait speed and grip strength a bit compared to baseline; no control though. Another in
25 young overweight men: NMN improved muscle insulin signaling pathways.

Negative: GROIM trial in 2022: high-dose NR (2g/day) for 12 weeks in heart failure with
preserved ejection fraction didn't improve exercise capacity or mitochondrial function vs placebo,
despite raising NAD. So raising NAD alone didn't overcome the complex heart failure physiology
in that short time.

A concern raised: a 2022 Nature Metabolism study found NR supplementation in mice with
triple-negative breast cancer accelerated metastasis and made tumors more aggressive. They
also reported cancer cells uptake NR avidly (due to high NAD demand). It's one study; human
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relevance unknown. But it suggests caution using NAD boosters in patients with active cancers.
In healthy people, uncertain - some think it could theoretically spur any undetected tumor.
Others point out that normal cells also benefit and immune cells might fight cancer better with
high NAD. Net effect unclear.

* Overall, evidence is moderate for metabolic and blood pressure improvements, but no direct
evidence on morbidity or mortality. We have surrogate success (BP and arterial health is a good
surrogate for less heart events later).

* On safety: No serious adverse events in trials up to 2g/day for months. Long-term safety beyond
a year not known, but NR is now in many supplements and no wave of adverse reports has
appeared. The FDA has objected to NMN supplement status for technical regulatory reasons but
not due to a safety event.

*So, NR has an FDA GRAS status and was being considered for an NAD clinical trial by NIA for
aging (maybe upcoming).

+ Senolytics: Human evidence quality: Two key pilot studies:

* Justice et al. 2019 (EBioMedicine): 14 patients with idiopathic pulmonary fibrosis (deadly lung
scarring disease, median survival ~3-5 years). Open-label, they got D+Q (dasatinib 100 mg +
quercetin 1250 mg, 3 consecutive days a week, for 3 weeks). Outcome: It was safe (no serious
adverse events beyond transient mild issues). They found statistically significant improvement in
physical function: 6-minute walk distance increased by 21 meters on average, chair-rise time
improved, gait speed improved. For IPF patients, any functional improvement is rare, as the
disease usually relentlessly worsens. It wasn't placebo-controlled, but that result was
encouraging that senolytics might alleviate dysfunction even if they can't cure the disease.

* Hickson et al. 2019 (EBioMedicine): 9 diabetic kidney disease patients given D+Q (same dosing
protocol) in an open trial. They did adipose tissue biopsies and measured senescent cell burden
markers before and after. Result: Senescent cell markers (like p16~AINK4a-positive cells) were
reduced ~~30% post-treatment 2 . Also circulating SASP factors (like IL-1q, IL-6, etc.) decreased

2 . This provided the first “proof in humans” that senolytics can clear senescent cells. These
patients didn’t show immediate clinical improvements in that short timeframe, but it wasn't
expected in just 3 weeks for a chronic disease.

+ Ongoing: Phase 2 trial (Senolytic Therapy in Alzheimer’s Disease, small N) reported initial results
in 2022: they confirmed D+Q penetrated CSF and was safe for AD patients. Cognitive outcomes
still to be assessed in a larger study. Unity’s Phase 2 in osteoarthritis (UBX0101, a different agent
injected in knee): primary endpoint (pain reduction) not met at 12 weeks, and no cartilage
regrowth seen. Unity has since pivoted away from OA to eye diseases where delivery is easier.

* Mayo Clinic is trialing Fisetin (called the STELLAR trial) in older women to see effect on frailty
inflammation markers (NCT03430037).

* So as of 2025: evidence quality is still low (Phase 1/2 open-label), but mechanistic validation
(reduced senescence markers) is solid. In terms of actual patient outcomes, the IPF result is
intriguing but not definitive.

+ We should mention we do have evidence that senescent cells increase in human tissues with age
and in diseases (e.g. more senescent cells in arthritic joints, atherosclerotic plaques, diabetic
kidneys). Also in transplant patients, older donor organs with more senescent cells tend to fail
sooner than younger donor organs. These pieces indirectly bolster that targeting senescence
might help.

« We'll have better evidence soon: e.qg. a trial of oral fisetin for COVID-19 (since COVID causes
“cytokine storm” and maybe triggers senescence) found it reduced ICU days (result in preprint).
If that holds, it means even acute use in a severe condition could help - interesting but separate
from chronic aging.

31


https://www.nature.com/articles/s41514-024-00138-4?error=cookies_not_supported&code=b6b8654c-b4f4-4286-89b2-05c2491137a7#:~:text=13,47%2C%20446%E2%80%93456%20%282019
https://www.nature.com/articles/s41514-024-00138-4?error=cookies_not_supported&code=b6b8654c-b4f4-4286-89b2-05c2491137a7#:~:text=13,47%2C%20446%E2%80%93456%20%282019

* Overall evidence: Preliminary but exciting. Perhaps by the next 5 years, if even one RCT in a
specific condition is clearly positive, it will be a big boost. Meanwhile, some enthusiasts already
try D+Q or fisetin on a DIY basis (which we cannot recommend due to unknown long-term
safety).

Hormone Therapies:

Testosterone in older men (with low T): The Testosterone Trials (7 coordinated trials) found
improvements in bone density, anemia, sexual function, mood, some cognitive aspects when
testosterone gel given for a year to men 65+ with low T. But also found more arterial plaque
progression in treated group (need monitoring). No mortality difference (study too short). So
testosterone can help quality (if levels are truly low) but longevity impact unclear or possibly
negative if it increases cardiovascular risk or prostate issues.

Estrogen (HRT) in women: The Women'’s Health Initiative (WHI) RCT famously found in 2002 that
estrogen+progestin in postmenopausal women slightly increased breast cancer, heart attack,
stroke, overall risk > benefit for older postmenopausal start. But sub-analysis found women who
started HRT closer to menopause had fewer heart events (timing hypothesis). Long-term follow-
up now shows neither regimen significantly affects all-cause mortality either way. But HRT
definitely improves quality by reducing menopausal symptoms and prevents bone loss (fewer
fractures). So from a healthspan perspective, HRT can be good in early postmenopause (with
proper risk stratification) - might indirectly improve longevity by preventing osteoporotic
fractures and maybe colon cancer (HRT reduces colon cancer risk). But it might raise risk of some
other issues (breast cancer, small absolute risk).

Growth Hormone: Only to be used in GH-deficient individuals. In aging, the negative data: a RCT
of GH in elderly men and women (1990s) showed increased muscle mass but a lot of side effects
(edema, carpal tunnel, diabetes) and no functional improvment. So GH is not recommended as
anti-aging (and indeed is illegal to prescribe for that in US). The only scenario we saw was the
TRIIM trial combining GH with other stuff to regenerate thymus - that was a special controlled
context. GH can indeed rejuvenate thymus somewhat, but at cost of raising IGF-1 significantly
(IGF-1 high in older age correlates with cancer).

Thyroid: If one is hypothyroid, replacing extends life (untreated severe hypothyroidism can be
fatal or cause heart failure). If euthyroid, no need to mess with it.

DHEA: RCTs in older adults show no major benefit except slight bone density improvement in
females and maybe libido in women. Not extending life, evidence no.

Melatonin: No direct evidence on mortality. But there was a 15-year observational of night-shift
nurses (circadian disruption) - higher mortality and cancers. So by inference, melatonin to
correct circadian rhythms in shift workers or older insomniacs might reduce those ill effects, but
not proven. Small RCTs show melatonin can improve sleep efficiency and possibly cognitive
performance in patients with mild cognitive impairment (by improving sleep). It's low risk.
There's some interesting data that high-dose melatonin (20-40 mg) had on cancer patients (some
improved outcomes in small trials when added to chemo - due to immune modulating effect).
But for anti-aging, nothing concrete.

Miscellaneous supplements:

Vitamin D: The VITAL trial (NCBI 2019) gave 2000 IU D3 vs placebo to ~26k people (mean age 67)
for 5 years: no significant difference in all-cause mortality, but a 25% reduction in cancer death
observed (especially after 2+ years) [not directly cited above but published data] , and a trend
to fewer cancer diagnoses. Also fewer autoimmune diagnoses in D group. So D might not reduce
total mortality significantly in that timeframe (could be underpowered, as baseline D status was
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often adequate), but it likely helps specific outcomes and is essential if someone’s deficient. So
evidence moderate - not a longevity panacea if you're already sufficient, but if low, correcting
helps.
Omega-3: The same VITAL trial tested fish oil 1g: no difference in all-cause mortality, but a
significant reduction in heart attack (28% down) and total coronary heart disease (17% down)
[some results reported] . No effect on stroke. Subgroup: those who ate little fish had a
mortality reduction from fish oil (maybe because baseline was low). Another smaller trial
(REDUCE-IT, but that had 4g of pure EPA in high-risk patients) showed a 20% reduction in all-
cause mortality. So fish oil likely beneficial for heart health if dose is high or diet is low in fish. In
terms of overall lifespan, moderate evidence of small benefit.
Selenium+CoQ10: The KiSel-10 trial (2013) randomised 443 older adults in Sweden to selenium
200 pg + CoQ10 200 mg vs placebo for 4 years, then followed them ~10 years: CV mortality was
28% in placebo vs 13% in treatment (HR 0.49) - a big difference. All-cause mortality also trended
lower (risk of death 5.9% vs 12.6% at 5 years, p=0.015). This is a single trial but well-done and
results persisted in further follow-ups at 12 years [not cited but published] . Given baseline
selenium status was low, it might not generalize to populations with adequate selenium. But it's
quite compelling level 2 evidence.
Glucosamine: No RCT for mortality. But large cohort analyses (e.g. 2019 BM] analysis of 0.5
million UK Biobank participants) found glucosamine use associated with 15% lower total
mortality and specifically 18% lower CVD mortality [no direct cite but these numbers from BM)
2019 (Li et al.)] . They adjusted for many factors, and the effect remained. It's possible
glucosamine mimics a fasting-like effect (some mechanistic research suggests it triggers a
metabolic shift). Or simply users were more health-conscious or had less pain, enabling more
exercise (though adjustments tried to account for that). Absent RCT, classification evidence level
low-moderate. But since low risk, it's an intriguing candidate - a UK trial named "Glucosamine
Treatment of Aging (GLUTA)" has been proposed, but not sure if started.
Curcumin: RCTs show anti-inflammatory effects and improved symptoms in conditions like
arthritis, but no data on survival or long-term health beyond that. Low systemic bioavailability is
an issue - formulations like nanoparticle curcumin or co-administer with piperine (black pepper
extract) increase absorption. There's interest in curcumin to prevent Alzheimer’s (due to
epidemiological observation of lower AD in India), but trials have been inconclusive so far
(maybe inadequate crossing of blood-brain barrier).
Resveratrol: A 2014 RCT in older adults with frailty gave resveratrol 300 mg/day for 3 months -
showed improved mitochondrial capacity in muscle (they could utilize oxygen better) and lower
inflammation markers. But that's short term. A recent meta-analysis said resveratrol
supplementation improves glucose control modestly in diabetics and lowers CRP slightly. No
mortalities studied. One small Italian study in stable coronary disease found no effect on flow-
mediated dilation (vascular function) from resveratrol vs placebo. So mixed bag. Probably need
better molecules (resveratrol is poorly bioavailable and possibly not potent enough).
Spermidine: Only small human interventions: e.g. 2019 trial in 30 older adults, spermidine-rich
wheat germ extract improved memory performance after 3 months vs placebo (for those with
subjective cognitive impairment). No long outcomes. But population studies show that higher
dietary spermidine (estimated from food questionnaires) correlates with lower mortality - one
study in Italy found top tertile spermidine intake had 5-year mortality ~HR 0.60 vs lowest tertile
[not cited above but published in 2018 (Kiechl et al.)] . Mechanistically, spermidine induces
autophagy, so plausible. It's considered a promising caloric restriction mimetic. Evidence grade
now: low (observational & mechanistic only). There is a larger RCT (SMART-AGE) ongoing testing
spermidine on cognitive function in 85+ year-olds (since they have high risk of decline, if it slows
that it's a success).
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+ Others (ginger, garlic, vitamins): Many are traditional health boosters but specific longevity
evidence is scant or negative (e.g. high-dose beta-carotene increased lung cancer in smokers -
famously unexpected outcome). Usually, a varied diet covers these.

+ Multi-vitamins: The Physicians’ Health Study II RCT (2012) gave a daily multivitamin to ~14k
male doctors for ~11 years: result - a modest 8% reduction in total cancer incidence [no effect
on mortality though] ; no effect on heart attacks or cognitive decline. So not a big longevity
lever, but possibly some benefit in cancer prevention. In well-nourished populations, multis do
little for lifespan; in nutrient-deficient populations, targeted supplementation (e.g. vitamin A in
children in deficient regions saves lives, folic acid fortification prevented many neural tube
defects etc.) clearly helps. For typical supplement-taking individuals in developed countries,
evidence of extended life is weak.

3. Experimental & High-Risk Interventions:

* Gene therapy (hTERT, follistatin): Only anecdotal self-experiment by Bioviva (no control,
outcomes not verifiable). A small trial by Libella Gene Therapeutics in Colombia was supposed to
treat one patient with progeria with a telomerase gene therapy at cost $1 million - no published
result yet (perhaps ongoing). We simply lack data. Risks: immune reaction to viral vector,
insertional mutagenesis (if using integrating vector), activation of cancer (telomerase can
immortalize cells including pre-cancer cells). So evidence: none beyond cell and animal. We mark
it investigational only.

BMT (Bone marrow transplant) for rejuvenation: No one does this just to “renew immune
system” due to risk (5-10% acute mortality if healthy older adult tried it, which outweighs
hypothetical benefits). The closest evidence: BMT patients who get a graft from a young donor -
do they have any slower aging? Hard to tell; these patients often have a rough medical history
due to underlying disease and transplant effects like graft vs host. Some interesting case: a man
with HIV and leukemia got a BMT from a 20-year-old and later had 10-year younger epigenetic
age than expected - but anecdote. So no real evidence to treat aging with BMT currently.

Thymus regeneration (TRIIM): Again, n=9 uncontrolled but results (improved immune cell
counts, epigenetic age reversal) are provocative. A controlled replication (TRIIM-X with about 80
people including women) is underway. Until that reports, we must consider it preliminary. GH is
not a trivial therapy, so we need to ensure benefits >> risks. If TRIIM-X shows similar outcomes
with minimal harm, it could spark interest in transient GH/DHEA use under monitoring to
rejuvenate immunity. But as of now, outside a study, this is not recommended due to GH risks.

Partial reprogramming: No human trials yet. If anything, first might be in localized issues like
eye or for acute injuries. So evidence = none in humans. E.g. do we have evidence OSK gene
therapy can restore vision in a human with glaucoma? A company called Life Biosciences is
reportedly planning an optic nerve trial. So maybe in a few years, we'll get first human safety
data. For now, it's theoretical although based on strong animal data (mouse, plus OSK gene
therapy tested in non-human primates for safety at least as per some reports with no major
adverse events - but primate results not published yet).

Organ transplants extended use: People sometimes ask, why not replace organs as they fail
with younger ones? That is done clinically (heart, kidney, liver transplants add years of life) but
require immunosuppressants that themselves cause some accelerated aging (higher infection
and cancer risk). For example, a kidney transplant in a 70-year-old can give them 5+ extra years
on average vs staying on dialysis. But not everyone can get transplants due to organ shortages
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and criteria. In any case, that's more patching end-stage disease than slowing aging. Tissue
engineering aims to get around donor limits.

* Cryopreservation (Cryonics): After death, storing body or brain in liquid nitrogen in hope future
tech can revive. This is not a health intervention but a gamble that future science might restore
life. No evidence anyone has been revived from cryogenic preservation (the technology to fix
freezing damage or to regrow a new body and transfer consciousness is beyond current science).
It's an ethical and speculative domain; we mention it in controversies possibly, but it's not an
evidence-based extension of life as of now (because legally, you're dead, and maybe potentially
revived far later if at all). So not part of mainstream longevity strategies, but a handful do it as an
“act of faith in science.” It's more relevant in philosophical discussions than in evidence-based
health guidance.

* Mind uploading / AI immortality: Sci-fi idea some mention - not relevant now, zero evidence,
purely hypothetical and philosophical (if you copy your brain’s info to Al is that even you?). Not a
real medical pathway at present.

Areas with No Reliable Evidence (as of 2025):

* Supplements or practices heavily marketed but unproven: Examples: TA-65 (telomerase
activator from astragalus) - aside from one small study showing immune cell telomere
maintenance, no credible evidence it extends life or healthspan. Collagen supplements - good
for skin maybe, but doesn't extend life. NAD+ IV infusions - some clinics do these; aside from
raising NAD transiently, no proven advantage over oral precursors, and no outcomes studied
(some people say they feel energetic after, likely placebo or a real effect on cell metabolism - but
no long-term data).

EMF shielding or “5G protection” for anti-aging: completely no evidence. Some fringe groups
claim electromagnetic fields accelerate aging - mainstream evidence does not support that.
Normal levels of non-ionizing radiation (like 5G) aren't known to cause aging changes. So
products around that are baseless.

Stem cell “anti-aging” infusions: There are many dubious clinics injecting IV stem cells (often
from fat or birth tissue) claiming anti-aging. Thus far, no controlled study shows IV MSC infusions
in a healthy elderly population extend life or reduce aging markers (except one small frailty
study where they claimed some improved walk speed, but it was open-label). Many such clinics
operate outside regulations (some cause harm - e.g. reported cases of vision loss from stem cell
injections in eyes for macular degeneration). So that's not evidence-backed yet - still, legitimate
trials are in progress for frailty and degenerative diseases.

Hyperbaric Oxygen Therapy (HBOT): Recently a study in Israel claimed that a series of HBOT
sessions (90 min at 2atm oxygen daily for 60 days) in healthy older adults lengthened telomeres
by 20% and reduced senescent immune cells by 15% [published 2020, though some question
methods] . It made headlines as “reverses 25 years of aging in blood cells.” Telomere
measurement method and significance have been debated - some consider it preliminary as no
clinical outcomes were measured. Outside of diving medicine and wound healing, HBOT isn't
established anti-aging therapy. Could breathing pure oxygen under pressure cause a hermetic
beneficial effect? Possibly - it induces some stem cell proliferation. But also produces oxidative
stress - the body responded by increasing antioxidant defenses (maybe why telomeres
lengthened - unclear). So evidence reliability is low - one study, not yet replicated or extended to
health outcomes. There’s interest in “intermittent hyperoxia/hypoxia” as a trigger for
regeneration - far from proven. So put HBOT under “maybe, interesting but not reliable evidence
yet."
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* Magnetic or Electric brain stimulation for longevity: Nothing particular to longevity beyond
addressing disorders (like treating depression, which can indirectly help).
+ Any claims of >30% life extension in humans by a product - not substantiated. If something
had that effect, it would be extremely obvious by now. A few small communities have unusual
longevity (Okinawa historically, etc.), but that's attributed to combined lifestyle and genetics, not
a single pill.
Caloric restriction mimetics beyond rapamycin/metformin: e.g. 2-deoxyglucose (a CR
mimetic in theory) was too toxic in rats (caused heart issues). Other mimetics (like glycolysis
inhibitor lonidamine analogs) not tested in humans for aging. So aside from those we already
covered (metformin, rapamycin, spermidine, resveratrol, etc.), others are either not tried or
failed in preclinical.
Telomere measuring and extension products: Some companies offer telomere testing; results
vary by method and cells tested. It's not considered a reliable marker for personal aging (there’s
large individual variation and fluctuation). Taking astragalus or doing meditation may modestly
affect telomeres, but evidence linking those to longer life is lacking. Telomeres likely one piece of
puzzle, but focusing solely on them is unproven to yield extended lifespan in humans.
Quantum healing, energy fields, etc.: No basis in recognized biology, thus no credible
evidence.
Young organ transplants (like gonads): Historically, attempts to transplant monkey testicles
into old men in 1920s (Serge Voronoff's experiments) - obviously did not meaningfully extend
life, just a medical curiosity. Modern endocrine therapies do more safely (like testosterone if
needed).
Cloning for body replacement: Not a near-term scenario, and no evidence one can transfer
consciousness or that a clone’s organs would be used for the original (ethical minefield aside).
Any miracle cures with “stem cell” or “peptide” that lack published trials - a lot on internet.
Some peptides (like Epitalon - a short peptide some Russians researched, claimed to increase
telomerase and lifespan in mice, and some small human observational extension - but those
studies are not widely accepted due to unclear methodology). Currently, no regulatory-approved
anti-aging peptide exists except perhaps thymus extracts (used clinically for immunodeficiencies
in some countries, but not proven to extend life).

Translational Gaps:

* Much of the promising anti-aging science is in preclinical stage. There's often a gap of 5-10
years (or more) from successful mouse experiments to human trials and then to public
availability if all goes well. For instance, senolytics had first mouse success ~2015, first human
pilot ~2019, maybe first possible approval ~2026? (if any trial is highly positive by then). Partial
reprogramming had first success 2016, maybe human trial by late 2020s earliest. So we need
patience.

+ Biomarker gap: We lack quick feedback. If you start an intervention at 50 and want to know if it
helps you live to 90, by the time you know, it's too late to change strategy. So surrogate markers
(epigenetic age, inflammatory age, etc.) are being used in trials to get early hints, but regulators
don't yet accept them as endpoints for approval. The field is pushing for composite clinical
endpoints (like TAME uses multi-disease incidence). Even that is a multi-year trial with thousands
of people. Thus, progress can feel slow due to difficulty in measuring “slowed aging.” Many
ongoing trials measure things like walking speed, muscle strength, cognitive tests, etc., as
proxies for functional aging. If a drug improves a cluster of those, it might be considered an
“aging drug.” But formally, no drug is approved for “aging” as an indication by FDA or EMA; they
require a disease. So bridging that - possibly by using a syndrome like frailty as an indication - is
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a translational challenge. There’s regulatory momentum (FDA created an “geroscience interest
group”; some are talking about aging as a preventable condition).

Combination vs single approach: Trials usually test one thing at a time. But aging is multi-
factorial; possibly a combo (say metformin + exercise + senolytic + NAD booster) could have
additive effects. Very few studies on combinations in humans yet (one exception: a small 12-
week trial of exercise + metformin vs exercise found the combination blunted some exercise
benefits, as mentioned). It might be that some combos conflict, others synergize (maybe
metformin + rapamycin could be good as they target different nutrient pathways - being tested
in a trial called MILES: Metformin, Rapamycin in LifE Extension, result pending). Designing multi-
drug interventions is tricky due to large number of participants needed to test every
component’s contribution (factorial design) - expensive. But in real life, people do multi-pronged
approach. So there's a gap between how trials are run (one agent) and how regimens might be
applied (several agents + lifestyle). Eventually, we may see trials of “combination geroprotection”
vs usual care, but that requires huge scale or a very strong effect to be feasible.

Animal models: Mice are not little humans; many interventions that extend mouse lifespan
(over 100 compounds known now) have uncertain human relevance. E.g. antioxidants extend
worm life but not mice generally; rapamycin works in mice, likely works somewhat in humans,
but we need confirmation. Some failures: e.g. sirtuin activator SRT1720 extended mouse
healthspan moderately, but similar compounds in human trials didn't show benefits or had
safety issues. Also, lab mice live in artificial conditions (no pathogens, unlimited food), so some
interventions (like CR) have bigger effect in lab than they might in wild environment. Translating
to free-living humans with genetic diversity and exposure to real-world stressors can attenuate
effects.

Individual variability: Drugs might slow aging in one person but not another due to genetic
differences. E.g. metformin might work well in people with insulin resistance, but could be
pointless or even harmful (blunting exercise gains) in highly fit, insulin-sensitive people. We
might need a personalized approach: e.g. measure your “aging phenotype” - if you're more
inflammation-driven aging, take anti-inflammatories; if metabolic aging, take metformin; if you
have high senescent burden (in future maybe we can measure senescent cell load in blood) -
then use senolytic. Right now, such stratification is not standard, most trials treat aging as one
entity, but it might not be.

Adherence & Uptake: Many evidence-based things like exercise or diet are effective, but getting
people to do them is hard (adherence often low). If tomorrow an RCT shows e.g. fisetin clears
senescent cells and improves healthspan, doctors need to ensure patients can obtain a quality
product (since it's a supplement likely) and take the proper dosing schedule safely. The
healthcare system also typically addresses diseases rather than prevention, so prescribing
something solely to prevent future multi-morbidity is a shift - it might face inertia or insurance
coverage issues. So bridging that (translational gap from research to clinical practice adoption)
includes educational and structural changes.

Monitoring outcomes: For a while, say a 50-year-old starts interventions, how to know it's
working short of waiting decades? We have surrogates: slower rise of chronic conditions, slower
biological clock tick, etc. But these need validation that they correlate with actual reduced
mortality or disability. Right now, most doctors do not measure epigenetic age or advanced
biomarkers - they measure traditional risk factors. As more evidence accumulates linking new
biomarkers to outcomes, these might become part of routine check-ups. But we're not fully there
- e.g. even epigenetic age, while correlated with mortality (people with “older” epigenetic age
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have higher risk of dying sooner [no direct cite but multiple cohort studies show e.g. top decile
GrimAge vs bottom decile = >5-fold mortality risk] ), we don’'t know if an intervention lowering
your epigenetic age will actually reduce your mortality risk proportionally.

Areas of no evidence or debunked: Some things historically tried for longevity turned out
negative or inconclusive when tested:

Antioxidant supplements (like high-dose vitamin E, beta-carotene): RCTs found no benefit or
slight harm [multiple studies, e.g. beta-carotene increased lung cancer in smokers] . The
simplistic free radical theory has been revised - low level oxidative stress might be necessary for
cellular defense signaling. So exogenous antioxidants like pills didn't extend life.

DHEA and GH in normal aging: tested, no meaningful benefit, some harms (GH raising diabetes
risk).

Resveratrol: hype has cooled as no human robust data for longevity (some health
improvements but not broad).

Continuous growth hormone or anabolic steroids to combat sarcopenia: can increase muscle
but shorten life likely due to side effects (e.g. bodybuilders can build big muscles with anabolic
steroids, but their lifespan often shortened by heart disease).

Aspirin prophylaxis we covered - the newest evidence suggests it's not beneficial for primary
prevention in older adults (in absence of high CVD risk).

Chelation therapy for atherosclerosis (removing heavy metals): one trial (TACT) had mixed
results but a subgroup diabetic patients had fewer events - interesting but not widely adopted
as evidence isn't strong enough. Not an anti-aging mainstream thing, more an alternative med
domain.

Metals & aging: One theory is high iron stores accelerate aging (some correlation of high
ferritin with diabetes, etc.). Blood donation lowers iron. Observationally, donors have better
outcomes (could be healthy user bias). We lack an RCT, though one trial in early 2000s (FeAST)
tested phlebotomy in peripheral arterial disease patients: it showed a trend toward lower
mortality in blood-letting group (HR 0.85, p=0.1, not significant overall; significant in non-
smokers subset) - suggestive but not conclusive. So not enough to say all men should donate
blood to live longer, but interesting. We classify iron reduction as plausible but unproven
strategy.

Telomere testing: Some commercial anti-aging clinics measure telomere length to gauge
“biologic age.” But telomere length in blood cells is variable, and while short telomeres correlate
with higher mortality in population, using one individual measure is not very predictive (lots of
fluctuation and person-specific set point). Also, interventions marketed to lengthen telomeres
(like TA-65) - evidence is weak and mostly lab-based. So currently, telomeres are more a research
tool than actionable clinical measure for individuals.

In summary, the evidence appraisal shows lifestyle and disease prevention measures have robust
outcomes evidence, whereas the new generation of anti-aging therapies mostly have promise
from preclinical or early trials but need definitive human trials to confirm they truly extend healthy
life. Many such trials are underway - this decade (2020s) is critical for turning those “if” into “how
much.”

The next part of this report will consider expected timelines, from historical milestones to future
scenario projections, integrating the evidence we have and anticipating developments.
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Timelines

Understanding the trajectory of longevity science requires looking back at key milestones and forward
to plausible future scenarios. Below, we outline a concise historical timeline of aging research and life-
extension milestones, then project future scenarios (conservative, base, optimistic) for reaching
Longevity Escape Velocity. Finally, we present a Mermaid Gantt chart summarizing these events and
projections.

Historical Milestones

+ 3000 BCE - 1700s: Historical pursuit of longevity mostly in myth and alchemy (e.g. Taoist elixirs,
quest for “Fountain of Youth”). No scientific progress, and life expectancy was ~30-40 due to
infectious disease and high infant mortality. Notable literary work, Epic of Gilgamesh (~2100
BCE), already depicts the human desire for immortality (Gilgamesh seeks a life-extending herb).

« Circa 350 BCE: Aristotle notes that lifespan might be related to heart rate (observing small
animals live short, large live longer) - an early biological hypothesis about aging rates.

+ 1683: Antonie van Leeuwenhoek discovers microorganisms. Indirectly, this will lead to germ
theory centuries later, massively reducing early-age mortality and extending average lifespan,
though not maximum lifespan.

* 1796: Edward Jenner introduces smallpox vaccination - first vaccine, heralding an era of
infectious disease control. Not directly “anti-aging,” but pivotal for increasing life expectancy
(fewer young deaths means more people reach old age).

+ 1850s: Average life expectancy ~40 in Europe; public health improvements are underway. People
still think aging is inevitable and “natural limit” perhaps around 100.

+ 1889: Charles Brown-Séquard, at 72, injects himself with extracts of guinea pig testicles,
claiming rejuvenation (energy, vigor). His experiment lacked controls and was likely placebo, but
it ignites interest in hormones and “organotherapy.”

*+ 1906: Elie Metchnikoff (Nobel laureate) coins the term “gerontology.” He theorizes aging is
caused by toxic gut bacteria, suggests consuming yogurt (probiotics) for longevity. He brings
scientific attention to studying aging processes.

* 1912: Funk’s discovery of vitamins - the concept of dietary deficiencies emerges. While
vitamins don't stop aging, their discovery means diseases like scurvy (once thought part of
aging) are cured. Improved nutrition through 20th century lets more people reach old age in
better shape.

+ 1935: Clive McCay at Cornell shows calorie restriction (CR) extends lifespan in rats. This is the
first experimental extension of life in a mammal by an intervention. It lays foundation for
thinking aging might be malleable by diet, not just genetics.

* 1940s-50s: Antibiotics and vaccines widely used - huge jump in life expectancy at birth (by 1950,
US life expectancy ~68). Again, not altering aging rate, but shifting population age distribution
upward.

* 1954: Denham Harman proposes the Free Radical Theory of Aging - that cumulative oxidative
damage to cells by free radicals (byproducts of metabolism) causes aging. This theory dominates
for decades and spurs trials of antioxidants. It's now recognized as too simplistic, but it led to
important research on cellular damage.

* 1961: Leonard Hayflick discovers the Hayflick limit - human cells in culture can only divide
~50+10 times before senescing. This overturns prior belief that cells are “immortal.” Hayflick
posits this cellular senescence is related to organismal aging. We later learn it's largely due to
telomere shortening.

* 1967: Wolfgang von Ardenne advocates “systemic cancer multitherapy” including hyperthermia
and intermittent hypoxia as anti-aging - an early multimodal approach, but not widely adopted.
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* 1976: Discoveries in genetics of aging: Cynthia Kenyon and others (1993, actually, but
foundation in 1970s) find mutations in single genes (like daf-2, age-1 in C. elegans) can double
worm lifespan. This is watershed - aging is not just wear and tear; it's genetically modulated.
(Kenyon's breakthrough was 1993; I include it here as a timeline item in 1993: daf-2 gene
mutation doubles worm lifespan).

+ 1988: National Institute on Aging (NIA) starts the Interventions Testing Program (ITP) -
systematically testing compounds in mice for lifespan effects across multiple labs. This program
later finds drugs like rapamycin and acarbose that extend mouse lifespan, generating rigorous
data.

* 1990: First gene therapy on a human (for ADA-SCID). Not aging, but proves gene transfer can
treat disease - opens thinking toward gene therapy for other conditions eventually.

* 1993: Kenyon et al. publish that daf-2 mutation (insulin/IGF pathway) doubles C. elegans
lifespan. This is a paradigm shift: one gene can dramatically affect aging, implying druggable
targets.

+ Late 1990s: Discovery of telomerase enzyme (1985 in Tetrahymena by Carol Greider; human
telomerase gene (hTERT) identified mid-90s). By 1998, Bodnar et al. manage to immortalize
human cells by adding telomerase [no direct cite in text, but milestone] . People start
pondering telomerase therapy for aging.

+ 2000: Sequencing of human genome completed (2003 fully) - not an aging breakthrough per
se, but gives the blueprint and tools to identify longevity-related genes (e.g. APOE, FOXO3
variants discovered in centenarians).

+ 2006: Yamanaka factors discovered - adult cells can be reprogrammed to pluripotent stem cells
(iPSCs) using 4 genes (OSKM). Yamanaka’s 2012 Nobel prize acknowledges this. No direct aging
application then, but later partial reprogramming concept stems from this.

+ 2009: Rapamycin first shown to extend mouse lifespan (Harrison et al., Nature), even when
started in 20-month-old mice. This is a huge proof-of-concept that a drug can extend mammal
life. That same year, resveratrol hype peaks from mouse studies (but later tempered).

+ 2011: Senescent cell removal by Baker et al. in a progeroid mouse improves health (later in
2016, Baker shows removal in normal aging mice extends lifespan 20%). Senolytics concept
around 2013-2015.

+ 2013: Landmark paper “Hallmarks of Aging” published - synthesizes 9 key biological targets.
This becomes a guiding framework for research. Also, Horvath's epigenetic clock published - a
blood DNA methylation pattern that predicts chronological age with surprising accuracy.
Epigenetic age acceleration shown to correlate with mortality. Now we have measurable
“biological age.”

+ 2014: GDF11 study (Harvard) - injecting a protein from young mouse blood rejuvenates aspects
of old mice (improved heart function, muscle endurance). Later contested, but it reignites
interest in young blood factors.

+ 2016: Ocampo et al. (Salk) demonstrate partial reprogramming in a progeria mouse extends
lifespan ~30% with OSKM induction cyclically. This suggests age reversal at cellular level possible
in live animals.

+ 2018: Senolytic human trial (Unity) begins - a first attempt to target aging in humans (though
for osteoarthritis). Unity’s initial results (2020) disappoint, but field continues. Also, first
metformin for longevity trial (TAME) receives FDA green light (though funding takes time, it
finally fully enrolled in 2022).

+ 2020: COVID-19 pandemic - reveals how aged immune systems struggle; also causes a dip in
life expectancy globally. Indirectly, it spurs more interest in boosting resilience of elderly (e.g.
rapamycin to improve vaccine response was tested). Meanwhile, longevity investment booms:
Jeff Bezos invests in Altos Labs (2021) with $3B aimed at reprogramming; other big new
companies (Calico (2013), Unity (2011), Insilico, etc.) ramp up R&D.
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+ 2022: Yamanaka factors in primates: A preprint suggests partial reprogramming (OSK via AAV)
improved certain measures in old monkeys (not published peer-review yet). Also, Altos and
others lure top academics - a sign of field maturation.

+ 2023: Rejuvenation via chemical cocktail reported (Sinclair lab) - reversed cell age in vitro.
Kurzweil updates his LEV prediction to 2029-2035. Hallmarks of Aging updated to 12 hallmarks
(adding autophagy, inflammation, dysbiosis), reflecting progress. Clinical trial results
anticipated (e.g. rapamycin in PEARL, semaglutide SELECT, etc.).

+ 2025 (Today): Life expectancy rebounding post-COVID dips, but aging population growing. No
proven “anti-aging drug” approved yet, but multiple candidates in Phase 2-3 trials. Consensus in
field is that aging is modifiable; many countries launch healthy aging initiatives. LEV Foundation
(led by de Grey) established with mission to hasten comprehensive rejuvenation.

(Historical timeline compresses many events; more could be added, but these capture major turning points
relevant to LEV.)

Forward Roadmap & Scenario Bands

Key Uncertainties: Achieving LEV depends on scientific breakthroughs, their translation to therapies,
and implementation at scale. We consider three scenarios:

+ Conservative Scenario (Business-as-Usual): Progress continues at current pace, with
incremental advances but no radical breakthroughs. Under this scenario:
+ 2025-2030: Several geroprotective drugs show modest success in trials (e.g. metformin slightly
delays multimorbidity in TAME, senolytic clears some disease fibrosis, rapamycin improves
immune function but no large lifespan gain proven yet). Regulators remain cautious - perhaps
approve one drug for an aging-related condition (e.g. rapamycin for frailty if a trial is positive).
Average life expectancy edges upward slowly (maybe +2 years by 2035 in developed nations,
recovering from COVID and continuing trend).
2030-2040: Combinations of therapies are tried in trials. We might see a first “aging targeting”
indication approved (maybe a senolytic for chronic kidney disease outcomes, etc.). Yet, maximum
lifespan (122 record) hasn't been broken convincingly; perhaps someone reaches 125 by chance.
LEV not reached; life expectancy rises mainly due to better disease management, not true age
reversal. People in 2040 may routinely take a polypill (statin + metformin + aspirin and vitamin D)
which yields small longevity gains. Partial reprogramming still in primate or early human safety
trials, not clinical use. By 2045, global life expectancy ~77 (from ~73 now), an improvement but
short of escape velocity (gains are <0.2 year per year).

Risks in this scenario: could be that aging biology proves very hard to alter significantly, or side
effects limit use of powerful interventions. If climate change or other societal stress or new
pandemics hit, could even stagnate or reduce longevity.

Base Scenario (Optimistic but Realistic): Assume a few breakthroughs and synergies occur:

2025-2035: One or two current interventions show clear efficacy: e.g. a rapamycin derivative
extends disease-free survival in a trial, prompting off-label use; a senolytic drug in Phase 3 shows
it slows progression of a major age-related disease (like idiopathic pulmonary fibrosis or early
Alzheimer’s, improving function). TAME results (by ~2026) demonstrate ~1-2 year delay in multi-
disease onset - enough to consider aging as a treatable factor. The FDA/EMA create a pathway
for “geroprotective” labeling (perhaps calling it “Age-Related Conditions”). By ~2030, the first
drug is approved to “delay progression of age-related decline” in at-risk older adults - maybe
initially indicated for something like “pre-frailty” or combined mild morbidities.
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+ Also in this period, partial reprogramming is refined in labs; by ~2030 there’s a successful
demonstration in a large animal (dog or primate) that vision or muscle strength can be restored
without cancer - building confidence.

2030-2040: Multi-modal therapy sets enter trials - e.g. a combo of senolytic + NAD booster +
stem cell infusion vs placebo in elderly - showing synergistic improvements in function. Al helps
tailor interventions to individual aging profiles (personalized longevity medicine emerges for
wealthy early adopters). A few supercentenarians appear that break Calment’s 122 record,
perhaps reaching 125-130 by late 2030s, hinting at extended max lifespan. General life
expectancy at birth in developed world might be ~90 by 2040 (if LEV nearly achieved, average life
of someone born then extends rapidly as they age, but for statistic's sake assume steady
progress). LEV not fully there yet in 2040, but approaching - longevity gains in 2030s might reach
~0.5 year per year due to stacking of therapies (not quite 1.0 year per year which is LEV
definition).

2040-2050: If promising early partial reprogramming human trials occur in 2030s (for instance a
treatment that regrows thymus, rejuvenates skin and muscle in middle-aged subjects), by 2040s
it could become a clinical procedure. Perhaps initially expensive (like $100k gene therapy per
treatment). It might be used for high-value cases (astronauts, critical leaders?). But as biotech
costs drop and safety proven, by late 2040s partial reprogramming therapy might be more
routine for those who can afford it. It could involve a whole-body plasma apheresis combined
with gene therapy infusions - complex but doable. If effective, this could push some individuals
into LEV territory (their remaining life expectancy increases faster than time passes because they
get “youth boosts” periodically). For general population, a suite of pills and infusions keeps
incrementally improving survival. By 2050, average 80-year-old might have biological profile of
an 60-year-old from 2020, thanks to interventions.

In this base scenario, LEV is reached around 2045-2055 for those with access to cutting-edge
therapies (meaning from that point forward, each year's advances keep them alive at least one
more year). Society sees first examples of people rejuvenating and then living much longer.
However, it might initially be uneven (some get benefits, others not).

Optimistic Scenario (Radical Breakthroughs Fast): Imagine multiple breakthroughs in rapid
succession, akin to how COVID vaccines were fast-tracked:

Late 2020s: Partial reprogramming in humans proves safe and remarkably effective at reversing
certain aging markers by say 2030. Simultaneously, advanced Al perhaps helps decode the
“aging program” fully, identifying master switches or combinations to reset aging.

By mid-2030s: We have gene therapies or novel delivery like mRNA treatments that can
rejuvenate multiple organs. Perhaps whole-body gene therapy that upregulates a suite of youth
genes (e.g. FOXO, klotho, telomerase) and clears senescent cells in one go. In optimistic framing,
by 2035 scientists announce that lab rats treated aged the equivalent of 80 human years but
then regained youthful physiology and extended to 160-year equivalent. Human trials are
expedited for terminally ill or very old volunteers - and show biologic age reversal.

Aubrey de Grey's prediction of “robust mouse rejuvenation” by 2025 and human therapies by
2035 might hold - meaning by 2035 there are early-stage but working rejuvenation treatments
that add decades of healthy life for some. As Kurzweil predicted, maybe by 2035 or even 2030,
LEV begins for humans who avail of all therapies (50% chance per de Grey). This would manifest
as mortality rates at older ages starting to drop year on year rather than increase.

By 2040, aging might be classified as a disease by WHO; combination rejuvenation therapy
becomes available (though initially expensive, possibly covered for preventive care by forward-
thinking health systems because it drastically cuts age-related disease spending - a potential
economic driver).
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* We might see some individuals essentially stop aging in appearance and function by 2040 - e.qg.
a 80-year-old looks and acts 40 due to periodic treatments (we already see dramatic cosmetic
reversal from plastic surgery, but this would be internal health too).

o If LEV truly kicks in by 2035 as optimists say, life expectancy becomes a moving target - e.g.
someone 60 in 2035 might not have a known upper bound yet because every year new therapies
come out. We might enter a regime where maximum observed lifespan (the world record) starts
increasing, something we haven't seen in a while. Possibly first person to reach 150 is alive by
2050 in this scenario.

+ Note an optimistic but credible achievement would be “Functional LEV" - maybe you can keep
people healthy (no frailty) indefinitely though eventually something might still kill them (accident
or rare disease).

* Reversibility: if aging becomes reversible to a point, someone might oscillate between ages: e.g.
treat at 60 to go to 40, then age to 60 again over decades, treat again - always staying under a
threshold of decline. In ideal scenario, they can do this indefinitely. This essentially means
negligible senescence - like what lobsters or certain animals experience (they don't have
increased death risk with age).

Wildcards & Risks to Timelines: - We could discover fundamental limits or safety issues (like partial
reprogramming could cause genome instability with repeated use, or removing aging cells triggers
autoimmunity, etc.). That could delay or derail certain lines. - Sociopolitical factors: If a major longevity
treatment arises, there could be societal pushback (ethical concerns about overpopulation or only rich
benefiting) and heavy regulation which slows rollout. - Conversely, a global competitor (say China)
might push aggressive anti-aging campaigns, driving faster implementation to gain societal advantage,
which could accelerate the timeline due to competition (similar to space race). - Also, economic
meltdown or global conflict could hamper research investment - negative scenario. - There's a risk of
overpromising leading to backlash (like gene therapy in 1999 had a trial death that stalled field for
years). If an anti-aging trial goes wrong (e.g. a cancer in a partial reprogramming patient), it might scare
public and regulators, slowing progress until issues resolved.

Given current signs (lots of funding, many shots on goal, incremental successes), the base scenario
seems plausible. The optimistic is not impossible but assumes things go right with little resistance. The
conservative would happen if we find out aging is tougher than thought (maybe too multi-causal, no
single lever has big effect in humans beyond controlling diseases, so we just continue improving those
and life expectancy creeps up slowly).

Now, to illustrate these scenarios and timeline, here is a Mermaid Gantt chart summarizing key
historical milestones (done) and forward scenario events (with approximate timeline bands):

gantt
title LEV Milestones & Projections
dateFormat YYYY-MM-DD

section Historical

Hayflick_limit_discussed :done, 1961-01-01, 1961-12-31
First_Gene_Extends_Worm_Lifespan:done, 1993-01-01, 1993-12-31

Rapamycin_extends_mouse_life :done, 2009-01-01, 2009-12-31
Hallmarks_of_Aging_published :done, 2013-01-01, 2013-12-31
First_senolytic_mouse_success :done, 2015-01-01, 2015-12-31
Partial_reprogramming_in_mice :done, 2016-01-01, 2016-12-31
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section Forward (Scenarios)
Early_Geroprotectors_Validated (Conservative) ;active, 2025-01-01,
2029-12-31

Combo_Therapies_Emerge (Base) :2026-06-01, 2032-12-31
Robust_Rejuvenation (Optimistic) :2028-01-01, 2036-12-31
LEV_Reached_for_some (Base) :2035-01-01, 2040-12-31
LEV_Widespread (Optimistic) :2040-01-01, 2045-12-31

(Chart explainer: Historical milestones listed to 2016. Forward, we show by ~2025-2029 conservative scenario
sees some early geroprotectors (e.g. one drug like metformin or senolytic validated but not huge leaps). Base
scenario has combination therapies being tested by late 2020s and LEV reached for some cohorts by mid-late
2030s. Optimistic scenario shows robust rejuvenation perhaps as early as 2028-2036 and widespread LEV by
2040s.)

The scenario dates are approximate. The Conservative scenario might not reach LEV even by 2100 (just
continued slow gains). The Base scenario has LEV mid-century, maybe initial partial LEV by 2035 for
those with full access, and expanding by 2050. The Optimistic scenario could achieve LEV even earlier
(~early 2030s for those on therapy, and by 2040 mainstream).

All scenarios assume no catastrophe that cuts life expectancy (like world war or unstoppable new
pandemics), because those are outside the scope of this biomedical discussion but certainly impact
realized lifespan.

In conclusion, while the exact timeline is uncertain, there is a tangible sense in the longevity field that
we are moving from observing aging to intervening in aging. Each year this decade will bring critical
data. The difference between modest success and LEV-level success might be one of degree and
combination - tackling aging from multiple angles at once could yield the nonlinear benefits required
for escape velocity. Many experts say the first 150-year-old person may already be alive today (if
optimistic scenarios pan out). At least, there's a non-zero chance of that, contingent on the
breakthroughs discussed.

Next, we delve into more technical depths of these interventions: their mechanisms, design of trials,
regulatory pathways, and controversies - to ground these timelines in the practical realities of
developing anti-aging therapies.

Technical Deep Dive (Professional)

In this section, we provide a more detailed analysis suitable for a professional audience, covering the
mechanistic underpinnings of interventions, design considerations for aging trials, validation of
surrogate endpoints, manufacturing and safety challenges for advanced therapies, reproducibility
issues in research, regulatory frameworks, and ongoing scientific controversies.

Mechanisms and Pathways of Aging Interventions

Genetic & Molecular Pathways: Aging is influenced by a network of pathways often conserved from
yeast to humans. Key pathways include: - Insulin/IGF-1 signaling (IIS): Reduced IIS (as seen in daf-2
mutant worms or Ames dwarf mice) extends lifespan. Mechanism: low IIS activates FOXO transcription
factors (DAF-16 in worms) that induce stress resistance and repair genes. Many longevity interventions
(CR, metformin, etc.) converge on reducing IIS/IGF signaling, thereby upregulating FOXO and AMPK
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pathways. Humans with genetically low IGF-1 (e.g. Laron syndrome) rarely get cancer or diabetes, but
interestingly they don't clearly live longer (some die from other causes). So translation may require
nuance. - mTOR and nutrient sensing: mTOR integrates signals of amino acids, growth factors, energy.
Inhibition of mTORC1 by rapamycin triggers autophagy and shifts cells to maintenance mode.
Rapamycin also affects translation - it reduces protein synthesis, which might reduce proteostasis
burden. Rapamycin's ability to extend lifespan in mice is partially via improving stem cell function (e.g.
preserving hematopoietic stem cell quiescence) and dampening hyperactive immune/inflammatory
activity. However, rapamycin can cause insulin resistance by inhibiting mTORC2 in metabolic tissues
(hence glycemic side effect). Newer analogs or dosing regimens try to minimize that (e.g. intermittent
dosing to mainly hit mTORC1). - AMPK and Sirtuins: Energy sensor AMPK is activated by high AMP/ATP
ratio (e.g. during exercise or metformin or fasting). It enhances catabolic processes (like autophagy,
fatty acid oxidation) and inhibits anabolic ones (like fatty acid synthesis, partly by inactivating ACC and
mTOR). AMPK activation is thought to mediate benefits of metformin and exercise. Sirtuins (SIRT1-7 in
mammals) are NAD+-dependent deacetylases that regulate metabolism, stress responses, and
chromatin. SIRT1, activated by NAD+ (and originally by resveratrol in vitro, albeit at unphysiological
doses), deacetylates key transcription factors (FOXO, PGC-1a) and histones, broadly promoting a
“fasting” gene expression profile. SIRT3 (mitochondrial) improves mitochondrial efficiency and reduces
ROS. NAD boosters feed into sirtuin activation - e.g. NR elevates NAD, thus enhancing SIRT1/3 activity
leading to improved mito function and possibly DNA repair (SIRT1 and SIRT6 are involved in repair and
telomere maintenance). - Cellular Senescence Mechanisms: When cells detect irreparable damage or
telomere attrition, tumor suppressors (p16AINK4a, p53, p21~CIP1) enforce a permanent cell cycle arrest
(senescence). These cells adopt a SASP phenotype largely via NF-kB and C/EBP transcription factors
driving pro-inflammatory cytokines, proteases, etc. Mechanisms keep them viable (upregulation of anti-
apoptotic BCL-2, BCL-xL, etc., which senolytics often target). Senolytics like dasatinib target multiple
kinases, but one effect is inhibiting EFGR and Src kinases, which hits pro-survival pathways in senescent
cells; quercetin hits PI3K/AKT and others - combined they cause apoptosis in senescent cells which rely
on those pathways. Navitoclax binds BCL-2/BCL-xL to free pro-apoptotic factors, pushing senescent cells
(which often overexpress BCL-xL) to death. Senomorphics (e.g. rapamycin, metformin, or JAK inhibitors)
suppress the SASP without killing cells - a different approach if killing is risky in some tissues. -
Epigenetic Drift: Over time, DNA methylation patterns change (generally global hypomethylation but
promoter-specific hypermethylation of some genes, including tumor suppressors). Histone
modifications also change. These likely reflect cumulative responses to stress and changes in cell
population composition. Horvath's epigenetic clock uses ~353 CpGs to produce a composite age
estimate. Why those CpGs change predictably is an active question - it might be part of an “aging
program” or just a passive biomarker. Partial reprogramming works by inducing Yamanaka factors
which wipe and reset epigenetic marks to a younger state. Mechanistically, OSKM temporarily make
chromatin more open and reset DNA methylation to an earlier pattern (through TET demethylases
among others). Short pulses of OSKM can reverse some age-related gene expression and methylation
changes without fully resetting cell identity. The challenge is controlling exactly how far to reset - too
much, cell loses its specialized transcription program; just enough, cell becomes rejuvenated but still
same type. Likely require transient induction plus careful observation of markers of cell identity. -
Mitochondrial dysfunction: With age, some cells accumulate mitochondrial DNA mutations (especially
if those confer a replication advantage, known as clonal expansion of defective mitochondria within a
cell). Also, less efficient electron transport leads to more ROS. Mitochondrial quality control declines -
less mitophagy (Parkin, PINK1 pathways might wane). Interventions: NAD+ boosters increase substrate
for mitochondrial sirtuins (SIRT3,4,5) which optimize metabolic enzyme function (e.g. SIRT3 deacetylates
and activates mitochondrial enzymes like superoxide dismutase 2, isocitrate dehydrogenase). Mito-
targeted antioxidants (like SkQ1 which is a plastoquinone linked to a penetrating cation) accumulate in
mitochondria and neutralize ROS at the source - as said, this can prevent lipid peroxidation in
membranes, etc., which could otherwise trigger apoptosis or inflammaging. Mitochondrial peptides like
humanin or MOTS-c act as messengers adjusting metabolism under stress. For example, MOTS-c
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translocates to nucleus and influences gene expression to enhance insulin sensitivity. - Inflammation &
Inflammaging: NF-kB and IL-6/STAT3 are central drivers of chronic inflammation in aging (elevated IL-6
is a strong mortality predictor [no direct cite but widely reported] ). Sources: senescent cells (SASP),
visceral fat (macrophages in fat secrete TNFq, IL-1), gut permeability letting endotoxins cause systemic
inflammation, and chronic infections (CMV, oral pathogens). Anti-inflammaging approaches: JAK
inhibitors (e.g. ruxolitinib) reduce SASP by blocking IL-6 trans signaling; NF-kB inhibitors (in
development) might mitigate muscle or brain inflammation. Dietary polyphenols (curcumin, EGCG) are
mild NF-kB suppressors. Low-dose aspirin’s effect was mainly via TXA2/platelet modulation and maybe
some NF-kB reduction, but it also has GI risk. A more targeted approach: perhaps blocking IL-18 (like
canakinumab) or IL-6 (like tocilizumab) in older individuals with high inflammation - these are
expensive biologics but in specific populations might improve outcomes (e.g. in atherosclerosis,
canakinumab significantly cut recurrent heart attacks and lung cancer incidence, albeit with infection
risk and cost). The field of “immunosenescence” also looks at losing immune diversity - e.g. expansion
of memory T cells (especially CMV-specific) leading to fewer naive T-cells to handle new infections.
Strategies: IL-7 or other cytokines to boost naive T-cells, or therapies to eliminate dysfunctional memory
cells (some propose a leukapheresis to filter out old T cells, though that's not done clinically). - Stem cell
exhaustion: Dependent on niche signals and systemic environment. For instance, aged hematopoietic
stem cells (HSCs) become biased toward myeloid lineage and less lymphoid. Mechanisms: DNA damage
in HSCs, altered niche signals (aged osteoblasts and MSCs produce more inflammatory cytokines).
Caloric restriction in mice preserves HSC function; some hypothesize because it reduces IGF-1 and
inflammation, which otherwise push HSCs to proliferate and exhaust. Treatments like Erythropoietin or
G-CSF can mobilize HSCs but don't fix intrinsic issues. One approach is autologous transplant with one’s
own HSCs that were gene-corrected or rejuvenated ex vivo (maybe by transient OSKM exposure ex
vivo?). For muscle satellite cells, exercises like resistance training literally create micro-tears that
stimulate satellite cells to activate and divide - so exercise is the best way to keep muscle stem cells
engaged and not too dormant (excess sedentary leads to unresponsive satellite cells). Some
experiments: oxytocin injections in old mice improved muscle regeneration via stimulating satellite
cells (Nat Comm 2014). That's fascinating because oxytocin declines with age - it could be considered a
systemic “stem cell activator” (and interestingly, some social aspects like more hugging, physical
closeness release oxytocin - speculation if that might indirectly support healthy aging!). Another: Notch
signaling declines in aged muscle niche; Conboy's group showed forcing Notch activation revives
satellite cell response (2005 Nature). - Cross-linking & Extracellular Matrix stiffening: Not formally in
original Hallmarks, but is a known aging process (glucosepane and other AGEs cross-link collagen,
stiffening tissues like blood vessels, skin, etc.). Hard to break crosslinks - no enzyme in humans for
some types (bacteria have some, e.g. guinea pigs had an enzyme for certain crosslinks). ALT-711
(alagebrium) was a small molecule tried to break glycation crosslinks; in animal and early human tests,
it improved arterial compliance modestly, but larger trials didn't progress (lack of significant effect and
some off-target issues). New approaches: perhaps monoclonal antibody or enzyme therapy to break
glucosepane (some research funded by SENS tried to identify glucosepane-degrading enzymes from
microbes). This area remains behind others but could be important especially for frailty and vascular
aging. If one could take a “chelator” to clear out crosslinks, it might restore elasticity of tissues (imagine
turning aged stiff heart valves flexible again or wrinkled skin firm again from inside-out). -
Proteostasis/Aggregates: Autophagy enhancement has multiple arms: macroautophagy (bulk
organelle/protein clearance via lysosomes), proteasome (ubiquitin-tagged protein degradation),
chaperone-mediated autophagy (CMA) for specific protein refolding. With age, proteasome activity
decreases, heat shock response diminishes, lysosomal function declines (lipofuscin accumulates).
Rapamycin upregulates autophagy but also reduces protein synthesis, thereby reducing load.
Spermidine specifically induces autophagy by inhibiting EP300 (an autophagy-inhibiting
acetyltransferase), thereby deacetylating cellular targets needed for autophagy initiation. That's how it
mimics fasting’s autophagy induction. There’s also interest in boosting specific chaperones - e.g. HSP90
inhibitors paradoxically induce heat shock response and HSP70, enhancing protein folding capacity.
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One trial of a coinducing chaperone drug in a proteinopathy disease showed some promise. For brain
aggregates (tau, beta-amyloid), so far a monoclonal antibody (aducanumab, etc.) can clear amyloid but
cognitive benefit minimal. Maybe earlier application or combining with ways to restore neuron
proteostasis environment needed. Also, removal of senescent glial cells (senolytics) could reduce local
secretion that impairs protein handling. - Clocks & Systems Biology: Not a mechanism per se, but
concept: There might be a coordinated “aging program” or rather a “quasi-program” (per Blagosklonny)
where processes beneficial in youth (like growth, reproduction) become harmful when continued in late
life - like mTOR driving growth leads to hypertrophy and hyperfunction of cells (e.g. hypertension via
too much vascular smooth muscle tone, or hyperinsulinemia from abundant nutrition leads to insulin
resistance). His view is aging is an unintended continuation of developmental programs. This
conceptual framework explains why rapamycin (which slows growth signals) extends life - it's literally
slowing an overactive program. Not all aging fits this, some are clearly stochastic damage (e.g. DNA
mutations). But interplay of programmatic and damage factors is complex. Clocks like epigenetic clocks
could be reading an underlying program progression (perhaps a developmental-epigenetic timeline
partially continuing into adulthood). If so, reprogramming resets that. Or clocks might just integrate
multiple damage signals in a readable form.

Trial Design & Surrogate Endpoint Validity

Designing trials for anti-aging is challenging: - Population: Ideally, relatively healthy older adults (to
show prevention of decline). But those have low event rates, meaning huge sample or long follow-up
needed. TAME solved this by including 65-79 year-olds with at least 1 risk factor and using composite of
multiple diseases. That ups event count. Another approach is to target a specific high-risk group (like
people with early frailty or prediabetes) and measure progression to worse states. - Endpoints: Because
"aging" per se is not recognized, endpoints tend to be things like onset of chronic diseases, or
functional measures (gait speed, grip strength, ADL independence - these correlate with mortality).
There's an ongoing discussion with FDA about using a composite endpoint called "Gerospan" or
"Healthy lifespan" - maybe defined as time to first of these: major cardiovascular event, stroke, cancer,
dementia, death. If a trial significantly delays that combined endpoint, it suggests slowed aging. But
composite endpoints can be tricky if an intervention affects some components but not others (you need
a strong global effect to overcome noise). - Surrogate biomarkers: - Epigenetic clocks: They correlate
with chronological age (r ~0.95 for some). More importantly, "AgeAccel" (difference between clock age
and actual age) correlates with mortality: e.g. people whose GrimAge (an advanced DNAm clock) is 5
years higher than actual age have significantly higher all-cause mortality risk. But is it a proven
surrogate? Not yet - no study has shown that a treatment that reduces epigenetic age subsequently
reduces mortality or morbidity. Clocks are also cell-type specific partly (most use blood cells; if a drug
causes blood cell distribution shifts, clock might change without actual systemic rejuvenation). However,
they are being used in small trials as secondary endpoints. If enough trials find that interventions
known to help clinically (e.g. exercise) also reduce epigenetic age, confidence in surrogate improves. -
PBMC telomere length: Long debated - short telomeres in leucocytes definitely correlate with age and
some diseases (CVD). But telomere length is variable and can even lengthen in some conditions (e.qg.
during reactivation of telomerase in immune cells). A trial (like the Stanford TA-65 trial in 2011)
measured telomeres but didn't find consistent lengthening from the supplement aside from one subset
of shortest telomeres. Telomere attrition is slower in humans than mice (because humans have better
telomerase expression in some cells), so over a trial of a few years you might not see a change even if
aging is slowed. - Inflammatory markers: e.g. IL-6, CRP. CRP is a known predictor of mortality. If a
therapy reduces CRP by 30% chronically, likely that's a good sign for CVD risk (like statins lowering CRP
was associated with risk reduction). But one must ensure it's the therapy effect, not concurrent events.
Many anti-aging trials measure IL-6, TNF, etc., to gauge inflammaging. - Gait speed: Possibly one of the
best functional integrative biomarkers. In older adults, each 0.1 m/s faster gait speed associates with
~12% lower mortality risk. A gait speed <0.8 m/s in elderly often predicts poor outcomes. So, a drug
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improving gait speed could indicate better muscle, nerve, heart, motivation function collectively. The
FDA has accepted gait speed as an endpoint in some geriatric drug trials (like for sarcopenia). -
Composite frailty indices: e.g. the frailty index (accumulation of deficits) or frailty phenotype (like
Fried's criteria: shrinking, weakness, slowness, exhaustion, low activity). A reduction in frailty score or
prevention of increase might be meaningful. Frailty strongly predicts hospitalization and death. If a
therapy slows progression from robust to pre-frail or frail, that's clinically relevant. - Organ-specific
ages: e.g. "BrainAge" from MRI, or "Immune age" from T-cell diversity, etc. Some new ML tools can
estimate organ age differences. If an intervention makes brain MRI look more youthful (less atrophy
than typical for age), that likely correlates with lower dementia risk. - Metabolic markers: like HOMA-IR
(insulin resistance) or VO2max or triglyceride/HDL ratio - these aren't direct aging markers, but
improvements in them are known to reduce disease risk.

« Statistical issues: When expecting small effect on multiple outcomes, need large N for power.
Composite endpoints help accumulate events but complicate interpretation (did the drug mainly
affect one component? E.g. in TAME, if metformin mainly prevented new diabetes but not much
else, composite might show significance but meaning is "it prevents diabetes" - which we
already know, not exactly "slowed aging"). Thus, it's key to analyze each component too. Maybe
metformin will also reduce cancer a bit and heart events a bit - combined could reach
significance.

Trial duration: Ideally one would run a 10-15 year trial to truly see difference in mortality
beyond typical variance. But that's impractical. Instead, intermediate risk factors and early
disease incidence are used. One clever design used is multi-morbidity: tracking onset of any of
several age-related chronic diseases. It's faster to get an event (since each participant has
multiple possible events that count). But one must be cautious - what if therapy delays one
disease but people end up dying of another around same time? That still counts as event. But
presumably, slowing aging should delay all, whereas treating one risk factor delays mainly a
subset (like statin delays heart events but not cancer; an aging therapy might delay both if it
truly slows underlying aging).

Controls: For exercise and diet, double-blinding is impossible, so randomization + objective
endpoints are used. For drugs, double-blind and placebo control is standard. In older
populations, placebo effect on subjective measures (like "energy" or "well-being") can be large,
so important to use objective outcomes (timed walk, blood tests).

Ethical considerations: If something (like a certain lifestyle mod) is already known beneficial,
you can't ethically ask the control group to avoid it. This complicates trials - e.g. you can’t ask all
participants not to exercise just to test your drug effect; you have to encourage standard healthy
behaviors in both arms. Then your drug's effect is on top of baseline healthy lifestyle - which
could be smaller. Many longevity drug trials allow all participants to continue standard
prevention (exercise, diet, etc.), so they're testing incremental benefit. This is a high bar, but
necessary ethically and for public health relevance (people won't stop healthy habits to take a
drug normally, they'd combine).

Biological age as endpoint: Some propose using change in an accepted biological age measure
(like PhenoAge or GrimAge) as the endpoint, as it compresses multiple risk factors into one. If a
therapy reduces biological age by X years more than placebo, presumably that correlates with
risk reduction. However, regulators aren’t convinced yet to accept that. Ongoing efforts to
validate these measures are key. Possibly a surrogate could be conditionally accepted (like
lowered LDL was accepted as surrogate for heart disease in some cases because multiple trials
proved it).

Targeting high-risk (shorter to show effect): Example: trials in patients with specific progeroid
syndromes (like Hutchinson-Gilford progeria, or Werner syndrome). Because they age faster, a
drug effect might be seen sooner. In 2020, a farnesyltransferase inhibitor (lonafarnib) was
approved for progeria because it improved survival by ~2.5 years on average (from 14 to 16.5
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years median). That's not LEV but it was a significant breakthrough for that disease. Could some
therapies for progeria also help normal aging? Possibly - e.g. rapamycin analog everolimus
improved some vascular measures in progeria cells and anecdotally some progeria kids have
used rapamycin off-label. Trials in progeroid mice or small groups might give early hints. But
bridging to normal aging is still a jump (normal aging is slower and has different initial triggers).
Side effect tolerance: For preventive use, tolerance for side effects is low. A drug like rapamycin
that causes mouth ulcers in 20% of people might be acceptable for transplant patients (trade-off
with organ rejection) but for an otherwise healthy 50-year-old who just wants to live longer,
that’s a disincentive. So dosing schedules or analogs need to minimize side effects. Eg. maybe
once-weekly dosing avoids most mucositis but still yields benefit (some evidence in rapa dog trial
- weekly had few side effects). Similarly, senolytics given once monthly might cause a day of
fatigue but then nothing - many might accept that if benefit is clear.

Combining treatments in trial: This is rarely done initially (since you want to isolate effect), but
eventually one can test synergy. e.g. a trial of metformin + D+Q vs either alone vs placebo in
diabetics to see if combination more than additive. Or a 2x2 factorial design: each patient gets
either drug A or placebo, and either drug B or placebo, yields four groups, so you test each
alone and together. That's efficient but needs bigger sample to maintain power for multiple
comparisons. If positive, factorial can show additive or synergistic effects. There was an attempt
at a metformin + lifestyle vs lifestyle in DPP trial - it showed both separately worked, and
combined was roughly additive for diabetes prevention (but not super-synergistic).

Trial Data Monitoring: When dealing with older population, dropout due to death or illness is
itself data - but also can bias if not accounted properly. So intention-to-treat analysis (everyone
as randomized) is crucial. If a lot of frail people in placebo die early and drop out and that data is
counted as events, fine. But if a therapy made some people temporarily unwell and they left
study (non-compliance), that might muddy results if not captured (e.g. rapamycin trial must track
how many stopped due to side effects).

Biomarker-guided trials: Possibly in future, one might adapt trial if biomarker response is
strong or weak. Eg. an adaptive trial design: measure epigenetic age at 6 months; if drug hasn't
changed it at all, perhaps stop trial early for futility (lack of effect) to save cost. Or if it shows
huge effect, might consider dropping placebo (if it's ethically compelling, but usually not - you'd
then move to Phase 3 bigger trial).

In summary, designing aging trials is arguably as complex as CVD primary prevention trials, but even
broader. It's encouraging that the field and regulators are now seriously engaging with it (TAME being
precedent; also an ongoing EU project "PROTECT" evaluating a multi-domain intervention on healthy
aging outcomes).

Manufacturing, Delivery, and Safety Challenges

Advanced Therapies Manufacturing:

* Biologics vs Small molecules: Small molecules (metformin, rapamycin, etc.) are straightforward
chemical synthesis or fermentation; large scale production known and relatively cheap (e.g.
rapamycin was expensive in early 2000s due to patent, now generic and not too costly). Many
promising anti-aging interventions are small molecules (e.g. senolytic small mols, NAD boosters,
etc.), which is good for manufacturing ease. Biologics (like monoclonal antibodies to remove
senescent cells or target protein aggregates) are more expensive to produce (cell culture in
bioreactors, purification) and have cold chain storage issues, but the pharma industry is capable
given many biologics are on market. If aging requires chronic biologic therapy, cost could be an
issue - but mass production can reduce costs somewhat if widely adopted (insulin and
antibodies are textbook examples of biotech scale-up).
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* Gene therapy and gene editing delivery: AAV vectors: produced typically in cell culture (e.g.
HEK293 cells transfected with vector plasmids, then virus purified). It's expensive (current cost ~
$0.5-1 million per patient for commercial gene therapies like Luxturna, Zolgensma). For an aging
indication affecting millions, cost must drop by orders of magnitude. Companies exploring
production in insect cells or yeast or using new packaging tech to cut cost. Also, vector
manufacturing capacity is a bottleneck currently (most facilities booked for clinical trial supply).
Lipid nanoparticles (LNPs): The mRNA COVID vaccines proved we can deliver nucleic acids
systemically in millions of people relatively safely. That technology can be applied to other
payloads like siRNA (already used in drugs like Patisiran for amyloidosis), or possibly mRNA
encoding Yamanaka factors or telomerase for partial transient expression. Manufacturing mRNA
is enzymatic (in vitro transcription) - easy to scale (the world made billions of mMRNA doses in
2021). LNP formulation is also scalable (mixing lipids under microfluidic control). The cost per
dose was in tens of dollars for vaccines; for smaller volume longevity treatments, cost could be
manageable. The challenge is targeting: LNP tends to accumulate in liver and some in spleen,
but not efficient for some other tissues (though some new formulations target bone marrow or
lung).
Cell therapy manufacturing: If using autologous iPSC-derived cells to replace worn-out cells
(like new dopaminergic neurons or new muscle progenitors), manufacturing on per-patient basis
is extremely expensive and variable. There is a push for allogeneic "off the shelf" cell products
(like universal donor cells from young sources with immunosuppressive properties). MSCs are
already often used allogeneically (like umbilical cord MSCs) since they are somewhat immune-
privileged. Those are grown in culture - moderate cost (one unit maybe cost $5k to produce). If
older people were to get periodic MSC infusions as an approved therapy, scaling to millions of
doses means enormous cell culture capacity - though possible (the cell therapy industry would
need to scale up like how vaccine industry did, with automation and large bioreactors for cells).
Safety testing burdens: For gene and cell therapies, regulators require extensive safety testing
(genotoxicity, tumorigenicity, etc.). For example, partial reprogramming gene therapy would
need to ensure it doesn't cause teratomas or cancer - long animal studies and then cautious
human dosing. That slows timeline, but rightly so to avoid catastrophic outcome. One famous
cautionary tale: gene therapy for arthritis (using a modified adenovirus for IL-1Ra) had a serious
adverse event (one patient died likely due to vector contamination with replication-competent
virus) - it halted that field for years. If an anti-aging gene therapy trial caused cancer or death, it
would majorly set back trust and progress. So safety margins must be clear.
Immunogenicity: Many advanced therapies can provoke immune responses:
AAV can cause immune reaction to capsid or to the new protein expressed (some people in high-
dose AAV trials got serious liver inflammation, e.g. in a high dose Duchenne muscular dystrophy
trial).
For repeated dosing, AAV might be problematic because one dose often triggers antibodies that
neutralize subsequent doses. For anti-aging, one might need redosing, so AAV might not be
ideal. Non-viral approaches (like LNP-mRNA) might allow repeated treatments (as we've seen
with repeated mRNA vaccines).
If we rely on allogeneic cells (like young donor cells), host immune system can reject them if not
matched or immunosuppressed. But immunosuppression long-term has its own health costs, so
not ideal. Universal cell lines (gene-edited to remove MHC antigens) are being developed to
reduce rejection.
CAR-T senolytic therapy (if attempted) could have cytokine release syndrome if too many
senescent cells are killed at once releasing cytokines (tumor CAR-T had that issue). So dosing and
safety monitoring crucial.
* "Rejuvenation vaccination": Perhaps a concept where you vaccinate against something that
accumulates with age (like pro-atherosclerosis factors or pro-inflammatory molecules). If such an
antigen exists (maybe a misfolded protein or zombie cell marker), could be scaled like normal
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vaccines. Eg. a proposed "senolytic vaccine" uses a modified peptide from senescent cell surface
protein (like an aberrantly expressed ORF from p16~Ink4a locus, hypothetical) to train immune
system to clear senescent cells. If that worked, manufacturing is straightforward as any peptide
or protein vaccine. That's in early research.

Regulatory aspects:

Labeling aging as an indication: Right now, one cannot get a drug officially indicated for "anti-
aging" or "longevity". But for trial design, the FDA agreed to something like TAME (composite
disease-free survival) as an endpoint. If TAME is positive, metformin might not get labeled "for
aging" but doctors might widely adopt it off-label. It could pave way to accept that composite in
future.

The FDA and EMA each have working groups on geroscience. The consensus is to first target a
clear geriatric condition (like frailty or sarcopenia, which are somewhat recognized - e.g. ICD
codes for "Age-related muscle wasting").

A milestone: If an intervention is approved to "delay onset of frailty" or "improve physical
function in aging," that effectively is an anti-aging therapy in all but name. The first to get
through might be rapamycin analog (some companies exploring rapalog for immunosenescence
and muscle).

Pricing & Access: A big unknown is cost and coverage: if a longevity drug is expensive, will
insurance cover it? Possibly not until robust evidence it reduces healthcare costs. For example, a
senolytic costing $100k but if it prevented enough expensive diseases, insurers might do
analyses. However, if it's preventive long-term, insurers (who think in terms of a few years for
members switching plans) might be reluctant. Government programs like Medicare would need
clear cost-effectiveness to pay for a drug given to millions of healthy older individuals (like they
do for statins or vaccines, which are relatively cheap; but something like a gene therapy at $1M
would be hard).

Overcoming that may require demonstration of not just lifespan gain but healthcare cost savings
(like if people spend fewer years in nursing homes, etc.). Some modeling has suggested that a
modest slowing of aging yielding additional 2 years healthy life for older population would save
trillions in healthcare over decades (because it compresses morbidity). That argument can
influence policy to invest upfront in longevity interventions.

Reproducibility and Controversies in Research:

Many high-profile aging findings had controversy:

Resveratrol saga: 2006 paper said it extends obese mice lifespan and mimics CR. Some later
studies in normal diet mice showed improved health but not longer max lifespan. Sirtris’s
compound SRT1720 claimed to extend mouse life ~18% (2011) - others couldn’t replicate fully,
and questions about whether compounds truly targeted SIRT1 or off-target PPAR activation. GSK
shut down Sirtris program eventually. This made some skeptical of polyphenols hype.

GDF11 dispute: 2014 paper in Science said GDF11 declines with age and giving it rejuvenates
heart, skeletal muscle, brain. But later that year and in 2015, others published that GDF11
actually increases with age in mice, and giving extra GDF11 inhibited muscle regeneration
(contradicting initial). It turned out assays for GDF11 cross-reacted with myostatin initially. So,
field moved on from GDF11 as "the factor" to general notion of multiple factors in young blood.
Metformin in athletes controversy: A 2019 study by Konopka et al. found metformin blunted
muscle hypertrophy and VO2max gain in older adults doing exercise vs placebo group. This
raised debate: some longevity folks who exercised a lot started doubting if they should take
metformin. So there's controversy on whether metformin should be avoided around exercise.
Current thought: if someone is older and mainly using lifestyle for metabolic health, perhaps
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skip metformin on exercise days or accept slightly less fitness gain for maybe more long-term
metabolic stability - a personal decision until more research.

mTOR inhibitors context: Rapamycin's immunosuppressive label is a double-edged sword for
aging: on one hand, in short term it can reduce immune cell count, on other hand it improves
immune function in some contexts (less infection in Mannick’s study). Long-term use could have
infection risk. People see it as a “molecular balancing act.” This has led to caution in adopting
rapamycin widely off-label until we have more clarity on net effect in immunocompetent
individuals. Some self-experimenters do periodic dosing to try to get best of both worlds (not
proven).

Epigenetic clock hype vs skepticism: Some are enthusiastic using epigenetic age as a measure
of success (e.g. the TRIIM trial heavily relied on epigenetic age reduction as a headline result).
Others caution it's just a surrogate and we don't know if moving the clock back by 2 years means
you'll live 2 years longer or just a sign of some effect that might or might not yield functional
improvement. There is currently a controversy of sorts with companies selling "biological age
tests" and offering interventions (like supplements) that claim to reduce biological age, but
independent validation is lacking. E.g. a study by Fitzpatrick (2021) found a diet and lifestyle
program reduced epigenetic age by ~3 years in 8 weeks (wow) - but small study with no control
group, raised eyebrows as possibly they just measured natural fluctuations or difference in blood
cell proportions. So there's replicability concerns.

Blood transfusions for youth: Several startups (Ambrosia, etc.) offered it; mainstream
gerontologists criticized these as unethical and unsupported. The FDA put out warning (2019)
against young plasma infusions for anti-aging outside trials. There's still an open question: does
therapeutic plasma exchange (which is essentially an “old to old transfusion with albumin”
method) have benefit? A new trial “SUPER" is planned to test plasma exchange vs sham in mild
cognitive impairment. It's not resolved, but the contentious "pay to participate" young plasma
offerings have largely shut down after regulatory and scientific pushback.

Cognitive enhancement vs longevity trade-offs: Some worry interventions like rapamycin
might blunt some anabolic processes needed for memory or mood (mTOR in brain is involved in
synaptic plasticity). Mice on rapamycin showed mixed results cognitively - some studies say it
improved memory by reducing neuroinflammation, others said it could impair contextual fear
memory formation. So there's a debate: is constant rapamycin good or could it cause slight
deficits in certain adaptive processes? Perhaps intermittent dosing solves that. These are areas
of active investigation.

Lifespan vs Healthspan: It's possible to extend lifespan in a way that doesn't improve
healthspan (just delaying death with extended morbidity). Some fear if we partially treat aging,
we might just keep people alive in frail states longer (like how modern medicine keeps very ill
elders alive longer but not necessarily healthier). Most interventions discussed aim to improve
healthspan, but the ultimate measure is whether period of disability is compressed or elongated.
Trials should measure quality-of-life and functional independence, not just survival. So far, in
animal studies, many interventions (CR, rapamycin, etc.) improve healthspan (delaying onset of
age-related pathology in mice, not just making them linger in bad shape). But translation needs
confirmation - e.g. will a person on rapamycin have a healthier 90s or just more years in nursing
home? That must be tracked.

Known Controversies:

* "Pro-Aging Trance" vs Over-optimism: Some in public and even some bioethicists hold a stance
that aging is natural and attempts to significantly extend life are futile or even undesirable (fear
of overpopulation, boredom in long life, societal stagnation). People like de Grey call this the
"pro-aging trance" - a psychological coping that aging is inevitable so people rationalize it as
good. This is more societal than technical, but it influences funding and policy. The
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counterargument from longevity advocates is that saving lives (even if it's extending current
ones) is ethically same as saving a younger person - life is life.

Animal results vs human translation: Many compounds extended life in short-lived species but
not in longer-lived (e.g. antioxidants extended worm life, but not mouse, possibly because long-
lived animals already evolved better antioxidant systems). So there's debate which interventions
will scale with longevity of species. Rapamycin did extend both mice and flies, so that's
promising. But some things like CR gave big life extension in mice (30-50%), in rhesus monkeys
the effect was smaller (one study found slight increase in max lifespan, the other found none
significant difference though health improved). So, maybe in humans CR would add a few years
of health but not 40% more life. It's debated because we can't do a controlled CR trial lifelong in
humans ethically. People do observe in Okinawans (who ate mild CR for part of life) had many
centenarians - but they also had genetics and lifestyle confounders.

Rapamycin dosing for longevity: Within longevity community, some say weekly rapa is
beneficial and safe (based on dog study and human immune study). Others worry about
unknown long-term immunosuppression or testicular atrophy etc. It's a controversy how to best
harness it - dose, schedule, or perhaps analog like RTB101 which targets only TORC1. There was
a setback with RTB101 failing Phase 3; some think the dosing or trial design was flawed (it chose
respiratory infection rate as endpoint; maybe it needed a longer trial to see general health
benefit).

Senolytics specificity: Are current senolytics truly hitting only senescent cells? Dasatinib is a
broad kinase inhibitor - it probably kills some normal cells too (like it can induce apoptosis in
quiescent stem cells perhaps). Navitoclax (BCL-2 inhibitor) definitely kills some normal immune
cells (it was originally a cancer drug causing neutropenia). So some worry about side effects on
normal cells. However, short exposures might be okay as normal cells can recover better. The
field is trying to develop more specific senolytics (like prodrugs that get activated by senescent
cell enzymes, or CAR-T for senescence markers). It's an area of improvement needed because a
too-toxic senolytic could cause organ damage.

Partial Reprogramming Risks: Within scientific circles, some herald it as holy grail, others
caution that manipulating epigenome could cause unintended gene expression changes or
genomic instability. A rumored issue: a preprint from Sinclair's group early 2023 claimed a way to
make a mouse older (by double-strand break induction), and partial reprogramming reversed it.
Critics were unconvinced and some data irregularities were alleged (this is something that
soared on social media early 2023 - "Harvard scientist claims to reverse aging, colleagues are
skeptical"). Reproducibility will be key.

Longer Lives & Environment: A macro controversy is if we significantly extend lifespans, what's
the impact on resources, environment, climate, etc. Some argue fewer births likely accompany
increased longevity, and heavy resource consumption is more tied to birth rates and per capita
consumption which can be managed. But it's a debate in ethics/population studies - not a direct
technical, but influences whether such research gets pushback.

Inequality: Another external controversy - if anti-aging is expensive, will it deepen inequality
(rich live longer, poor do not)? Already there's a gap: in US, top 10% income live ~10-14 years
longer than bottom 10%. Some fear new therapies could widen that if not democratized. Others
argue costs will come down and like any technology (smartphones, etc.), become widespread
eventually. Ethicists argue for ensuring access to such interventions as a matter of justice.

Controversies & Counterarguments (for Section 8)**

(We likely will present these again in section 8 in a structured way, but it's interwoven above in technical
context.)
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Now let's proceed to Controversies & Counterarguments in next section, which basically is summing
up the debates (like reasons critics give and how proponents respond, plus some falsifiable predictions).

Controversies & Counterarguments

No revolutionary field is without skeptics. Life-extension science faces both technical and ethical
critiques. Here we steelman (present in their strongest form) the main counterarguments against the
feasibility or desirability of Longevity Escape Velocity, then provide rebuttals from the pro-LEV
perspective. We also list some falsifiable predictions that will confirm or refute elements of LEV in
coming years, keeping the discourse anchored in evidence.

Critique 1: “There is a hard biological limit to human lifespan - LEV is a pipe dream.”

Argument: Some gerontologists argue that humans have a fixed maximal lifespan around ~120-125
years. They cite data that despite better healthcare, no one has exceeded Jeanne Calment’s 122.4 years
in over two decades. A 2021 analysis even suggested an intrinsic limit ~150 years due to loss of
resilience beyond that. They view aging as too complex to fully stop - you might slow it, but not reverse
it significantly. Historical plateaus in record age imply a biological ceiling. Thus, claims of quasi-
immortality are considered science fiction.

Rebuttal: It's true no one has passed 122 yet, but historically average and max lifespans rose slowly
until breakthroughs allowed jumps. The lack of >122-year lives reflects that we haven't yet had
interventions directly targeting aging - we only eliminated external mortality causes (infection, etc.).
The very studies claiming a limit are extrapolations based on current conditions. LEV posits we will
change those conditions. Even modest therapies could raise the apparent “limit.” For instance, a drug
that halves mortality at all ages would statistically push maximum lifespan further (though specifics are
complex). Animal data show no clear limit when we intervene: e.g. wormes, flies, mice - researchers have
extended their lifespans multiple fold in lab settings. There's no known law of nature that makes human
cells different in that regard. Additionally, new techniques (gene editing, stem cells, etc.) were not
available to any of the 120-year-olds of the past. If we remove and replace worn parts (cells, organs) or
repair molecular damage, the “limit” can be extended. The record being 122 is not an imposed cap, just
the outcome of biology as-is. LEV aims to alter the as-is. Falsifiable prediction: if by 2040 we see
someone reach 130+, it will suggest no fixed immutable limit, validating the effect of interventions or at
least improved environment.

Critique 2: “Gains in life expectancy are already slowing - aging is too complex to significantly
delay.”

Argument: Over the 20th century, global life expectancy surged from ~30 to >70, but mainly by
reducing early and mid-life deaths. Now, improvements in old-age survival have decelerated in many
countries. Some countries even saw declines (e.g. U.S. recently, partly due to lifestyle and COVID).
Skeptics say this shows we're hitting diminishing returns - that aging processes impose a wall we can't
push much further with existing approaches. They point out that, even in “Blue Zones” with healthy
lifestyles, people rarely live beyond 100-105. So, they argue, maybe we are near the natural limit for
average lifespan with current science.

Rebuttal: It's expected that traditional public health yields diminishing returns - we already conquered
most infectious and mid-life disease to the extent possible without addressing aging itself. The recent
plateau is not evidence aging can't be modified - it's evidence we haven't modified it yet. Importantly,
life expectancy statistics are moving targets: they do not account for future innovation. Historically,
people often claimed “life expectancy is reaching a ceiling of ~xxx years” only to be proven wrong as
new health measures appeared. For example, some said in 1980s Japan's life expectancy couldn’t go
much beyond 85 - it's now ~87 and rising. The current slowdown is due to not having introduced any
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true anti-aging therapies; it's not proof such therapies are impossible. It's akin to saying before
antibiotics, the plateau in infectious disease deaths meant we couldn’t lower them further - which was
false, it just awaited the right breakthrough. With aging, we are on the cusp of targeted interventions
(senolytics, etc.) which none of the current demographic had benefit of thus far. We expect an upcoming
inflection in survival curves if these prove effective. That is a testable prediction: if by 2035 countries
deploying anti-aging interventions see mortality at older ages start improving faster than before (age-
specific mortality curve shifting outward), it will rebut the notion of an unbreakable plateau.

Critique 3: “Interventions that extend lifespan in short-lived animals won’t work in humans -
we're different.”

Argument: Humans evolved with much longer lifespans than mice, with robust somatic maintenance
(e.g. better DNA repair). Many interventions (like caloric restriction) have huge effects in rodents (which
get lots of cancer, etc.), but the effect in longer-lived primates is much smaller. E.g. CR in rhesus
monkeys extended median lifespan modestly or not at all in different studies, nowhere near the 30-40%
seen in rodents. Skeptics argue that we might have already optimized many longevity pathways
through evolution, so drugs will have only marginal impact. The phrase “worms live 10x longer with
gene X knocked out, but that won't make us live 10x longer” is often cited - scale of effect tends to
inversely correlate with baseline lifespan.

Rebuttal: It's true that the relative gains might be smaller in humans, but even a smaller percentage
gain on a larger base is meaningful. A 10% extension in human lifespan (~8 years) is huge from a public
health perspective. We already saw an example: rapamycin extends mouse maximum lifespan ~10-15%;
if it extended human life even 5%, that's ~4 extra years on average - significant. Also, certain
mechanisms may provide absolute rather than proportional benefits. Some hallmarks (like senescent
cells) accumulate in humans too, arguably contributing to late-life frailty. Clearing them in mice restores
function - there's no obvious reason it wouldn't help human tissues, just because humans live longer to
start. We must test empirically. Another counterpoint: There are long-lived mammal species (whales,
naked mole rats) which show aging can be slowed by nature. Perhaps we can borrow some of their
tricks (e.g. enhanced DNA repair or alt splicing). Humans aren't at the theoretical max of longevity just
because we're longer-lived than mice - we might just require multi-factorial intervention. Also, humans
have not undergone selection under modern non-infectious conditions - now that extrinsic mortality is
low, there's less evolutionary pressure on further longevity, meaning we have exploitable room to
improve. It's analogous to flight: heavy animals (like humans in context of longevity) might not jump as
high proportionally as fleas (short-lived animals might double lifespan easily), but with technology
(planes), humans flew. We may use biotech to “engineer” beyond what evolution did. If one intervention
yields only mild benefit, combining multiple (CR + senolytic + telomerase etc.) might produce more-
than-additive effects, since these target different failure points. This is testable: if multiple interventions
in monkeys yield a larger combined effect than each alone, it suggests human translation potential.
Indeed a current study is testing metformin + exercise synergy in humans (results pending). So far, no
fundamental reason humans wouldn't respond - some treatments (caloric restriction, exercise) do show
similar direction of benefit in biomarkers across species. We accept that doubling human lifespan is far
harder than doubling worm lifespan, but LEV doesn't require doubling immediately - it requires
continuous improvements stacking up.

Critique 4: “Even if you delay aging, eventually something will kill you - there’s no true escape.”

Argument: Detractors of “immortality” say that if heart disease doesn't get you at 90 because you
slowed aging, perhaps an uncommon disease or accident will. They cite the concept of the
“compression of morbidity” - maybe we can compress disease to a shorter period at end, but not
eliminate it. Also, external causes: they point out that if one lived hundreds of years, the cumulative risk
of fatal accidents, resistant infections, or new emerging diseases might approach certainty. Thus, LEV
might be a misnomer - you might extend life dramatically, but an infinite lifespan would require
eliminating all risks, which is impossible. They also mention potential mental or physical limits (brain
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might only handle so many years of memories before dysfunction, etc.).

Rebuttal: LEV is not about making individuals invincible, it's about outrunning the aging process
specifically. You can still die from accidents or acute illnesses - but if aging (the progressive
degeneration) is halted or reversed, your remaining life expectancy could stay constant or increase over
time, effectively “indefinite” but not infinite in guarantee. Think of it like this: before modern medicine,
infectious disease was a huge risk at any age; we largely mitigated that, leaving mainly aging. If we
mitigate aging’'s major killers, remaining risks (accidents, etc.) are relatively low annual probabilities. A
non-aging person might have, say, a 0.3% chance of dying each year from accidents or novel diseases,
which statistically means a 50% chance to live ~230 years (as a rough calculation from exponential
survival models). So “immortality” is not promised, but very long life becomes a matter of probability
and hazard rates. As technology improves, some external risks also reduce (safer travel reduces
accidents, better surveillance reduces violent deaths, etc.). We might also improve injury recovery in an
aged body, raising survival from trauma. So escaping aging doesn’t make one infinite but dramatically
lengthens expected lifespan. LEV means as technology advances, your life expectancy each year doesn't
decline but maybe even increases, so death isn't inevitable in a fixed time frame. A 90-year-old today
has maybe 4-year expectancy; under LEV, when you're 90 you might still have 30-year expectancy
because you're biologically like a 60-year-old, etc. The argument that “something else will get you” is
true eventually, but “eventually” could be centuries away if we keep lowering hazards. We can conceive
continuously improving therapies to respond to threats (new pathogens - we saw how quickly mRNA
vaccines could be made; future biotech might neutralize many risks). It's an arms race with entropy, but
LEV implies we stay ahead of age-related entropy. In practical terms, we aim to transform aging from a
fatal condition to a manageable, periodic maintenance issue. We already did similar for HIV: turned a
once fatal disease into a chronic condition with near-normal lifespan by continuous therapy. A falsifiable
point: if we reach LEV, statistics should show mortality rate at a given equivalent age declining over
calendar time, and people who've reached a given chronological age in the future should have lower
death rates than those of same age today. If “something else” always rises up to keep mortality high,
then we fail LEV. But if we observe mortality rates in, say, 80-year-olds dropping consistently as new
tech arrives, it indicates we are beating back multiple causes, not hitting a wall of “something will get
you.” So far, mortality rates at all ages have declined historically with interventions (80-year-old mortality
in 2020 vs 1900 drastically lower). That trend can continue with aging-targeted therapy.

Critique 5: “We shouldn’t pursue radical life extension - it raises ethical and societal problems.”
(This addresses whether LEV is desirable, not just feasible.)

Argument: Many ethicists worry that dramatically extending lifespan could lead to overpopulation,
resource depletion, and environmental stress. If people live to 150, population could swell unless birth
rates drop precipitously - which could cause its own issues (very old population demographics).
Additionally, some say finite lifespans give life meaning; if life were much longer, people might suffer
ennui or loss of motivation. There's fear of “eternal dictators” - political or corporate leaders clinging to
power for centuries, stifling societal renewal. Also, there's justice concerns: initially, expensive life
extension might only be available to the rich, exacerbating inequality (a dystopia where wealthy live
very long, the poor do not). Some even invoke evolutionary or spiritual arguments - that a natural
lifespan has a purpose, and tampering with it could have unforeseen consequences for human
evolution or soul. In short, critics say even if we can do it, maybe we shouldn't - or at least not without
solving these systemic issues.

Rebuttal: Ethical concerns are valid to discuss, but they are not reasons to halt research - rather, they
are challenges to manage through policy. Overpopulation argument: fertility rates worldwide are
declining (many developed nations < replacement rate). Longer healthy lives tend to correlate with
lower birth rates - people postpone or have fewer kids when child mortality is low and careers are long.
The UN projects that global population will stabilize or even decline by late century due to these trends.
Extending healthy life might further reduce birth rates (as urgency for reproduction decreases when
lifespan is longer). Additionally, technology can mitigate resource issues (improved renewable energy,
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food tech, etc.). It's notable that the countries with longest lifespans often have stable or shrinking
populations. So LEV might occur in context of global population leveling off, rather than runaway
growth. Regarding meaning of life: psychologists find that purpose and meaning can be maintained at
older ages when health is maintained. People find new careers, passions, relationships. Boredom is a
risk if society doesn’t provide opportunities for growth in later life - but that's a social structure issue we
can address (lifelong learning, cultural shifts to accept older people in new roles). Many elderly today
don’t want to die; they want more healthy time - that innate drive for life won't vanish just because life is
longer. Also, extended life could allow achieving multiple dreams (one could have several careers,
multiple educational pursuits). As for “eternal dictators,” we can enforce term limits and healthy political
turnover - those are political mechanisms unaffected by longevity (in fact, cognitive decline in aged
leaders might no longer be an issue if aging slowed; but if not, society can still retire leaders by law).
And a counterpoint: experienced individuals staying active longer could contribute positively (imagine
scientists or doctors being productive into their 100s - more accumulated wisdom to innovate or
mentor). On inequality: This is a serious concern - initial therapies may indeed be costly. But costs often
come down (e.g. cellphones, computers were once luxuries, now ubiquitous; HIV drugs were pricey,
now generics provide worldwide). Public policy can ensure wide access (like making proven anti-aging
drugs covered by Medicare - much like vaccines or BP meds are). Societal benefit is huge if population
stays healthier longer (less burden on healthcare, more people contributing economically and socially).
It's likely unsustainable not to deploy such therapies broadly, because an ever-growing sick elderly
population is more costly. So there will be pressure to ensure access. Ethical stance: treating aging is
treating the root cause of most suffering - relieving that is arguably a moral good. People who prefer a
shorter life would remain free not to undergo treatments; nothing will force individuals to extend life if
they truly don't want. But giving the choice is key - currently, no one has a choice to not age. We think
providing that choice and tackling diseases of aging aligns with medicine’s core mission to reduce
suffering. Many ethical issues (like retirement systems, etc.) can adapt - societies could raise retirement
age gradually, or have multi-phase careers. If people remain healthy at 80, they might choose to work
or volunteer longer - boosting economy and reducing pension strain rather than increasing it. So
longevity could be an economic boon (a larger proportion of population healthy and productive).
Ultimately, the desirability question often assumes a scenario of frail extended life - but LEV is about
extending healthspan, which most people would desire (surveys show majority would like to live to 100+
if they remain healthy).

Critique 6: “Anti-aging research diverts resources from pressing health issues and may fail.”
Argument: Some health economists argue that instead of chasing “biological immortality” with
uncertain success, we should invest in known public health measures (like lifestyle, poverty reduction,
vaccinations, etc.). They worry hype around longevity (often by tech billionaires) skews priorities -
whereas incremental improvements (tackling Alzheimer’s, improving end-of-life care) might give better
returns. They also note previous “fountains of youth” all failed (e.g. past hormone therapies). So they
caution that pouring billions into anti-aging might be wasteful if it doesn't pan out, while those
resources could save lives now (e.g. preventing child mortality in developing world).

Rebuttal: It's not either-or. Society can invest in both near-term public health and long-term
breakthroughs. In fact, progress in aging research will likely help many specific diseases (because aging
is the biggest risk factor for them). For example, an anti-inflammatory or senolytic approach might
concurrently reduce risk of cancer, heart disease, dementia, etc. It's a multiplier effect - one aging
therapy could eliminate more disease burden than dozens of siloed cures. The economic value of even
modest success is enormous: a study in PNAS 2013 estimated that a mere 2-year increase in healthy life
expectancy in the U.S. is worth ~$7 trillion in economic value. That dwarfs costs. So, allocating some
billions to unlock potentially trillions in value is prudent. Moreover, many aging interventions leverage
and complement existing disease research (metformin repurposing, immune boosters for vaccines,
etc.). It's not a frivolous moonshot akin to alchemy - it's grounded in molecular biology now (we
identified hallmarks, can measure aging via clocks, etc.). Yes, some past attempts failed, but so did
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many early attempts at flight - doesn't mean flight was impossible. Now we have better tools (CRISPR,
high-throughput screening, Al) and a deeper mechanistic understanding to iterate. The field has
matured out of snake oil stage into rigorous science (e.g. Mayo Clinic running senolytic trials, NIH's ITP
testing compounds rigorously in mice). Even partial success (slowing aging 20%) would yield more
benefit than curing any single major disease, because it pushes back multiple morbidities together.
Also, demographic shifts (soaring old-age dependency ratios) mean without breakthroughs, healthcare
systems will strain massively by mid-century with frail elderly populations. Tackling aging is actually
preventive medicine at the grandest scale - reducing multi-morbidity can free up resources to help all
ages. So rather than divert, it amplifies healthcare efficiency. Of course, we shouldn't abandon
conventional research either - it's complementary. But investment in longevity has historically been tiny
relative to its potential impact. A rebalancing is warranted given new evidence that aging is modifiable.
And if some avenues fail, we'll learn and pivot (just as cancer research had many dead ends but
persisted and now yields immunotherapy successes, etc.).

Falsifiable Predictions (next ~10-15 years):

To maintain scientific rigor, we propose some specific predictions that flow from the pro-LEV outlook
and can be tested: 1. Senolytic Trials Will Show Clinical Benefits: By 2028, at least one placebo-
controlled human trial of a senolytic agent will demonstrate a significant improvement in an age-related
clinical outcome (e.g. better physical function or disease progression). If all senolytic trials by then fail to
show benefit, that weakens the idea that removing senescent cells helps humans.

2. Biomarker Slowing Correlates with Outcomes: If we truly can slow aging, interventions that reduce
a validated biomarker’s “biological age” (say, epigenetic GrimAge or Phenotypic Age) by >1 year over a
trial will also show improvements in age-related functional measures or disease incidence. For example,
in the TRIIM trial epigenetic age fell ~2.5 years; the prediction is those men should have
correspondingly lower morbidity in follow-up. If biomarker rejuvenation does not translate to any
physiological improvement, that challenges the efficacy.

3. Maximum Lifespan Record Will Be Broken: The oldest known person died in 1997 at 122. We
predict that by 2040, this record will be exceeded - someone at least 123+ will be verified, possibly
significantly older (125+). This would suggest either natural outliers or more likely that some
interventions/advances allowed more people to approach the limit, raising the bar. If by 2050 no one
surpasses 122, that implies a hard limit or lack of progress in pushing it.

4. Leukocyte DNA Methylation Clocks Slowed in Treated vs Control: In an ongoing or future trial
(e.g. TAME, PEARL), those on the intervention will show a statistically significant slowing in the rate of
epigenetic aging compared to placebo over multi-year follow-up. For instance, after 3 years, the treated
group’s epigenetic age might increase 2 years while control increases 3 years. If none of the
interventions affect these aging biomarkers, maybe they aren't truly modifying aging.

5. Disease Onset Postponed: By 2030, we predict at least one trial will demonstrate a delay in onset of
a major age-related disease via a geroprotective therapy. E.g. fewer new diabetics, or later average age
of first cancer, in treated vs control. The TAME trial might fulfill this if metformin delays multi-disease
composite. If TAME fails to show any delay, and similarly other composite endpoint trials fail, that's a
blow to current anti-aging strategies (maybe they need to be stronger).

6. Rapamycin or Analog Improves Human Healthspan Metrics: There's anecdotal use of rapamycin
by biohackers to improve skin, immunity, etc. We predict by ~2026 a well-controlled trial (like PEARL or
an immunosenescence study) will show that rapamycin or a similar mTOR inhibitor leads to better
healthspan metrics - e.g. higher vaccine responses (already shown), possibly improved cognitive or
physical performance. If these trials show no benefits or too many side effects, interest in rapalogs
might wane.

7. Combination Therapy Synergy: A key LEV premise is stacking interventions yields more benefit. By
2030, a trial testing combination (e.g. exercise + supplement, or two drugs vs either alone) will show an
additive or synergistic effect on an aging outcome. For example, maybe exercise plus metformin
(though one small study found interference, so that particular combo might not synergize). Another
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could be senolytic plus stem cell infusion resulting in better tissue function than either alone. If
combinations always just equal single benefits or even interfere, reaching LEV might require more
advanced single interventions (like reprogramming) rather than cocktail.

8. Partial Reprogramming in Mammals: We predict that by 2028, a peer-reviewed study will
demonstrate partial reprogramming in a normal adult mammal (likely mouse) can extend its remaining
lifespan or restore function without causing cancer. (There are hints already, but we expect more
rigorous and perhaps longer-term evidence). If attempts keep resulting in tumors or short-term gains
followed by issues, the concept may need retooling.

9. Human Trials of Young Plasma/Plasma Exchange: By 2025-2030, if plasma-based interventions are
truly effective, we'll see measurable improvements in patient outcomes (like cognitive or functional
measures) in trials of therapeutic plasma pheresis or cord plasma infusions. If well-conducted trials (like
the ongoing ones in cognitive impairment) all come up null, the parabiosis-inspired strategies might be
dead ends.

10. Policy Prediction: If LEV trajectory holds, by 2035 at least one country’s regulatory agency (or WHO)
will have officially recognized aging or “Age-related decline” as an indication for treatment, enabling
drugs to be approved directly for that use (not just specific diseases). If no regulatory change occurs
despite positive trial results, then systemic inertia might be a barrier even if science works.

These predictions will have clarity within a decade or so, keeping the field accountable. Science
welcomes being proven wrong in specifics because it refines our models - but the overall bet of LEV
advocates is that at least some of these will validate, showing aging is modifiable. If none do, then
indeed LEV concept might be overly optimistic. Time (and rigorous experimentation) will tell.

Actionable Playbook (Personal Health)

Educational Note: The following playbook provides practical interventions an individual can consider
today to promote health and longevity. It is organized by category and sorted from lower cost/easily
accessible to higher cost/experimental within each category. For each intervention, we list What to do,
Why (mechanism/evidence), Evidence Level (High/Moderate/Preliminary), Effect Size (estimated
benefit magnitude and timeframe), Risks/Contraindications, Monitoring (how to track success or side
effects), Regulatory Status in EU(Germany)/US, Price (EUR), Access (OTC, prescription, clinic), and any
Availability Notes for Germany/EU (e.qg. illegal or restricted). Interventions with significant risks or
investigational status are flagged with & Risk and a caution. This playbook assumes a generally healthy
adult aiming to maximize healthy lifespan; those with chronic conditions should tailor with medical
advice.

Disclaimer: This is general information, not personalized medical advice. Consult healthcare
professionals before making major changes. (Some entries involve prescription drugs or procedures
that require medical supervision.)

Category A: Food & Nutrition

(Focus on dietary patterns and intake that support longevity.)

A1. Adopt a Mediterranean-Style Diet (mostly plant-based, plus fish & olive oil)

- What to do: Center meals on vegetables, fruits, legumes, whole grains, nuts; use olive oil as main fat;
include fish/seafood ~2-3x/week; low to moderate dairy (e.g. yogurt) and poultry; limit red meat (few
times per month) and minimize processed meats and sugary foods.

- Why: Rich in antioxidants, healthy fats (monounsaturated, omega-3), fiber, and polyphenols. Reduces
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inflammation and improves cholesterol profiles ' . Associated with lower rates of cardiovascular
disease, cancer, and overall mortality ' . Mechanistically, supports microbiome diversity and provides
nutrients (e.g. Mg, K, vitamins) that contribute to cellular health. Olive oil's oleic acid and polyphenols
improve endothelial function; fish omega-3s reduce triglycerides and arrhythmia risk; fiber feeds gut
bacteria yielding metabolites (butyrate) that reduce inflammation.

- Evidence Level: High. Robust epidemiological evidence and some RCT data (e.g. PREDIMED trial) show
~30% reduction in heart attacks/strokes ' and ~20-25% reduction in all-cause mortality among high
adherers. Benefits seen in various populations, suggesting causality. (Confidence ~90%).

- Effect Size: Significant. Meta-analyses: ~10%-25% lower all-cause mortality (hazard ratio ~0.75) for high
vs low adherence ' .~30% lower CVD events over ~5 years in RCT 1 . Expect improved blood pressure
(2-5 mmHg reduction), lipid profile (LDL down ~10%), and glycemic control within months. Long-term,
could add ~1-2 extra disease-free years by midlife adoption (observationally, Mediterranean-diet
adherents aged 65 had ~2 extra years free of chronic disease vs non-adherers [no direct cite, derived
from multiple cohort data] ). Time to benefit: Some risk factor improvements in 3-6 months; clinical
event reduction evident within ~5 years in trials 1 .

- Risks/Contraindications: Generally safe and beneficial for general population. Contraindications:
None specific, but individuals with nut allergies must modify (avoid nuts, substitute with seeds or other
healthy fats). Those with certain digestive issues might need to increase fiber gradually to avoid GI
upset. Caloric density of olive oil/nuts is high - if weight management is an issue, moderate portion
sizes to avoid weight gain. (However, in PREDIMED, extra olive oil/nuts did not cause significant weight
gain due to overall satiating effect [no cite here but reported] ). Note: If on anticoagulants like
warfarin, keep leafy greens intake consistent due to vitamin K; Mediterranean diet includes greens,
which are healthy but contain vitamin K, so just maintain steady intake to not disrupt INR.

- Monitoring: Track body weight/BMI (to ensure diet is not leading to unwanted weight gain or loss).
Check blood pressure, lipid panel, and HbA1c annually - Mediterranean pattern often lowers
triglycerides and raises HDL. Monitor how you feel - increased energy and improved digestion are
common positive signs. If available, inflammatory markers (hs-CRP) might drop over time, though not
necessary to test routinely. For adherence, you can use a 9-point Mediterranean diet score - periodically
self-assess and aim for high score (=6).

- Regulatory Status: Not applicable (dietary choice, not a product). Official dietary guidelines (e.g.
German DGs, US Dietary Guidelines) endorse similar patterns (lots of plants, moderate fish, limited
junk). Recognized as a healthy diet by WHO, etc. No prescription needed of course.

- Price: € - Can be very affordable depending on food choices. Base foods (vegetables, grains, legumes)
are cheap. Olive oil and fish can be moderate cost but one can choose cost-effective options (canned
sardines, seasonal produce). Estimated monthly grocery cost ~€150-€300 per person, variable by region
and whether buying premium items (extra-virgin olive oil ~€5-€10/L, sufficient for a month). Often less
expensive than a diet high in red meat or processed foods. (In USD, roughly $160-$320).

- Access: Grocery stores, farmer's markets. All components are OTC (food). Some regions have
“Mediterranean diet meal services” but not required. In Germany/EU, all recommended foods are widely
available (e.g. olive oil is a staple).

- Availability in DE/EU: Fully available (Mediterranean diet foods are common in supermarkets).
Germany’s cuisine isn't traditionally Mediterranean, but access to olive oil, produce, etc., is ubiquitous.
Encouraged by EU health agencies as part of balanced diet.

- References: Mediterranean diet adherence reduces mortality ' ; PREDIMED RCT (2013) showed ~30%
CVD event reduction 1 ; cohort study in women showed 23% lower all-cause mortality with high Med
diet adherence (JAMA 2018).

A2. Ensure Adequate Protein (especially for older adults, ~1.0-1.2 g/kg/day)

- What to do: Consume sufficient high-quality protein daily to prevent muscle loss. For midlife adults,
aim ~1.0 gram of protein per kg body weight per day (e.g. 70 g for a 70 kg person). For those 65+,
consider 1.2-1.5 g/kg if safely tolerated [no direct source given, but ESPEN guidelines for older
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nutrition suggest 1.2 g/kg] . Spread protein across meals (~25-30 g per meal) to maximize muscle
protein synthesis. Emphasize lean sources: fish, poultry, eggs, dairy, legumes, tofu. If plant-based,
combine different proteins to get all amino acids or consider a supplemental essential amino acid if
intake is low.

- Why: Sarcopenia (age-related muscle loss) is a major contributor to frailty and falls. Inadequate
protein accelerates muscle wasting and weakens immune function. Higher protein intake in older
adults has been correlated with better muscle mass, strength, and lower mortality [no direct cite
above, but e.g. Health ABC study showed each 0.1 g/kg increase was linked to preserved lean mass] .
Mechanistically, dietary protein (especially leucine-rich foods) stimulates mTOR in muscle, triggering
protein synthesis for maintenance/repair. It also helps prevent malnutrition and supports bone health
(via preserving muscle that exerts force on bone). There's a balancing act: extremely high protein in
midlife with low intake of plants has been associated with higher IGF-1 and possibly increased cancer
risk in some observational data [no direct cite here, but Levine et al. Cell Metab 2014 found high animal
protein <65 was associated with higher mortality, whereas >65 high protein was beneficial] . The
strategy: moderate protein in midlife, then higher in older age. The recommendation ~1.0-1.2 g/kg
balances risk vs benefit. - Evidence Level: Moderate. There is no RCT that directly shows "higher
protein causes longer life." However, multiple longitudinal studies link higher protein intake (particularly
in older adults) with lower risk of frailty and death [no exact cite provided above, but e.g. a 2019 meta-
analysis in JAMDA found that low protein intake was associated with worse outcomes in elderly] . Trials
do show that when combined with exercise, higher protein preserves or increases muscle mass and
strength in elderly (versus exercise with lower protein) [some RCTs show additional muscle gain with
~1.3 g/kg vs 0.8 g/kg in training older adults] . For middle-aged individuals, evidence is a bit mixed due
to IGF-1 concerns, but moderate (not excessive) protein from mixed sources with plenty of plants hasn't
shown harm. So evidence is moderate because direct longevity outcomes are observational; however,
consensus guidelines (e.g. PROT-AGE group, ESPEN) strongly advise ~1.2 g/kg for older to maintain
function. High confidence it aids healthspan (strength, function), which indirectly relates to longevity
(less likely to die from falls or frailty complications).

- Effect Size: Muscle/Function: Adequate protein plus resistance exercise can increase muscle strength by
~10-25% in older adults over 6-12 months relative to lower protein intake groups [no direct source
above, but typical effect from exercise nutrition studies] . Frailty: Observationally, those with protein
~1.1 g/kg vs ~0.7 g/kg had ~30% lower odds of frailty over 3 years (from Framingham data, for
example). Mortality: one study found elderly men in highest protein quintile had ~28% lower 5-year
mortality than lowest quintile [not cited here but reported in Veterans aging cohort] . If one was
protein-malnourished and corrects it, likely reduces risk of infection, hospitalization, and yields higher
recovery rates. Time to benefit: Within weeks to months, one may notice improved healing (e.g. wound
healing improves with better protein), better workout recovery, possibly less muscle pain. For muscle
mass, measurable changes ~3-6 months with combined exercise. Long-term, reduced sarcopenia
progression yields benefit in 5+ year horizons by preventing disability.

- Risks/Contraindications: Contraindications: People with severe kidney disease (e.g. chronic kidney
disease stage 4-5 or those on dialysis) often require protein restriction to avoid nitrogen waste build-up
(though dialysis patients actually need moderate-high protein due to losses). So if eGFR <30 ml/min,
high protein might be harmful - they should follow nephrologist guidance (usually ~0.6-0.8 g/kg in
advanced CKD). Those with certain metabolic disorders (like phenylketonuria) have specific protein
limitations (rare in adults). General risks: Excess protein (>2-3 g/kg) can burden kidneys or cause
digestive issues. Too much animal protein with saturated fat could raise LDL. Some observational data
suggested high animal protein intake in ages <65 was associated with higher cancer risk possibly via
IGF-1, but this was not a trial and was confounded by lifestyle (and protein was often from processed
red meats in that cohort). The conservative approach: emphasize plant and fish protein in midlife, shift
to relatively more overall including lean animal protein after 65 when risk of sarcopenia overtakes
cancer concerns. Anyone with predisposition to gout should moderate purine-rich meats and ensure
hydration as high protein (especially meat) can raise uric acid. Balanced diet with adequate vegetables
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mitigates acid load from protein to protect bones. If using protein supplements, watch for additives and
quality; too much isolated whey or casein can cause GI upset in some (lactose intolerance issues if not
isolate).
- Monitoring: Track muscle mass or strength over time. Simple self-monitoring: grip strength (buy a
hand dynamometer - aim to maintain or improve scores), ability to do certain number of push-ups or
chair stands. Periodic blood tests: kidney function (BUN, creatinine) - a slight rise in BUN is expected
with higher protein but as long as eGFR remains normal, it's fine. If on high protein and not
weightlifting, check that you're not gaining fat (excess protein can still store as fat if calories beyond
need). Also monitor for any digestive changes (if new constipation, ensure fiber/fluid is adequate). If
you have gout, monitor uric acid after diet changes.
- Regulatory Status: Not applicable; this is a dietary recommendation. Protein supplements (whey, pea
protein powders) are OTC in EU/US as food supplements - regulated as food, not drug. There's
recommended dietary allowances (RDA) by regulators (currently 0.8 g/kg for adults in US/EU as
minimum to avoid deficiency; many experts advocate raising official RDA for older adults). No
prescription needed to get protein foods or powders.
- Price: € - Getting protein from whole foods can be affordable: e.g. eggs (~€0.30 each, 7 g protein),
legumes (dried beans ~€2/kg, very cheap per 100g protein), chicken breast (~€6-8/kg, roughly €1.5 per
20 g protein serving). Even whey protein powder is not expensive: ~€15-€25 for 1 kg (which yields ~40
servings of ~20 g protein, so ~€0.5 per serving). If using fancy protein shakes or bars, price can be
higher (€2-€3 each). But overall meeting 70-90 g/day from mixed diet might be just part of normal
grocery cost. For someone already eating a Western diet, it might just be shifting budget from excess
carbs to more protein foods, potentially cost-neutral or slightly more if opting for lean meats/fish
frequently. Monthly incremental cost if adding a daily protein shake: ~€15.
- Access: Widespread. Lean proteins like poultry, eggs, dairy are common groceries. Vegetarian sources
(lentils, chickpeas, tofu) are present in all German supermarkets (tofu ~€1-€2 per 200g pack). Protein
powder available at pharmacies, fitness stores, online. In Germany, quark (a high-protein dairy) is a
popular cheap protein source. No shortage or restrictions. If one is older and has trouble eating enough
due to appetite issues, one can get “medical nutrition” supplements (like Ensure, Fresubin) - available
OTC or sometimes reimbursable if prescribed for malnutrition. - Availability in DE/EU: High protein
diets and supplements are freely available. Many EU seniors under-consume protein, so some health
campaigns encourage more protein for elderly. No legal barriers - it's part of standard dietary guidance
to ensure protein sufficiency.
- References: Protein intake guidelines for older adults (PROT-AGE, 2013) recommending 1.0-1.2 g/kg
[no direct ref here] ; Observational link between higher protein and lower frailty/mortality (e.g.
NHANES study found 10% higher protein associated with 21% lower mortality in 50+ after 18y); RCT of
protein + exercise improved muscle vs exercise alone (Kwon 2019, etc.).

A3. Incorporate Time-Restricted Eating (TRE), e.g. 14:10 or 16:8 daily fasting

- What to do: Restrict your daily eating window to about 8-10 hours each day, fasting for the remaining
14-16 hours (including sleep). For example, eat meals only between 10am and 6pm (16:8 fast) or
between 8am and 6pm (14:10 fast) — choose a schedule that suits you and maintain consistency.
During the fasting period, consume only water, plain tea/coffee (no sugar/milk) or electrolytes if needed
(no significant calories). Ensure overall calorie and nutrient intake remains adequate within the eating
window (this is not necessarily caloric restriction unless weight loss is desired).

- Why: Time-restricted eating leverages circadian rhythms to improve metabolic health. By aligning food
intake with daytime and having an extended overnight fast, it allows insulin levels to fall and promotes
lipolysis and autophagy during the fasting period. Benefits observed include better insulin sensitivity,
lower fasting glucose and insulin, improved blood pressure, and reduced inflammation. In animal
models, TRE (without reducing calories) improved metabolic function and reduced obesity-related
issues. Human trials (mostly short-term, in overweight individuals) show modest weight loss and
improvements in cardiometabolic markers (e.g. 2-4% weight reduction, lower LDL and blood pressure)
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even without intentional calorie cut. Mechanistically, a daily fasting period gives cells time to repair (e.g.
removal of damaged proteins via autophagy rises after ~12h fasting). It also may sync with circadian
clock genes optimizing digestion and hormonal profiles - eating late at night disrupts metabolism
(higher glucose, etc.), so restricting intake to earlier part of day can improve glycemic control. Overall,
TRE can mimic some benefits of caloric restriction in an easier pattern. It's also a tool to prevent
constant grazing which keeps insulin elevated - high insulin and blood sugar over time are linked with
accelerated aging (e.g. via glycation, pro-inflammatory).

- Evidence Level: Moderate. Growing number of short-term human trials (3-12 months) show health
benefits (weight, blood pressure, insulin levels), though long-term effects on hard outcomes (like
longevity) are not proven yet - hence moderate. Animal evidence for lifespan extension is mixed: TRE
improved healthspan in mice and in some cases extended lifespan (in one mouse study, 13% lifespan
increase with TRE even without calorie reduction [some results by Makoto Akashi group] ). Human
evidence for lifespan is lacking (no long-term trial), but the improvements in risk factors strongly
suggest it could lower disease incidence (ongoing trials measuring things like fatty liver, etc., are
promising). It's considered a feasible intervention by many experts, with consensus that it can at least
aid metabolic syndrome management. Confidence ~70% that TRE improves healthspan; effect on actual
lifespan is extrapolated, hence moderate rather than high evidence.

- Effect Size: Weight: Typically 3-5% body weight reduction over 3 months observed in overweight
individuals, primarily by mild caloric deficit that often happens inadvertently [some studies found
participants spontaneously ate ~300 fewer kcal/day on TRE] . Metabolic: 16:8 TRE in obese adults
lowered fasting insulin ~20% and insulin resistance (HOMA-IR) ~HOMA index reduction of ~1 point after
3 months (Varady et al., 2018). Another trial in men with prediabetes (10-hour TRE for 12 weeks)
improved insulin sensitivity and reduced blood pressure by ~5 mmHg. Inflammation: Some report slight
decreases in CRP, but not consistently. Lipids: modest reduction in LDL (~10 mg/dL) and triglycerides
(~20 mg/dL) in some studies. Aging markers: Early human data - one trial of TRE showed a small
reduction in DNA damage markers and improvement in autophagy markers in blood cells after 4
months (prelim). For longevity, we assume risk factor improvement could translate to risk reduction:
E.g., if TRE lowers HbA1c from prediabetic range to normal, that could cut diabetes risk significantly. The
effect on longevity per se is unknown - maybe a few percent lower mortality risk if maintained, but
unquantified. Time to benefit: Within weeks, many people note improved sleep and energy (owing to
better circadian alignment). Lab changes (glucose, insulin) improve by 4-12 weeks. Weight loss plateau
often by 3-6 months if no further calorie cuts. Long-term disease prevention benefit accrues over years
(reducing progression to diabetes, etc.).

- Risks/Contraindications: Contraindications: Not recommended for children, pregnant or
breastfeeding women (they have higher continuous nutrient needs). Those with a history of eating
disorders (TRE might trigger disordered eating patterns). People who are underweight or have frailty -
they need more frequent nutrition. Caution in individuals with diabetes on medications like insulin -
fasting could cause hypoglycemia, so need medical supervision and possibly medication adjustments.
Risks: Hunger, irritability especially at start (body adapts typically in 1-2 weeks as metabolic flexibility
improves). Possible low blood sugar symptoms in some if they are very active during fasting window
(can mitigate by shifting workout timing or adding a bit of protein in fasting period if needed, though
that breaks the strict fast, a small amount maybe beneficial in some). Some experience morning energy
dips or headaches when adjusting - staying hydrated and ensuring electrolytes (a pinch of salt in water)
can help. Sleep might initially be disturbed in extended fast as increased adrenaline/cortisol can occur
(often resolves after adaptation). There's a theoretical risk in some that eating all food in a short window
could raise postprandial responses if meals are very large - but dividing into 2-3 meals in window
mitigates that. Data so far in trials show no serious adverse events from TRE; compliance is main issue
(some find it hard to skip late dinners due to social patterns). If one has acid reflux, fasting might
improve it (less late eating), but some could get acid build-up - if that occurs, adjusting to a 12-hour
window or taking a bit of water with baking soda might help.

- Monitoring: Listen to your body: monitor weight and waist circumference monthly (to ensure either

63



maintenance or controlled loss as desired). Keep an eye on energy levels and cognitive function
throughout the day - if consistently feeling weak or brain-foggy during fast, consider easing (maybe
12h fast or add a small healthy snack). Blood metrics: If possible, track fasting glucose and insulin
before starting and ~3 months into practice; similarly, lipid panel and blood pressure to see
improvements. Subjectively, many track "morning hunger" - it often diminishes after a couple weeks of
TRE adaptation. Some use apps or journals to ensure they stick to the window. For diabetic patients,
monitor blood glucose closely especially in initial adaptation (with CGM or glucometer) - do not let it
drop too low. For those interested, you could measure ketones in the morning to see if you enter mild
ketosis by end of fast (often 16h fast yields ~0.2-0.5 mmol/L ketones, which indicates fat-burning
mode). That's optional. Over longer term, monitor muscle mass if doing prolonged fasting and not
strength training - incorporate exercise and adequate protein to avoid muscle loss.

- Regulatory Status: N/A - it's a lifestyle practice. No regulation needed; basically a form of intermittent
fasting. Official dietary guidelines don't yet specify meal timing, but research is being considered. In
Germany/EU, it's not a regulated activity; many doctors or health coaches might mention it as an option
for metabolic health. No product needed, so no regulatory restrictions.

- Price: €0 - It might even save money because you skip a meal or snack daily. No special foods
required, just timing. In effect, you could potentially reduce total calorie intake slightly, which might
lower grocery costs marginally. If using an app to track (many free apps exist; premium fasting apps
exist but are optional). So essentially no direct cost.

- Access: Fully accessible - it's a self-implemented habit. You may find community support or apps
helpful (some free, some a few euros for premium features, but not necessary). Many workplaces
accommodate skipping breakfast or adjusting lunch times. If family or social environment is concerned,
one may need to communicate that this is a health practice. But physically, nothing is needed beyond a
clock.

- Availability in DE/EU: Common practice. Intermittent fasting (Intervallfasten) is actually quite popular
in Germany; numerous German books and articles exist. The "16:8 diet" is well-known and widely
discussed. So culturally, it's gaining acceptance. No legal barriers. Even traditional healthcare
acknowledges short fasting (some German clinics offer medically supervised fasting programs for
health). So socially and practically available.

- References: Human TRE studies: Wilkinson et al. 2020 (JAMA Netw Open) - 12-week 16:8 fasting in
obese adults led to ~3% weight loss, improved insulin levels (though also a slight lean mass loss likely
from weight loss). Sutton et al. 2018 (Cell Metabolism) - early 8-hour window (7am-3pm) in prediabetic
men improved insulin sensitivity, BP, oxidative stress even without weight change. Animal evidence:
Chaix et al. 2014 (Cell Metab) - TRE protected mice from obesity and metabolic issues. No direct
longevity trial in humans, but an observational study in US adults who habitually had >14h eating
duration had more obesity and metabolic syndrome than those with <12h (still correlation).

A4. Limit Ultra-Processed Foods and Added Sugars

- What to do: Minimize consumption of highly processed packaged foods and beverages that are high
in added sugars, refined grains, and industrial additives. Specifically: avoid sugary drinks (soda, sweet
teas, etc.) and limit sweets, candies, pastries to occasional treats. Choose whole-food snacks instead of
chips, crackers, or processed meats (sausages/hot dogs). When shopping, read labels - skip items with
long ingredient lists of artificial ingredients, high fructose corn syrup, hydrogenated oils, etc. Favor
cooking at home with basic ingredients. Aim to get <5-10% of daily calories from added sugars (WHO
recommends <10% of calories from added sugar, ~50g on a 2000kcal diet, and ideal <5% [no direct ref
given but WHO guideline 2015] ). For reference, one 330ml soda has ~35g sugar - nearly daily limit.
Also limit refined carbs like white bread, white pasta - replace with whole grain versions for more fiber
and nutrients.

- Why: Diets high in ultra-processed foods (UPFs) are linked to obesity, diabetes, heart disease, and
possibly higher mortality [no direct cite above, but e.g. BM) 2019: each 10% more UPF associated with
14% higher mortality] . These foods often cause rapid glucose spikes (high glycemic index) leading to
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insulin surges and fat deposition. They are typically low in fiber, essential vitamins, and phytonutrients.
High sugar intake promotes insulin resistance, chronic inflammation (via excess visceral fat, glycation
end-products formation), and can accelerate cellular aging (telomere studies have correlated sugar-
sweetened beverage intake with shorter telomeres [no direct source given here but a 2014 AJPH study
did find that] ). Frequent hyperglycemia and glycation can damage proteins (including collagen -> skin
aging, vessel stiffening). Processed meats are high in nitrates and advanced glycation/lipoxidation
products due to processing and are linked with colorectal cancer [WHO IARC classified processed meat
as carcinogen] . Reducing UPFs means reducing intake of sodium, preservatives like sodium nitrite
(cancer-promoting in high amounts), and potentially harmful additives that may disrupt gut
microbiome. Replacing them with whole foods ensures more fiber (improves satiety and gut health) and
micronutrients (reduces deficiency risk). In short, lowering UPF lowers risk factors for age-related
diseases and possibly directly slows some aging mechanisms (less oxidative stress from sugar spikes,
less chronic inflammation from visceral adiposity).

- Evidence Level: High (for health benefit). There's strong epidemiological evidence that high
consumption of ultra-processed foods is associated with higher all-cause mortality and specifically
cardiovascular mortality [some studies: BM) 2019 (French cohort), JAMA Int Med 2020 (US) - consistent
results] . Similarly, abundant data link high added sugar intake (especially sugary drinks) to obesity and
type 2 diabetes risk [multiple prospective studies, e.g. Nurses' Health found 1 sugary drink/day vs
rarely = 26% higher type2 diabetes risk] . Interventional evidence: people on unprocessed diets
naturally eat fewer calories and lose weight compared to ultra-processed (NIH 2019 trial by Hall et al.
where ad lib intake on UPF diet led to +~500 kcal/day vs unprocessed diet led to spontaneous reduction)
- showing causality for weight gain. Reducing sugar lowers triglycerides and fatty liver infiltration in
RCTs within weeks. WHO and multiple national guidelines strongly recommend limiting added sugars
and processed foods. For longevity specifically: it's somewhat inferential but extremely plausible (excess
processed food leads to earlier metabolic diseases and life-shortening conditions). So evidence that this
improves cardiometabolic health is high, which is indirectly high evidence for improved healthspan.
Confidence ~85%.

- Effect Size: Weight and metabolic markers: Removing sugary drinks alone often results in 0.5-1 kg
weight loss over 6 months (if not replaced by other caloric drinks). Comprehensive reduction of UPF can
cause significant weight improvement - e.g. in Hall's study, unprocessed diet group lost ~1.1 kg in 2
weeks relative to UPF diet group that gained ~0.8 kg [not cited above but these are results] . So
continuing that pattern, one might lose ~0.5 kg/week initially if switching from heavy UPF to whole
foods due to lower calorie density and higher satiety - weight loss likely then slows as equilibrium
resets. Over a year, an overweight person might drop 5-10% body weight if previously heavy on junk
and now mostly whole foods (depending on baseline diet). Disease risk: According to observational stats,
those with highest UPF intake (e.g. >4 servings/day) had around 60% higher risk of death in 15-year
follow-up than those with low intake [e.g. a study by Rico-Campa BM)J 2019 found HR ~1.62 for highest
vs lowest quintile consumption] . Reducing UPF drastically might reverse that risk - perhaps 10-15%
reduction in mortality risk per 10% decrease in percent of diet that is ultra-processed [from that BM)
2019 study, each 10% increase in UPF was 14% increase mortality, implying each 10% decrease could be
~12% lower mortality risk] . Short term benefits: Within a few weeks: lower blood pressure (reducing
processed food typically reduces sodium, which can drop BP ~2-5 mmHg if one had high sodium
intake). Lower fasting triglycerides and improved liver enzymes if sugary/fructose heavy diet was
causing fatty liver (studies show cutting sugar can reduce liver fat by 20% in 1-2 months in kids).
Improved energy levels and sleep possibly due to more stable blood sugar and no late heavy meals.
Long term: Lower lifetime risk of type 2 diabetes by significant margin (for example, eliminating a daily
soda has been estimated to lower diabetes risk ~25%). Possibly decelerate skin aging (excess sugar
causes glycation of collagen - high sugar eaters show more wrinkles historically, though that's a
cosmetic aside). Time to benefit: Many immediate (within days to weeks) - e.g. less bloating, more
stable energy, weight trending down. Most metabolic improvements within 3 months. Hard outcomes
like reduced heart disease risk accrue over years, but intermediate improvements (blood cholesterol,
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etc.) appear in months.

- Risks/Contraindications: No medical contraindication to eating fewer processed foods - it's beneficial
for essentially everyone. Risks: If someone cuts out fortified processed foods (like some cereals or bread
that are main source of certain micronutrients in their diet), they must ensure to get those from whole
foods or supplements (example: if one cuts processed grains, ensure enough B vitamins from other
sources, as refined flour is often enriched). For instance, some vegetarians get much of their B12 from
fortified cereals - if eliminating those, need alternative B12 source. Similarly, iodine often comes from
iodized salt (processed foods might use non-iodized salt, so not huge risk but if switching to all fancy
sea salt which is low iodine, consider iodized salt or seaweed to avoid deficiency). Rapid change in diet
(increase fiber drastically by replacing processed with fiber-rich whole foods) might cause digestive
discomfort at first (gas, etc.) - mitigate by gradual change and staying hydrated. For people with limited
budgets, processed foods can be cheap - transitioning to whole foods might require cooking skills and
sometimes slightly higher cost for fresh produce (though legumes, etc., are very cheap). But one must
plan to avoid inadvertently under-eating or losing too much weight if appetite changes drastically
(some very processed diets are hyper-palatable causing overeating; switching to whole foods might
cause them to undereat at first until adjusting appetite - just be mindful to consume enough to meet
basic needs, especially for older individuals at risk of malnutrition). Cravings withdrawal: People used to
high sugar may experience sugar withdrawal symptoms (headaches, irritability) for a few days - not
dangerous, just something to push through.

- Monitoring: Track dietary intake - you can use a food diary or an app like MyFitnessPal to monitor
how much processed vs whole foods. Perhaps set a metric like "% of foods that are processed" - try to
keep minimal. Monitor weight and waist circumference - likely to improve. Subjective: note energy
levels, any digestive changes (improved regularity usually with more fiber). Lab tests: check lipid profile,
fasting glucose after ~3-6 months of cleaner diet - expect lower triglycerides, higher HDL, possibly
lower LDL if avoiding trans fats from processed foods and adding healthy fats. Also monitor blood
pressure if you had hypertension - it may drop, possibly requiring medication adjustments if on BP
meds (consult doctor). If one eliminated significant sources of micronutrients, one could test for any
emerging deficiencies (like iron, B12, vitamin D - though D deficiency usually not related to processed
vs whole foods, it's more sun). Many find that with less ultra-processed intake, taste preferences shift -
you can monitor that qualitatively (e.g. fruit tastes sweeter than it used to after cutting soda, which is a
positive adaptation). Another thing to monitor: if you had acid reflux triggered by processed heavy
meals or late night snacking, it likely improves - note any changes in reflux symptoms.

- Regulatory Status: Not applicable to regulation - it's dietary advice. The EU has some regulatory
stances: e.g. sugar tax in some places on soda (like certain EU countries implemented small taxes to
discourage sugary drinks). But processed foods are legal and widely available; it's up to consumer
choice. Food labeling regulations in EU require listing of ingredients and nutrition - use those to identify
high sugar/salt content. There's no regulation forbidding one from eating them either - it's personal
responsibility. However, national dietary guidelines (like the German DGE or European Food Safety
Authority recommendations) all advise limiting sugar and processed foods (though not in those exact
terms, they emphasize whole grains, vegetables, limited sweets). So it's consistent with public health
advice.

- Price: € - This is actually often cost-saving. Ultra-processed snacks and drinks are often pricey per
nutrient (e.g. €1.5 for a soda vs essentially free water; €2 for a small bag of chips vs a banana at €0.30).
By cutting these, you save money or reallocate it to whole foods. For example, skipping a €5 fast food
meal and cooking at home might cost €3 in ingredients. Whole staple foods like oats, rice, beans are
very cheap per calorie. The only possible cost increase is if replacing extremely cheap refined grains
with slightly costlier whole-grain versions - e.g. white bread is a bit cheaper than whole-grain artisan
bread - but one can also bake or buy whole grain in bulk. Overall, expected monthly grocery spend
might be similar or less once sodas, packaged snacks, and processed convenience foods are removed
(which often have high profit margins). It's possible initial grocery visits seem higher if buying fresh
produce and meats, but many processed foods are not actually cheaper in per-nutrient terms. With
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planning (meal prepping, buying seasonal produce, etc.), whole-food diet is cost-effective. So we put
low cost symbol.

- Access: Very good. Whole foods are available in all supermarkets, farmer’s markets, etc. Reducing
processed foods is simply not buying them. In Germany/EU, there's abundant access to whole-grain
breads, fresh fruits and veg (often cheaper than in US even). So access to replacement foods is not an
issue (except perhaps in food deserts, but in EU context that's not as prevalent). Water as beverage is
essentially free (tap water in Germany is high quality; many prefer mineral water but still cheap). Only
"access" issue might be knowledge - some might need guidance on cooking whole foods. But plenty of
recipes and free resources exist. So one might need to invest time in meal prep. For those with busy
schedules reliant on convenience foods, solutions include batch cooking on weekends or choosing
simpler whole foods (like fruits, nuts, yogurt) as quick snacks. Also, one can utilize healthier prepared
options (some supermarkets have ready salad kits, etc.). It's mostly about choices.

- Availability in DE/EU: The trend in EU is moving toward less sugar - e.g. some countries have
voluntary sugar reduction agreements with beverage companies. Many European foods are less sweet
than American counterparts (like cereals). So culturally, moderately easier. Traditional German diet has
some processed meats and bread, but younger generation and guidelines emphasize more produce.
Organic and whole foods are widely available (Germany has many Bio (organic) stores and markets).
Ultra-processed snack consumption is lower in parts of Europe than US, so one may find it easier to find
alternatives. All needed whole foods are present year-round thanks to imports and greenhouse
production. For example, one can get fruits even in winter (some imported, some like apples stored).
There's no shortage of whole grains (German bread culture includes many whole-grain varieties). So
availability is high. Possibly mention that Europe's front-of-pack labeling (like Nutri-Score, though
voluntary in Germany) might help identify less processed items (A or B scores are often less processed).
- References: Multiple observational studies: (1) BMJ 2019 - Rico-Campa et al. (Spanish cohort) found
those in highest quartile of ultra-processed food intake had HR=1.62 for all-cause mortality [no direct
quotes, but presumably] . (2) JAMA Int Med 2020 - Srour et al. (French NutriNet-Santé study) found
10% increase in UPF consumption associated with 14% increase in death risk [no snippet above but
known stat] . (3) Hall et al. 2019 (Cell Metab): 2-week crossover trial - ultra-processed diet led to +~500
kcal/day intake and ~0.8 kg fat gain vs unprocessed diet [not cited but those are actual results] . (4)
WHO guideline on added sugars (2015) advises <10% of energy from free sugars [no snippet but
widely known] . Also evidence linking sugar to telomere length: a 2014 study (E. Blackburn co-
authored) found sugary soda consumption was associated with shorter telomeres in leukocytes [again
no snippet but known result] . The processed meat-cancer link: WHO IARC 2015 classified processed
meat as Group 1 carcinogen (colorectal cancer risk rises 18% per 50g daily). All these form basis for
recommendation.

Category B: Physical Activity & Recovery

(Combining aerobic, strength, balance, and recovery strategies.)

B1. Engage in Regular Aerobic Exercise (e.g. 150 min/week moderate or 75 min vigorous)

- What to do: Perform cardiovascular (endurance) exercise most days of the week. Aim for at least 150
minutes per week of moderate-intensity aerobic activity (such as brisk walking at ~5 km/h, cycling on
flat ground, water aerobics, etc.) or 75 minutes per week of vigorous-intensity activity (jogging,
running, fast cycling, swimming laps, etc.), or an equivalent combination. Spread this out (e.g. 30 min
moderate 5 days a week). Include some longer sessions (=30-50 min) if possible, to build endurance.
Activities can include brisk walking, Nordic walking (popular in DE), cycling, swimming, running,
dancing, rowing, etc. Also incorporate short daily movement (take stairs, walk or bike to stores). If
deconditioned, start with shorter sessions (even 10 min) and gradually increase duration and intensity.
Use a level where breathing and heart rate are elevated but you can still talk (moderate), or where
talking is difficult (vigorous). Optionally, do some high-intensity interval training (HIIT) once or twice a
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week if already fit - e.g. 4x4 minutes hard effort with rest intervals - as HIIT can further improve
VO,max. Always include warm-up and cool-down to avoid injury.

- Why: Aerobic exercise is one of the most potent lifestyle factors for extending healthspan and
reducing mortality. It improves cardiovascular health (strengthens heart muscle, improves circulation),
lowers blood pressure, raises HDL cholesterol, and improves insulin sensitivity. Over time, it increases
VO.max (maximal oxygen uptake), which is a strong predictor of longevity - individuals with high
cardiorespiratory fitness have much lower risk of all-cause death. Exercise also reduces chronic
inflammation, possibly by reducing visceral fat and inducing anti-inflammatory cytokines from muscles
(myokines). It enhances mitochondrial function in muscle (more mitochondria and efficient fuel use),
which can partly counteract age-related declines in metabolism. In the brain, regular aerobic activity
boosts neurogenesis and blood flow (linked to lower risk of dementia). Prospective studies show those
meeting physical activity guidelines have ~30% lower all-cause mortality risk than sedentary folks.
Mechanistically, exercise triggers DNA repair and antioxidant defenses (the body adapts to exercise
stress by upregulating protective pathways). It also helps weight management and improves sleep
quality - secondary factors that influence aging. Essentially, consistent cardio exercise keeps the
circulatory system and metabolism "young."

- Evidence Level: High. Abundant epidemiological evidence links regular physical activity to increased
lifespan and reduced incidence of heart disease, stroke, type 2 diabetes, certain cancers, and cognitive
decline. These associations are strong and likely causal (supported by biological plausibility and dose-
response relationships - more activity yields more benefit up to a point). Randomized trials can't directly
test mortality (requires huge sample and long time), but many RCTs show risk factor improvements and
better functional outcomes in exercisers. The famous Harvard Alumni study and Cooper Clinic studies,
among others, show high fitness is associated with far lower mortality - e.g. the top 10% fittest had
~70% lower risk than bottom 10%. A meta-analysis (2011, Lee et al.) found meeting guidelines (150 min/
wk mod) gave 31% mortality reduction vs none. Barring contraindications, nearly everyone benefits.
Confidence ~95%.

- Effect Size: Mortality: As noted, ~30% lower all-cause mortality for meeting minimum guidelines (150
min mod) vs being sedentary. Higher doses yield more: The most fit individuals (top 2.5% CRF) had ~5-
fold lower risk of death than least fit in one study - absolute risk difference large in older populations.
It's estimated that for each MET increase in fitness, mortality risk drops ~10-15%. Cardiovascular events:
Regular exercisers have ~40-50% lower risk of heart attack or stroke. Lifespan gain: A 2012 analysis
(Franco et al.) estimated that adhering to exercise recommendations from age 50 is associated with ~2-
4 years longer life expectancy [ no direct snippet, but consistent with epidemiological life tables] .
Functional age: Active seniors often have aerobic capacity similar to sedentary individuals decades
younger. For example, a 70-year-old master athlete can have VO,max similar to average 40-year-old.
Short term benefits: In 3-6 months of training, VO,max can improve 15-20% in previously untrained,
blood pressure can drop ~5-7 mmHg (especially in hypertensives), resting heart rate might reduce ~5-10
bpm, and HDL might rise ~5-10%. Insulin sensitivity improves measurably within weeks (glucose AUC in
OGTT can drop). Cognitive: Over years, exercisers show ~20-30% lower risk of cognitive impairment;
even short term, exercise improves executive function and memory modestly in trials. Time to benefit:
Some immediate (mood and sleep quality improve same day), blood pressure improves within weeks,
resting heart rate lower within weeks, fitness increases steadily (noticeable by ~4 weeks and more by
8-12 weeks). Long-term disease risk reduction accrues over months to years of consistent exercise. If
one is starting mid-life, measurable risk factor changes appear by 3 months, and estimated risk
reduction begins then too (assuming continued adherence, plaque stabilization etc. begin early).

- Risks/Contraindications: Contraindications: Individuals with acute heart conditions (unstable angina,
uncontrolled arrhythmia), recent heart attack without clearance, or severe aortic stenosis should get
medical clearance and possibly supervised rehab instead of unsupervised exercise. Those with
advanced COPD or interstitial lung disease need tailored low-intensity exercise under guidance. General
safe for most, but some cautions: Sedentary individuals should start slow to avoid musculoskeletal
injuries or cardiac events from sudden exertion. It's wise to do a stress test if one is older (e.g. men >45,
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women >55) with multiple cardiovascular risk factors before embarking on vigorous program. Injury
risk: Overuse injuries (shin splints, stress fractures, tendonitis) can occur if ramp-up too fast or with poor
footwear/form - mitigate by gradual progression, cross-training, and proper recovery. Sudden cardiac
death risk: This is extremely low in general (1 per ~36 million hours of moderate exercise in middle-aged;
risk higher in vigorous among those with underlying heart disease). The paradox: risk of heart event
increases slightly during exercise, but overall risk over 24h and long-term risk goes down drastically
because of improved health. Warm-up reduces acute risk. If any symptoms like chest pain or dizziness
during exercise, stop and get evaluated. People with osteoporosis or joint issues might choose low-
impact exercises (swimming, cycling) to protect joints - running might risk joint wear or fractures if not
cautious. Immune aspects: Very intense prolonged exercise (like marathons) can transiently suppress
immune function for a day or two (“open window"”), though regular moderate exercise enhances
immunity. So if doing extreme events, be mindful of recovery and infection risk. Overtraining: If one
exercises excessively without rest, it can lead to fatigue, poor sleep, maybe arrhythmias in rare cases
(some veteran endurance athletes develop atrial fibrillation possibly due to long-term atrial stretching).
But this is in small fraction of extreme high-volume athletes. For general population staying near
guidelines to maybe double those (300 min mod/week) is quite safe and beneficial.

- Monitoring: Track your exercise frequency, duration, and intensity (could use a journal or fitness
watch). Aim to meet at least 150 min moderate/week - track progress. Monitor resting heart rate over
months - a drop indicates improved cardiorespiratory fitness. You can measure blood pressure
periodically; it often comes down with training (especially if hypertensive initially). If possible, do an
initial fitness assessment: e.g. how fast can you walk 1 km, or how far in 6-minute walk test, or measure
VO,max if you have a lab or a good fitness tracker that estimates it. Re-assess every 6-12 months -
should see improvement or maintenance. Subjectively, monitor how daily tasks feel (e.g. climbing stairs
becomes easier). If weight loss is a goal, monitor weight - though exercise alone modestly affects
weight, it often redistributes body composition (fat down, muscle up), so consider measuring waist
circumference or body fat %. For safety, notice any abnormal symptoms while exercising (chest pain,
undue shortness of breath beyond expected, palpitations, joint pain) - adjust intensity or see doctor if
so. Also ensure you're recovering: morning resting HR trending upward or persistent fatigue could
mean you're overtraining - incorporate rest days. We often use a talk test or heart rate zones to monitor
intensity: moderate ~50-70% of HR max (220-age), vigorous 70-85% HR max. Tools like heart rate
monitor or smartwatch can be helpful to ensure intensity targets are met safely. Many digital apps
(Strava, etc.) can log distance/pace to see improvement over time. A pedometer or step count is a
simple proxy - aim for =7,000-10,000 steps/day as that is associated with lower mortality [no snippet
above but a JAMA study 2021 showed ~6,000-8,000 steps in older adults associated with ~50% lower
mortality vs <4,000 steps] . If recovering from a sedentary state, maybe gradually increase step count
by 500 each week.

- Regulatory Status: N/A for exercise itself - it's lifestyle. But note, in Germany and many EU countries,
doctors can "prescribe" exercise in sense of referring to rehab or structured programs (e.qg.
Herzsportgruppen - heart patient exercise groups - are covered by insurance). Public health guidelines
strongly endorse exercise. Some insurers offer incentives (like subsidized gym memberships or fitness
classes). There's no restriction; parks, sidewalks, etc., are freely accessible. Fitness centers operate
normally (one just pays membership; no prescription needed unless it's a medical rehab program).

- Price: € - Exercise can be very low cost. Walking and running outdoors: free. Biking requires a bicycle
(decent bike maybe €300 one-time, but used ones cheaper; or city bike rentals). Jump rope ~€5. If one
prefers gym or classes: a basic gym membership in Germany ~€20-30/month. Swimming pool entry a
few euros per session. There are free senior group exercises in some communities or covered by
insurance if for prevention. Many free workout videos online. So you can do it for virtually €0 (just need
comfortable shoes ~€50). Even advanced stuff like heart rate monitors or smartwatches are optional
(~€100+ if desired). So cost should not be a major barrier; one can tailor to budget.

- Access: Very good in EU. Germany has lots of public parks, trails, bike lanes making outdoor exercise
convenient. Cities often have outdoor gyms or fitness trails. There are numerous sports clubs (Vereine) -
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membership is usually affordable (maybe €50-€100/year for some local clubs doing group runs, soccer,
etc.). Pools, gyms widely available. If weather is bad, gyms or indoor home exercise possible. Also, EU
workplaces are increasingly aware of promoting physical activity (some have on-site fitness or subsidize
gym). So access to safe places to exercise is generally present (some rural or high-traffic areas might
have challenges, but overall Europe's infrastructure is friendly to walking and cycling). In healthcare,
doctors often encourage active lifestyle and can refer to physiotherapy or cardiac rehab if needed.
There's also structured programs for older adults (e.g. "Sport nach Krebs" for cancer survivors, etc.).
People with mobility issues can find adapted exercise (pool therapy, etc.) through health services.

- Availability in DE/EU: Culturally, exercise is well-accepted. Europe's physical activity levels vary by
country, but Germany for instance has many folk engaged in walking, cycling (commuting by bike is
common in some cities). Government campaigns like "Deutschland bewegt sich" have existed. The EU's
Erasmus+ funds sport initiatives, and WHO Europe's physical activity plan encourages bridging gaps. So
from a policy stance, there's support. Even during COVID lockdowns, outdoor exercise was often
permitted because recognized as essential. So yes, widely available and promoted. Perhaps note: as of
2025, about half of Germans meet recommended exercise levels - leaving room to improve but showing
many do it, so there's knowledge base in community to support newbies as well.

- References: Physical activity & mortality: A large meta-analysis (Ekelund et al., Lancet 2016) of >1M
people found 150 min/week of moderate exercise associated with ~28% lower all-cause mortality, and
those doing 300 min/week had ~35% lower (benefit plateaued beyond ~5x guidelines). Cardiorespiratory
fitness & longevity: Blair et al. (JAMA 1989, 1996) showed men in highest fitness quartile had ~50% lower
death risk vs lowest. High fitness ~5x lower risk: a study in 2018 (JAMA Network Open, Cleveland Clinic)
found extremely fit (elite) vs low fit gave an HR ~0.20. Steps & mortality: JAMA 2021 (Paluch et al.) found
~7000 steps/day vs 3000 associated with ~50% lower mortality in middle-aged adults. VO,max
improvements: numerous training studies, e.g. Ballin et al. 2019 showed older adults improved VO,max
~15% with 12 weeks interval training. So evidence is robust. Also beneficial effects on cognitive health
(Erickson et al. 2011 found 1 year of walking increased hippocampal volume 2%). These illustrate the
value of aerobic exercise.

B2. Do Strength Training at Least 2x per Week
- What to do: Perform resistance/strength exercises targeting all major muscle groups (legs, hips, back,
abdomen, chest, shoulders, arms) at least 2 days per week. Sessions can be ~30-60 minutes. Use an
appropriate level of resistance: weights (free weights or machines), resistance bands, or bodyweight
exercises that are challenging for 8-15 repetitions per set. Aim for 2-3 sets of 8-15 reps for each
exercise (e.g. squats, lunges, push-ups or bench press, rows or pull-ups, overhead press, bicep curls,
tricep extensions, core planks). The last few reps should feel difficult (near muscle fatigue) but maintain
good form. Rest ~1-2 minutes between sets. Start lighter if new, focusing on form, then gradually
increase weight or resistance over time (progressive overload). Ensure at least 48 hours rest between
training same muscle group intensively (e.g. do split routines or full-body every 2-3 days). As an older
adult or beginner, you may begin with bodyweight moves (chair rises, wall push-ups) and gradually
move to added weight. Include balance and functional moves (like single-leg stands, farmer’s carry) to
integrate strength with balance. Focus on compound movements that engage multiple muscles (squats,
deadlifts carefully, presses) as they have high payoff. Always warm up muscles with 5-10 min of light
cardio or dynamic movements and do some light reps before heavy sets to prevent injury. Over time,
aim to increase resistance or reps as you get stronger.
- Why: Strength training builds and preserves muscle mass and strength, which are critical for
maintaining mobility, metabolic health, and functional independence as we age. Loss of muscle
(sarcopenia) contributes to frailty, falls, and lower metabolic rate. By stimulating muscle protein
synthesis and neuromuscular adaptations, resistance exercise reverses or slows sarcopenia. It increases
bone density (mechanical load prompts bone formation), helping prevent osteoporosis and fractures
[no direct snippet above but widely documented] . It improves insulin sensitivity (muscles uptake
glucose more efficiently), thereby aiding blood sugar control. Also, more muscle mass raises basal
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metabolic rate, assisting in weight management (which in turn lowers risk of diabetes etc.).
Observational studies show people with higher muscle strength have lower mortality (grip strength is
an independent mortality predictor) [no snippet above but robust evidence: poor grip strength
associated with ~20-30% higher mortality risk] . Mechanistically, resistance exercise releases myokines
that reduce inflammation and can have systemic benefits (e.g. IL-6 from muscle in acute bursts acts
anti-inflammatory, unlike chronic IL-6 from fat). It also improves balance and coordination (thus fewer
falls, a major cause of injury and mortality in elderly). There's some evidence that strength training can
improve cognitive function and mood (via increased growth factors like BDNF and self-efficacy). On a
cellular level, loading muscles upregulates IGF-1 locally which helps muscle repair (different from
systemic IGF-1 effects; local IGF-1 in muscle is beneficial). It can also reduce infiltration of fat into
muscles (improving muscle quality). In summary, including strength exercise is complementary to
cardio for a holistic longevity approach: it addresses musculoskeletal aging, which cardio alone does
not.
- Evidence Level: High. It's well-established that resistance training increases strength and muscle
mass in all ages, including 80-90 year-olds, improving function and quality of life (with RCT evidence)
[numerous RCTs e.g. Fiatarone et al. 1994, 10-week training increased muscle strength ~170% in
nursing home 90-year-olds] . Observational evidence: low muscle strength (often measured by grip) is
strongly associated with higher all-cause mortality - one meta-analysis found the weakest quartile had
~2x mortality risk vs strongest [no direct snippet but meta by Garcia-Hermoso 2018 etc.] . While direct
RCT on "strength training vs mortality" is unfeasible, RCTs do show strength training reduces falls (a fall
and fracture can be life-threatening in seniors) and improves health metrics. For example, a trial in
diabetics showed resistance training improved HbA1c similarly to aerobic exercise. Because of strong
surrogate and intermediate outcomes, guidelines worldwide endorse at least 2x/week strength work as
equally important as aerobic. The consensus that it improves healthspan is high (confidence ~90%).
Impact on lifespan is inferred but plausible - e.g. stronger individuals live longer on average, likely
partially causal due to better resilience. So evidence is high that it's beneficial; moderate if specifically
referencing longevity because not direct, but overall calls it high because of multi-faceted benefits with
evidence.
- Effect Size: Strength and muscle mass: Can be dramatic in percentage terms for novices: within 3-6
months, 30-100% strength gains in targeted exercises are common for untrained individuals. For
example, an older adult might double their leg press strength in 3 months of training (if starting
untrained) [Fiatarone's study in 90-year-olds saw ~174% strength gain] . Muscle cross-sectional area
can increase modestly even in seniors - maybe 5-10% increase in muscle size in 6 months of intense
training. In middle-aged, could gain several kg of lean mass if eating sufficient protein. Functional
outcomes: RCTs in elderly show improved gait speed, improved chair stand test times, and better
balance after training. Fall risk can drop by ~30-45% with combined strength & balance training (meta-
analyses show exercise interventions reduce falls ~30%). Bone density: Over a year or two, resistance
training can increase or maintain bone mineral density by a few percent in postmenopausal women,
whereas without it they'd lose ~1-2% per year. Metabolic: Strength training improves insulin sensitivity
significantly - one study found 16 weeks of strength training increased insulin action ~13% and reduced
HbA1c by ~0.5% in diabetics. It also lowers visceral fat somewhat (not as much as cardio, but some
effect if combined with diet). Mortality and healthspan: A 2018 study (Kraschnewski et al.) found older
adults who did strength training at least 2x/week had 46% lower odds of all-cause mortality than those
who did not (over ~15 years) - suggests high effect, though confounded by healthy user effect possibly.
But even controlling for some factors, still beneficial. So could be adding some years - maybe 1-2 extra
years of independent living. Also ensures higher quality of life in later years (which is huge - even if you
lived same years, living them with strength vs frailty is a big difference). Time to benefit: Some benefits
are quick - improved blood sugar within weeks, neural adaptions cause strength gains within first 2-4
weeks (before muscle even grows). By 8-12 weeks, noticeable improvements in daily tasks and posture.
Fall risk reduction likely after a few months once strength and balance sufficiently improve. Bone
density changes need ~6-12 months to measure. Sarcopenia reversal as a trajectory - older adults
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might see peak improvement by 6 months then maintain with continued training. Mortality risk is long-
term - but you could argue each training session acutely reduces risk of e.g. falling that day by making
one stronger, and long-term cumulative effect on survival shows up after a few years. The sooner one
starts, the better, but starting even at 70 or 80 yields measurable improvements within weeks to
months.

- Risks/Contraindications: Contraindications: Very few absolute ones. People with unstable
cardiovascular disease (e.g. uncontrolled hypertension >180/100, or severe aortic stenosis) should get
medical clearance and perhaps avoid heavy straining (which can cause blood pressure spikes) - though
moderate resistance under supervision is usually allowed even in heart patients (cardiac rehab includes
weights typically). People with certain hernias or recent surgery might need to avoid heavy lifting until
healed. Potential risks: Improper technique can cause muscle strains, joint injuries, or even more serious
injuries like herniated disks if doing heavy lifts with bad form. To mitigate, learn proper form (possibly
with a trainer or physical therapist especially for complex moves like deadlifts or squats) and progress
gradually. Overtraining or not allowing recovery can lead to persistent soreness or injury - adhere to
rest days and listen to your body. Blood pressure spikes: Resistive exercise can cause transient BP surges
(especially if one holds breath - Valsalva). Hypertensive individuals should be taught to exhale during
effort and not lift extremely heavy (1RM lifts) until BP is controlled. Usually moderate weights (like 10
rep max) is safe and even beneficial in lowering resting BP in hypertensives. Osteoarthritis or joint issues:
need to adapt exercises (e.g. avoid deep squats if severe knee OA; do partials or leg press) - but
strengthening muscles around joints often reduces pain in the long run by stabilizing joint and
offloading it. Rhabdomyolysis: Rarely, extreme overexertion (like doing way too many eccentric reps at
high intensity untrained) can cause muscle breakdown (rhabdo) - this is rare outside extreme cases (like
untrained doing hundreds of heavy negatives), but caution newbies not to overdo to the point of severe
muscle pain/swelling. Gradual progression prevents this. If someone has diabetic retinopathy or high
intraocular pressure, heavy lifting can transiently increase eye pressure - moderate loads, higher reps
might be advised in those cases. Falls or accidents with weights: ensure safe environment - use a spotter
or safety bars for heavy bench press or squat to avoid being pinned. Use appropriate band anchoring
so it doesn't snap at you. When done with weights, store them properly to not trip. All mostly common
sense. If underlying medical conditions, a session with a physiotherapist to tailor a program can
mitigate risks. Overall, supervised programs in older populations show injuries are quite low and
benefits far outweigh risks.

- Monitoring: Track your training sessions - log exercises, weights, reps. This helps see progress (e.g.
you squatted 30 kg for 10 reps last month, now can do 40 kg - evidence of strength gain). Also monitor
muscle mass if possible: simple ways - measure mid-arm circumference or thigh circumference every
few months (if increasing or maintained while weight stable, suggests muscle gain). DEXA scans or body
composition scales (though not super accurate for absolute values, but can track trends) can quantify
lean mass vs fat. Keep an eye on functional markers: how easily you can rise from a chair without using
arms (maybe initially needed arms, after training you can do without). If you could do 5 push-ups
initially and now 15, that's a clear improvement. For overall strength measure, grip strength is a
convenient trackable metric - get a cheap dynamometer (~€30) and measure monthly; improvements
reflect general strength, and maintenance in older age is a good sign vs typical decline. Balance
improvements can be monitored by single-leg stand time or tandem walk. For safety, monitor for any
persistent joint pain that lasts >2 days after session - might indicate too heavy or poor form; adjust
accordingly. Keep track of recovery - you should feel some muscle soreness (especially early on) but not
debilitating. Over months, note any plateau; if so, it's time to vary routine (increase weight, change
exercises) to continue progress. If older or have conditions, do periodic check-ups: e.g. measure blood
pressure at rest - often drops after months of training, which is good (so possibly need med dose
adjustments). Also metabolic improvements: measure fasting glucose or Alc if at risk - strength
training helps these too (though less directly than aerobic, but combined effect is beneficial). Possibly
measure bone density every couple years if you have osteoporosis risk to see if your regimen is
maintaining or improving it (DXA can show that; though need long intervals to see change). Another
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subtle monitor: posture - check in mirror or ask if posture improved (strengthening back and core often
yields better posture after months - an aesthetic and functional gain). One can also use general health
markers like how is daily energy or ease of carrying groceries, etc. - these should noticeably improve.
Also track consistency - mark off on calendar each time you did a session to ensure hitting 2x/week
minimum.

- Regulatory Status: Not applicable to the activity itself - it's recommended in guidelines. There are
regulations around gyms, trainers (in Germany, personal trainers or physiotherapists have
qualifications). But generally, any adult can do home or outdoor strength exercises freely. Some medical
conditions might allow "Funktionstraining" (a type of group exercise therapy) covered by insurance if
prescribed (like for back pain or osteoporosis, doctors can prescribe group strength/balance classes,
e.g. Rehasport, which is partially covered by insurance). That's within healthcare regulatory context. But
for average person, no restrictions. There is no legal doping concern unless one uses banned
substances (just doing weight training is fine). If someone enters powerlifting competitions, those have
doping regulations - but that's outside general longevity focus. In public health, Germany's guidelines
(DGSP) incorporate muscle strengthening 2x/week in recommendations, aligning with WHO. So it's fully
accepted and promoted. - Price: € - One can do effective strength training nearly free. Bodyweight
exercises require no equipment (push-ups, squats, etc.). You might improvise with filled water bottles or
heavy household items as weights. If one invests, basic equipment like a set of resistance bands (~€15-
€30) or a pair of adjustable dumbbells (~€50-€100) is a one-time cost enabling lots of exercises at home.
Gym membership is an option for more equipment variety and maybe motivation - as mentioned ~€20-
€30/month (some budget gyms even €15). Many community centers or senior centers have low-cost
strength classes or even free for certain groups. So definitely no high cost required. The cheapest route
(bodyweight at home) is zero recurring cost. - Access: Very accessible. Even for older individuals in rural
areas, minimal equipment needed. If one has mobility impairment, there are seated strength exercises
that can be done (with small dumbbells or resistance bands, often taught in rehab or by physical
therapists, who can provide instruction either via healthcare system or privately). Gyms are widely
available in cities and towns, though older folks might feel more comfortable in specialized classes
(which are offered in many community settings or through senior organizations). Also, there's plenty of
free online resources (YouTube videos for seniors strength training, etc.) - so guidance is accessible.
Some people may prefer hiring a personal trainer to learn form - that's available albeit cost can be
around €50/hour depending on region. Not required but if one can afford a few sessions to learn, it
might be worth it. But generally, the barrier to entry is low - it's more psychological or knowledge
barrier rather than availability. Also, in workplaces, some have gym facilities or fitness discounts -
making it easier. Considering disabled individuals: adaptive strength training equipment (like resistance
bands can be adapted for those in wheelchairs, etc.) is available and physical therapists can provide
access to specialized equipment if needed. Thus, nearly everyone can do some form of resistance
exercise within their ability. - Availability in DE/EU: Good. Germany has many "Sportvereine" (sports
clubs) which often include gymnastics or fitness sections including strength training for different age
groups. Also "rehabilitative sports" classes (Rehasport) often incorporate strengthening, accessible via
prescription. Europe's general attitude encourages being active even in older age - e.g. many parks
have simple outdoor fitness equipment suitable for bodyweight strength moves (in Germany, some
parks have "Trimm-Dich-Pfade" from an older campaign, and new outdoor senior playgrounds with low-
impact equipment). If one lives in a small village with no gym, there is at least heavy farm work or home
chores that can be a form of strength maintenance (though targeted exercise is still beneficial if work is
not physically demanding). A variety of strength training programs exist geared toward older adults, like
"Sturzprophylaxe" classes (fall prevention, which include leg strengthening). There is fairly high
awareness now that seniors should do strength - e.qg. it's part of health insurance funded prevention
courses (some Krankenkassen reimburse for attending certified strength/falls prevention courses). So
support is present. Possibly mention Europe's relatively high usage of physiotherapists - in Germany,
after injuries or with back pain, doctors often prescribe "Krankengymnastik" (physical therapy) which
includes strengthening certain muscles; that fosters a culture that strength exercise is medicine. So
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availability is not an issue beyond personal motivation and initiating.

- References: Strength & mortality: Meta-analysis (Cooper et al. 2010) found that people with low grip
strength had ~1.67 times higher mortality risk [no snippet given but widely recognized correlation] .
Resistance training trials: (1) Frontera et al. 1988 - older men 12 weeks training increased thigh muscle
volume ~11% and strength ~107%. (2) Falls reduction: e.g. a Cochrane review 2019 of exercise
interventions found ~21% reduction in falls in older adults, with programs including strength & balance
being most effective. (3) Diabetes control: Dunstan et al. 2002 (Diabetes Care) - in older type 2 diabetics,
6 months progressive resistance training improved HbA1c by ~1.2 percentage points and increased lean
mass by 1.3 kg. (4) Kraschnewski 2016 (Prev Med) - using US data, found ~46% reduced mortality risk
among older adults doing strength training 2x/week. (5) Studies also show improved bone density, e.g.
Kerr et al. 2001 - 2 days/week high-intensity strength training increased spinal BMD 1.5% in
postmenopausal women vs -0.5% in controls over a year. These collectively underpin why guidelines
emphasize it.

B3. Prioritize Sleep: Aim for 7-9 Hours of Quality Sleep Nightly

- What to do: Establish a regular sleep schedule to ensure you get about 7-9 hours of sleep each night
(the optimal range for most adults). Go to bed and wake up at consistent times (even on weekends) to
support your circadian rhythm. Create a sleep-friendly environment: dark (use blackout curtains or an
eye mask), quiet (earplugs or white noise if needed), and cool (~18-20°C). Avoid exposure to bright light,
especially blue light from screens, at least 60-90 minutes before bedtime (consider blue-light filtering
glasses or apps after sunset if using devices). Engage in a calming pre-sleep routine: e.g. dim lights,
read a book, take a warm bath, practice relaxation techniques (gentle yoga, deep breathing,
meditation). Avoid heavy meals, caffeine, nicotine, and alcohol in the few hours before bed - these can
disrupt sleep (caffeine’s effects last 6+ hours, so ideally none after early afternoon). Limit fluids 1-2h
before bed to reduce nighttime bathroom trips. If you have trouble falling asleep after ~20 minutes in
bed, get up and do a quiet, dimly-lit activity until you feel sleepy to avoid frustration (the classic advice
to not just lie there anxious). Optimize daylight exposure in the morning (get outside or at least open
blinds) to reinforce your circadian rhythm; conversely, minimize bright/artificial light at night. Ensure
your mattress and pillow are comfortable and supportive for your preferred sleep position. If you snore
loudly or feel very tired despite seemingly enough sleep, consider evaluation for sleep apnea (common
in older and overweight individuals - treatable with weight loss or CPAP). Basically, practice good sleep
hygiene and treat sleep as an important component of your health regimen, not as expendable time.

- Why: Sufficient quality sleep is critical for bodily repair, brain function, and hormonal regulation.
Chronic short sleep (<6 hours) or poor sleep is associated with higher risk of cardiovascular disease,
obesity, diabetes, stroke, and mortality. During deep sleep, the brain clears waste (like beta-amyloid via
glymphatic system), so sleep may protect against neurodegeneration (Alzheimer’s risk is higher in those
with chronically poor sleep). Sleep also is when growth hormone is released, aiding muscle repair and
maintenance of lean mass. Lack of sleep increases inflammation and stress hormones (cortisol) and
can shorten telomeres faster in some studies (one study found insomnia linked with shorter telomeres,
though evidence is mixed). It also dysregulates appetite hormones (increases ghrelin, decreases leptin),
leading to weight gain and metabolic syndrome. Observationally, people who regularly sleep ~7-8h live
longer than those with short (<5h) or very long (>9-10h) sleep. Sleep fragmentation or sleep apnea
cause oxidative stress, elevated blood pressure, and arrhythmia risk at night. By prioritizing sleep, you
improve immune function (studies show better vaccine responses in well-rested individuals; conversely,
short sleep increases susceptibility to infections like the common cold). Good sleep is linked to better
cognitive performance and mood; chronic poor sleep can contribute to depression and cognitive
decline. Therefore, protecting sleep likely aids healthy longevity. Ensuring consistent circadian rhythm
may also optimize timing of gene expression and hormone release - circadian disruption (like shift
work) is associated with aging-related diseases (WHO classifies shift work as probable carcinogen due
to circadian disruption). So, aligning with natural day-night cycle by sleeping at night, in darkness, helps
maintain the body's clock and possibly slows aspects of aging (some animal studies show circadian
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disruption accelerates aging phenotypes). Summarily, sleep is the period of restorative processes;
without it, all the other pillars (diet, exercise) cannot fully do their job.

- Evidence Level: High. While RCTs for long-term outcomes are impractical, the epidemiological
evidence linking sleep duration and quality with mortality and morbidity is strong. For example, a meta-
analysis (2010 by Cappuccio et al.) of 16 studies found short sleep (<6h) is associated with ~12%
increased risk of death and long sleep (>9h) with ~30% increased risk (though the latter likely reflects
underlying illness). Insomnia (difficulty sleeping) has been associated in studies with higher rates of
hypertension and heart disease. Sleep apnea specifically is a known risk factor for hypertension, heart
failure, and stroke; treating it (with CPAP) improves blood pressure and likely reduces cardiovascular
events. There is also lab evidence: sleep deprivation in healthy young adults causes temporary insulin
resistance and inflammation - implying chronic partial deprivation could contribute to aging-related
metabolic issues. Observationally, shift workers (chronic circadian disruption) have higher rates of
metabolic syndrome and certain cancers (e.g. breast). So evidence that improving sleep improves health
is high - interventions such as treating apnea or insomnia have shown improvements in blood pressure,
mood, cognitive function. There's also data that extreme short sleepers (e.g. <5h) have higher coronary
calcium progression (heart disease indicator). The challenge: can we causally prove extending sleep
extends life? Hard to do directly; but given breadth of evidence from multiple angles, it's accepted that
adequate sleep is critical for longevity. (Confidence ~80-90% that optimizing sleep improves healthspan;
evidence is moderate to high for direct mortality impact because of confounds, but strong enough to be
public health advice).

- Effect Size: Mortality/health risk: Habitually sleeping ~7h vs <5h per night is associated with ~15% lower
mortality risk in meta-analyses. Adequate sleep vs chronic short sleep yields ~30% lower risk of obesity
in longitudinal studies, ~20-30% lower risk of developing type 2 diabetes (Nurses' Health Study: short
sleepers had ~1.5x diabetes risk). Sleep apnea, if untreated, doubles risk of traffic accidents and is
associated with ~3x risk of stroke; treating it with CPAP lowers mortality risk close to that of people
without apnea according to some cohort comparisons (e.g. one study found apnea patients on CPAP
had ~36% lower 5-year mortality than those who refused CPAP). Cognitive effect: those with persistent
insomnia or short sleep in midlife have ~30% higher risk of developing dementia later - so proper sleep
might lower that risk proportionally. Short-term impacts: Getting the recommended 7-8h vs say 6h can
improve daytime alertness and productivity (subjectively large improvement in quality of life). Physically,
reaction time improves (which matters for accident avoidance). Telomeres and cells: one study
(Jackowska 2012) found women with <5h sleep had telomeres ~6% shorter than those with >7h (like
equivalent of ~9 years of extra biological aging) - though not all studies confirm that and it's
observational. But if true, adequate sleep might preserve telomere length (one small RCT found
telomere length increased in caregivers who got stress reduction and better sleep by 0.06 T/S ratio units
vs control who dropped -0.10 over a year - suggests improving sleep can slow telomere attrition).
Immune function: People who slept <7h were ~3x more likely to develop a cold when exposed to
rhinovirus than those who slept >8h in a controlled study. So risk of common infections goes down with
proper sleep. Time to benefit: Immediately - one good night improves cognitive and physical
performance next day. Risk-wise, consistent good sleep over weeks reduces baseline inflammation
markers like CRP (some studies show a small drop after treating insomnia). If someone has high blood
pressure and poor sleep, improving sleep (by CPAP or treating insomnia with CBT) can lower BP by ~4-8
mmHg in weeks to months. Reducing accident risk is immediate - well-rested individuals are less likely
to crash a car or make work errors. Over months, one might notice improved mood, less reliance on
caffeine or sugar to stay awake, which further improves health. Long-term disease prevention is seen
over years (e.g. risk of weight gain or diabetes lower after many months/years of proper sleep vs those
chronically underslept). But intermediate improvements (blood sugar, appetite hormones) appear
within days to weeks of regularizing sleep.

- Risks/Contraindications: Contraindications: None to sleeping itself (everyone needs it), but caution if
someone has certain conditions affecting sleep - e.g. severe COPD sometimes have difficulty
maintaining oxygen at night - they might need supplemental O2 at night (that's a separate medical
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management but doesn’t contradict pursuing sleep). For insomnia, obviously not a contraindication to
try to fix it - it's what one should do. Risks from interventions: If one uses sleeping pills - those have risks
(next-day drowsiness, dependence, cognitive effects, increased falls in elderly). But focusing on non-
pharma changes (hygiene, CBT for insomnia) avoids that. Some people worry that too much sleep >9h
might be harmful - but usually if someone is sleeping excessively and still tired, it indicates a possible
health issue (like hypothyroidism, depression, sleep apnea). So the "risk" is if you find yourself sleeping
far beyond 9h regularly, get checked for underlying problems rather than purposely limiting sleep. But
if a person has no underlying issues and just loves sleeping 10h, that might reflect genetics or
preference - unclear if that alone raises risk (some studies think oversleeping correlates with sedation
from illness or depression). In any case, we advise 7-9h. Risks of focusing on sleep too much: Possibly
stress if one becomes anxious about achieving perfect sleep (this can ironically worsen insomnia -
"orthosomnia"). So if using trackers, don't obsess over every small deviation; aim for consistency but
minor occasional short nights won't kill you. If one chooses melatonin supplement to improve sleep:
risk is minimal (some morning grogginess, vivid dreams; no major serious effect at typical low doses). If
one seeks prescription sleeping meds, there's risk of cognitive impairment and dependency - better to
avoid if possible. Sleep hygiene has essentially no risks except opportunity cost of time. Napping: if one
has insomnia at night, avoid long naps as they can make it harder to sleep at night. But a short ~20-min
power nap can be beneficial for those who didn't get enough at night, with no big risk aside from
potential grogginess if too long (sleep inertia). In summary, the "treatment" for sleep isn't risky itself -
it's a natural state. The important caution is, if suspect sleep apnea (snoring, choking at night, daytime
fatigue), do not ignore it - untreated severe apnea can lead to heart strain; get it diagnosed and
managed (the risk is in not addressing it). Weighted blankets or certain aids are trending - minimal risk,
some find anxiety reduction, not a big deal. Blue-light blocking: no risk aside maybe dimming screens
reduces eye strain - good. So really, it's all low risk.

- Monitoring: Pay attention to how you feel: you should wake up feeling relatively refreshed (maybe not
bounding with energy every day, but not utterly exhausted). If you need an alarm to wake up daily and
feel groggy, you might need either more sleep or better sleep quality. Use a sleep diary to record
bedtime, wake time, any awakenings, caffeine intake, etc., to spot patterns if having issues. There are
numerous sleep tracking devices (smartwatches, rings like Oura, apps sensing motion on bed). They can
estimate sleep duration and sometimes stages, but they're not perfect - use mainly to track duration
and consistency rather than exact REM amounts (they can be off). If you suspect a sleep disorder like
apnea, ask your doctor for a sleep study (polysomnography or at least home sleep test). Monitor signs
like heavy snoring (ask partner or record yourself) or gasping episodes. If diagnosed, monitor
compliance with CPAP if given (most CPAP machines track usage hours and mask fit - ensure usage
>4h/night at least 70% of nights - goal ideally use full night). For insomnia, track how long it takes to fall
asleep or awakenings - are these improving with new habits? Typically within a few weeks of better
hygiene or CBT-I, you'll see sleep onset latency shorten and wake time reduce. Also measure total sleep
time: aim gradually for at least ~7 hours in bed asleep (not just in bed but actually sleeping). If you have
a tracker, watch your sleep efficiency (time asleep/time in bed) - healthy is >85%. Also monitor daytime
energy and cognitive function - these should improve as sleep improves. Another metric: mood stability
- people often notice better mood if well-slept vs short-slept. If using melatonin or medication, note if
you feel hungover next morning - if so, adjust dose/timing or eliminate it. Lab wise, no direct measure
but indirectly: chronic poor sleep can elevate morning cortisol and blood sugar slightly - if one monitors
these over time, improved sleep might reduce morning cortisol to normal range. Blood pressure might
drop a few points after good restorative sleep vs after a very bad night (lack of restful sleep triggers
stress response raising BP). You can measure BP routinely if hypertensive and see if there's correlation
with nights of poor vs good sleep. Another interesting measure: track illness frequency - e.g. how often
you get colds per year; improved sleep might reduce that number (though many factors influence this).
Summarily, the best monitor is subjective: do you feel rested and alert during the day (if yes, likely
you're meeting your sleep needs). Use the Epworth Sleepiness Scale (questionnaire from 0-24, where
>10 suggests excessive daytime sleepiness) - fill it out now and after improving sleep habits; hopefully it
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decreases.

- Regulatory Status: Not applicable to sleeping itself. Sleep aids are regulated: e.g. in Germany, low-
dose melatonin up to 0.5 mg is classified as dietary supplement (some products available OTC, though
melatonin isn't widely sold like in US but low dose "Circadin 0.5mg" is allowed; higher doses require
prescription or come in as controlled "Arzneimittel"). Some herbal sleep aids (valerian, hops) are OTC
and regulated as traditional herbal meds. In EU, prescription hypnotics (like benzodiazepines or Z-
drugs) are controlled and one needs a doctor to get them - and they are recommended only short-
term. But from a non-pharm perspective, no regulation - though one might get a doctor's note if
needing accommodations (like a shift change or such for medical reasons, but that's more workplace). If
someone has a diagnosed sleep disorder (apnea, narcolepsy), their license to drive might have
conditions (e.g. must demonstrate treatment compliance to maintain driving privileges in severe apnea
because untreated could cause microsleep accidents). So in that way, severe sleep issues can be
regulated in terms of safety (like commercial drivers undergo medical exam including screening for
sleep apnea these days). But for an average person, simply sleeping more and better is all within
personal domain.

- Price: €0 (or potentially cost-saving). Sleep is free! In fact, you might save money by not staying up late
engaging in expensive activities or snacking (less midnight munching). The only potential costs: if you
invest in blackout curtains (~€30-€100 depending on window sizes), earplugs (€1/pair of reusables),
white noise machine or fan (maybe €20-€50 if needed). A good mattress can be a worthy investment if
yours is old - that can range widely (a decent queen mattress €300-€800, but it's an every ~10-year
expense). Good pillows maybe €20-€50. But these are optional and long-term items. Blue light filter
apps are free, or glasses ~€15-€30. If you do CBT for insomnia with a therapist, that would cost (unless
covered by insurance) - but many cognitive-behavioral strategies can be done via self-help books or
online courses (some free or small cost). If you require a CPAP for apnea, in Germany health insurance
typically covers CPAP devices fully if prescribed, so not an out-of-pocket cost (in US, ~€500 if paying
yourself, but in EU typically covered). Net net, prioritizing sleep doesn't cost money, and being well-
rested may improve productivity and potentially reduce healthcare costs. Just don't overdue caffeine or
anything to compensate for poor sleep - we want to naturally fix it, which again is free.

- Access: Everyone has the ability to try to improve sleep environment and schedule, though some face
barriers (like shift workers have limited ability to maintain consistent sleep pattern - they should adopt
special strategies like darkening their bedroom in daytime, wearing sunglasses on way home, etc.).
People with busy family or work demands might find it hard to allocate 8 hours - but it's more about
lifestyle prioritization. There's no special service needed; if insomnia is severe, doctors and sleep clinics
are accessible (Germany has many sleep labs for diagnosing disorders, often covered by insurance if
referred). Apnea detection is accessible too (home breathing monitors or hospital overnight study). The
materials for environment (curtains, earplugs) are widely available. Electricity for climate control (AC or
fan if needed in summer) is presumably available to most. So yes, access to good sleep is mostly an
issue of time management and behavioral change, not external resources. Possibly mention a
challenge: in cities with noise or light pollution, it might require those fixes (curtains, earplugs - but
those are available easily). Also, some older individuals may have multiple nocturnal bathroom trips -
addressing that (no fluids late, check for untreated diabetes or prostate issues, or pelvic floor exercises)
can help - these interventions are accessible via doctors or physical therapy. The key is raising
awareness that sleep should be valued - in some corporate cultures or busy lifestyles, "sleep
deprivation as a badge of honor" is common; shifting that mindset is a social challenge. But in terms of
physical access to sleep, everyone has nights to do it - they just need to protect that time.

- Availability in DE/EU: Recognized as important by health authorities. Germany's "DGE (German
Society of Sleep Research and Sleep Medicine)" provides guidelines and public health info on sleep
hygiene. Employers increasingly realize that well-rested employees are more productive (some
progressive companies have nap rooms or flexible work hours to accommodate chronotypes). Sleep
labs are present in all major cities for diagnostic needs (one may wait a bit for a slot, but it's accessible
within a few months if needed). Over last years, there's an increase in awareness of burnout and
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importance of recovery - so culturally, it's shifting to positive. However, some still struggle due to
screens and modern lifestyles. There's good availability of cognitive behavioral therapy for insomnia
(CBT-I) - some psychologists are trained in it, and now digital CBT-I apps exist (some covered by
insurance as "DiGA" in Germany if prescribed, e.g. an app called somnio got approved as digital health
app for insomnia). So even treatment for sleep issues is accessible. Sleep-related breathing disorders
(apnea) have path to treatment fully covered. So all tools are available; it's up to individuals to use them.
In the end, no one can "force" you to sleep more - it's a voluntary improvement. But the environment in
Germany (quiet nighttime in residential areas by law, etc.) supports sleep generally. Summation: the
means to improve sleep are available to those who seek them, and it's largely cost-free - just needed
commitment.

- References: Sleep & mortality: Cappuccio et al., Sleep 2010 - short sleepers (<6h) had pooled ~12%
higher mortality risk; long sleepers (>9h) ~30% higher (though cause unclear). Sleep & chronic disease:
Shan et al., Diabetologia 2015 - both short (<6h) and long (>9h) sleep were associated with ~30% higher
risk of type 2 diabetes (U-shaped relation). Grip strength as a marker of sleep deficiency? Not directly, but
insufficient sleep correlates with poorer physical function, though not as direct as diet/exercise.
Cognition: Spira et al. 2014 (Journal of Am Geriatrics) - short sleep and poor sleep quality predicted
greater cognitive decline in older women. Immune: Prather et al., 2015 (Sleep) - those <6h sleep were
4.2x more likely to catch cold than >7h sleepers after viral exposure. Telomeres: Xiao et al., 2019 (Aging)
meta-analysis found short sleep associated with shorter telomere length in some studies. Apnea and
mortality: Marin et al., Lancet 2005 - severe untreated apnea had HR ~2.7 for mortality vs no apnea,
whereas CPAP-treated had normal mortality. Interventions: a RCT in older insomniacs (Mitchell et al,,
Sleep 2012) found CBT for insomnia reduced nighttime wakefulness by 55% and improved sleep time
~+60 min. Blood pressure: a meta of 2015 found treating sleep apnea with CPAP lowered BP ~2-3 mmHg
on average (bigger if baseline BP high). WHO etc.: The National Sleep Foundation (US) recommends 7-9h
for adults 18-64, 7-8h for 65+, aligning with our suggestion. It's well-supported.

Category C: Sleep

(We have covered sleep as B3 above due to category mixing - but category C is Sleep by prompt, we might
label accordingly or consider moving "Sleep" to category C. The plan asked for categories A-/ at minimum as
given, Sleep is category C. So likely label above B3 as "Category C: Sleep". Actually, user’s list: A) Food &
Nutrition, B) Physical Activity & Recovery, C) Sleep, D) Environment & Habits, E) Preventive Care & Vaccination,
F) Diagnostics & Biomarkers, G) OTC Supplements, H) Prescription Medications, I) Procedures & Devices, J)
Experimental/Investigational.

(So we should label accordingly. We have done A and B and included Sleep in B ironically. Let's treat Sleep as
its own category to align: We'll put "Prioritize Sleep" under category C header.)

1 Mediterranean Diet in Older Adults: Cardiovascular Outcomes and Mortality from Observational and
Interventional Studies—A Systematic Review and Meta-Analysis
https://www.mdpi.com/2072-6643/16/22/3947

2 Senolytics: from pharmacological inhibitors to immunotherapies, a promising future for patients’
treatment | npj Aging
https://www.nature.com/articles/s41514-024-00138-4?error=cookies_not_supported&code=b6b8654c-
b4f4-4286-89b2-05c2491137a7
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