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Foreword

Longevity is no longer a dream reserved for futurists or the lucky few. It's an engineering
problem—one we can solve with measurement, iteration, and disciplined action.

In an era flooded with conflicting advice, miracle supplements, and extreme biohacks, this book
stands apart. It doesn’t promise eternal youth or a single breakthrough pill. Instead, it hands you
a control panel: the Longevity Dashboard. Eight dials grounded in real, phenotypic markers of
biological age. A small set of high-leverage inputs that actually move those dials. And a
repeatable cycle to test, refine, and sustain progress.

We’ve spent years watching smart, motivated people chase the latest trend only to stall or
regress. The missing piece has always been a coherent system—one that treats aging not as
an inevitable decline, but as a tunable process.

This is that system. Whether you’re a physician looking for a practical framework for patients, a
high performer seeking sustained edge, or someone simply wanting more healthy, independent
years, the Dashboard gives you clarity and agency.

Read it actively. Score your dials. Run your first cycle. The results will speak for themselves.

Disclaimer

This book is for informational and educational purposes only. It is not intended as medical
advice, diagnosis, or treatment. The information presented is based on current scientific
literature and clinical insights as of 2026, but longevity science evolves rapidly.

Always consult qualified healthcare professionals before making changes to your diet, exercise,
supplements, medications, or lifestyle—especially if you have pre-existing conditions, are
pregnant, or take medications.

The author and publisher are not liable for any adverse effects resulting from the application of
information in this book. Individual results vary based on genetics, adherence, and starting
point. Hormone therapies, pharmacology, and advanced testing discussed require clinician
supervision.

Use the Longevity Dashboard as a tool for personal insight and discussion with your doctor—
not as a substitute for professional care.

How to Use This Book

This book doesn't claim to unveil secret breakthroughs or a single "fountain of youth" molecule.
The core science of longevity—centered on phenotypic markers like ApoB, VO, max, insulin
sensitivity, and recovery capacity—has been illuminated by pioneering thinkers and researchers
over the past decade (Peter Attia, Rhonda Patrick, Andrew Huberman, and many others
deserve enormous credit).
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What we've aimed to do here is different: break that science down into measurable components
(the eight dials), identify the highest-leverage connections across them, and assemble
everything into a practical control system—complete with dashboards, prioritized levers,
iterative cycles, and real-world protocols.

The goal isn't originality for its own sake. It's integration: turning scattered, high-quality insights
into a cohesive engineering framework you can use starting today to steer your own healthspan.

This is not a book to read once and shelve. It's an operator’s manual—designed to be used,
marked up, and revisited.

1. Start with the Dashboard: Read Chapter 3 for the overview, then dive into the dial
chapters (7—14). After each, score your current state using the "Calibrating Your [Dial]
Age" section.

2. Build Your Baseline: Complete a full dashboard self-assessment (one-page template
provided). Note your Younger, On-Par, and Older dials.

3. Run Cycles: Use Chapter 17’s 12-Week Engineering Cycle. Prioritize with the Leverage
Ladder (Chapter 18) and common denominators (Chapter 15).

4. Personalize: Refer to case studies (Chapter 20) and protocol templates (Chapter 29) for
real-world application.

5. lterate: Retest every 12 weeks. Adjust based on data, not feelings.

Keep a notebook or simple tracker. The appendices provide lab panels, ROI tables, and
references for deeper dives.

This book rewards action over passive reading. Your first cycle starts when you close the cover
and open your tracker.

Introduction: Why “Anti-Aging” Needs an Engineering
Upgrade

The longevity space is booming—and confusing. One week it’s fasting, the next it's rapamycin
or young plasma. Influencers tout extreme protocols. Epigenetic clocks promise a single
“biological age” number. Yet most people end up overwhelmed, inconsistent, or chasing
marginal gains while foundational systems drift.

Why? Because anti-aging has been treated as a discovery problem (“What's the next
breakthrough?”) rather than an engineering problem (“How do we reliably control the system we
already have?”).

Aging is not a mysterious black box. It's a control system with measurable outputs (phenotypic
markers of biological age) and tunable inputs (sleep, training, nutrition, stress). When those
outputs drift, we don’t need more speculation—we need better measurement, targeted
intervention, and feedback loops.

This book upgrades anti-aging from hope to engineering. The Longevity Dashboard gives you:
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e Eight dials grounded in real, steerable markers—not speculative molecules or
expensive clocks.

o High-leverage inputs that move multiple dials simultaneously.

e A closed-loop process to test what works for you.

No ideology. No extremes. Just data, iteration, and sustained progress.

You won't finish this book with a perfect score. You'll finish with a personal control panel—and
the tools to tune it for decades of healthspan.

The Longevity Dashboard at a Glance

Your 8 Dials of Biological Age
(Phenotypic markers—measurable, actionable, predictive of healthspan)

Vascular Age — Pressure, stiffness, endothelial function, plaque risk
Metabolic Age — Insulin effort, glucose control, IGF-1 context
Atherogenic Age — Particle burden (ApoB/Lp(a)), deposition risk
Inflammatory Age — hs-CRP, immune tone, gut-driven load

Organ Age — Kidneyl/liver filtration, structural integrity

Cognitive Age — Memory, executive function, recovery (HRV/sleep)
Structural & Mechanical Age — Muscle, bone, VO, max, balance
Hormonal Age — Sex hormones, thyroid, cortisol rhythm

NN =

State Scoring (per dial): Younger / On-Par / Older
Composite: Count states—mostly Younger = high reserve phenotype.
Master Levers (move multiple dials)

Sleep & Circadian Stability
Strength Training

Zone 2 Aerobic Base
Visceral Fat Reduction
Stress Load Reduction
Nutrition Foundations
Daily Movement

NoOORWN=

Process: 12-Week Cycle — Measure — Intervene — Retest

Mindset: Engineer, don’t chase. Data over dogma.

Your dashboard starts now. Turn the page—and take control.
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THE EIGHT DIALS OF BIOLOGICAL AGE

Your Complete Healthspan Control Panel

ci . cl

VASCULAR AGE METABOLIC AGE ATHEROGENIC AGE INFLAMMATORY AGE

ORGAN AGE COGNITIVE AGE SERlieTnAL & HORMONAL AGE

MECHANICAL

Part | — The Engineering Mindset

Chapter 1. Healthspan Is the Product

Most people approach health the way they approach weather: they notice it only when it turns
bad. They react to symptoms, chase quick fixes, and hope the system returns to “normal.” That
is not a strategy. It's a coping mechanism.

This book starts with a different premise:

1.1 Healthspan is the product.

Not lifespan. Not aesthetics. Not a single lab result. The product is the number of years you can
live with high function—strength, cognition, energy, mobility, independence, and resilience—
without your life shrinking into medication management and damage control.

Engineers don’t confuse outputs with inputs. They don’t confuse appearances with

performance. They don’t optimize slogans. They build systems that deliver a measurable
product under real-world constraints.
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If you want longer healthspan, you need a product mindset: define the outcome, define the
metrics that represent the outcome, build a dashboard that tracks them, and continuously adjust
the controllable inputs. That's what this book is: a practical engineering framework for extending
the years that actually matter.

1.2 The biggest lie: “I’'m healthy because | feel fine”

Human biology is designed to hide drift. You can lose meaningful reserve—vascular reserve,
metabolic reserve, cognitive resilience, kidney function margin—without obvious symptoms. In
complex systems, that’s normal. A machine can run “fine” right up until it doesn’t. The absence
of alarms is not proof that the system is healthy; it's proof that the alarms are set too late.

That’'s why longevity conversations get polarized. One side obsesses over biohacks and exotic
tests. The other side says, “Just live your life.” Both miss the point. You don’t need exotic hacks,
and you don’t need denial. You need measurement that matters and levers that work.

This is where the Longevity Dashboard comes in. It is not a collection of trends. It's a control
system.

1.3 Healthspan has measurable specs

Every engineered product has specifications. Healthspan is no different. If the product is “years
lived with high function,” then the specs must reflect function. In this framework, the specs are
the eight dials:

o Vascular Age — the integrity of the distribution network

o Metabolic Age — fuel processing and insulin effort

e« Atherogenic Age — plaque deposition risk: particle burden and arterial sediment
dynamics

Inflammatory Age — background noise and repair interference

Organ Age — silent drift in kidneys, liver, and core organ reserve

Cognitive Age — compute, control, and resilience

Structural & Mechanical Age — chassis, engine capacity, actuators

Hormonal Age — system-wide signal integrity

You can debate which dial matters most, but the point is deeper: healthspan is multi-
dimensional. A single number can’t describe it. A single biomarker can’t steer it. That’s exactly
why “one clock” solutions often disappoint. They reduce a complex system to a single readout,
then sell you the illusion of control.

The Dashboard does the opposite. It embraces complexity—then makes it practical.

1.4 A product needs telemetry

If healthspan is the product, then you need telemetry—the same way you’d instrument a plane,
a data center, or a factory. Not because you’re paranoid, but because you’re serious.

Telemetry must follow three rules:

¢ It must be measurable. Not subjective vibes.
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e It must be actionable. A number that doesn’t change your decisions is decoration.
* It must be repeatable. If you can’t track trends, you can’t control the system.

This is why the Dashboard prioritizes metrics that are accessible and proven: blood pressure
trends, fasting insulin and HbA1c, ApoB and Lp(a), hs-CRP, cystatin C—based eGFR, functional
cognitive testing, grip strength and VO, max, and hormone context markers when indicated.

Some metrics are steering metrics (fast feedback). Some are audit metrics (slower but closer
to truth). A home blood pressure trend is steering telemetry. A CAC scan is an audit. Engineers
use both. They don’t confuse them.

1.5 A product needs a control system

Data without control is trivia. The Dashboard is built around a simple control philosophy:

Measure the system state (the dial)
Apply levers in priority order (80/20).
Re-measure under stable conditions.
Keep what works. Remove what doesn’t.
Repeat.

That loop—measure, intervene, verify—is what separates engineering from ideology. It’s also
what separates real longevity progress from the endless cycle of trendy protocols.

This book will be aggressive about one principle:
If you can’t verify improvement, you’re guessing.

Guessing can work when the stakes are low. Healthspan is not low stakes. You get one
machine.

1.6 Why this is not an epigenetic clock book

Epigenetic clocks are interesting tools. They may be useful for research and for some
individuals. But for most readers, they share a fatal flaw: they don’t tell you what to do next with
enough clarity.

A methylation report can tell you that you’re “older” or “younger” in some composite sense. But it
rarely tells you whether the problem is blood pressure, insulin effort, plaque burden, chronic
inflammation, poor sleep architecture, low VO, max, weak strength reserve, or hormonal
dysregulation.

The Longevity Dashboard does. It turns “aging” from a vague concept into a set of specific dials

and real levers. It doesn’t eliminate uncertainty—but it converts uncertainty into actionable
engineering.
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1.7 The practical promise of this book

You don’t need a medical degree to think clearly about systems. You do need humility: biology
is complex, and self-experimentation has boundaries. This book is evidence-driven and cautious
where it must be cautious—especially around pharmacology. But it's also blunt:

If you want a young vascular system, you measure pressure load and reduce it.

If you want a young metabolic system, you reduce insulin effort and volatility.

If you want a young atherosclerotic profile, you measure particle burden and control it.

If you want a quiet immune system, you remove chronic irritants and fix recovery.

If you want a younger organ profile, you protect kidney and liver reserve and avoid silent
overload.

o If you want cognitive clarity, you protect sleep and reduce stress volatility.

o If you want independence, you build strength, balance, and VO, max reserve.

o If you want hormonal signal integrity, you stabilize recovery and measure intelligently.

That’s not biohacking. That's engineering.

1.8 A final reframing: you’re not chasing youth—you’re building margin

Most people hear “anti-aging” and think vanity. That's unfortunate, because the real goal isn’t
youth. The goal is margin.

Margin is what allows you to travel, work, lift, think, love, recover, and adapt—without the
system tipping into failure. Margin is what prevents a bad week from becoming a bad decade.
Margin is what turns aging from decline into managed drift.

Healthspan is the product.
The Longevity Dashboard is the control panel.
The rest of this book is the build plan.

Chapter 2. Aging as a Control System

Most people think of aging as a calendar. Time passes, the body “wears out,” and the best you
can do is slow the decline. That framing is emotionally convenient—but technically wrong.

Aging behaves less like a calendar and more like a control system.
A control system has:

a current state (where the system is now)

sensors (how you measure that state)

actuators (levers that change the state)

feedback loops (how interventions change the next state)
constraints and failure modes (what breaks first, and why)

Once you see aging this way, the entire problem becomes more solvable. Not because you can
stop time, but because you can control drift. And drift—not time—is what destroys healthspan.
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2.1 The simplest model: state - inputs - outputs - feedback

In engineering terms, your body is not a static object; it's a dynamic system with outputs you
care about (energy, strength, cognition, metabolic stability), and internal states you rarely feel
until they degrade.

The pattern looks like this:
¢ Inputs: sleep, nutrition, activity, stress load, environment, substances, medications

« Internal state: blood pressure set-point, insulin sensitivity, inflammatory tone, hormone
rhythms, aerobic capacity, plaque burden, organ reserve

e Outputs: performance, recovery, mood stability, pain/injury frequency, clinical events

Aging is the gradual shift of internal state in the wrong direction—often while outputs still look
“fine.”

This is why someone can feel healthy and still be accumulating plaque. It's why you can have
“normal glucose” while fasting insulin is climbing. It's why your sleep can be collapsing while
your lab panel looks acceptable. The system is compensating—until it runs out of margin.

2.2 Drift is the enemy, not time

A well-designed machine can run for decades if load stays within tolerances and maintenance is
consistent. The human machine is similar. Aging accelerates when certain variables drift:

pressure load drifts up (blood pressure, vascular stiffness)
insulin effort drifts up (fasting insulin, HOMA-IR)
inflammatory baseline drifts up (hs-CRP)

recovery capacity drifts down (sleep quality, HRV, VO, max)
structure drifts down (muscle, bone, balance)

organ reserve drifts down (kidney filtration, liver clearance)
plaque burden drifts up (ApoB/Lp(a) physics over time)

Chronological age increases no matter what. But the rate of drift is not fixed. It depends on load,
feedback, and maintenance—things you can measure and influence.

That'’s the core promise of the Longevity Dashboard: it doesn’t pretend you can “hack aging.” It
treats aging as controllable drift.

2.3 Feedback loops: why the same person can spiral up or spiral down
Control systems rarely fail because of one variable. They fail because of feedback loops.

Here are three common loops that accelerate aging:

Loop 1: Sleep — insulin resistance — hunger — weight — inflammation — worse sleep
Sleep debt worsens insulin sensitivity. That increases hunger and cravings, especially for high-
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reward food. Weight and visceral fat rise. Inflammatory tone rises. Sleep becomes more
fragmented. The loop tightens.

Loop 2: Stress chemistry — cortisol tone — central fat — metabolic drift — cognitive
decline — more stress

Chronic stress elevates baseline cortisol signaling and sympathetic tone. That worsens sleep,
appetite regulation, and central fat accumulation. Metabolic Age drifts. Cognitive performance
declines. Work becomes harder. Stress rises.

Loop 3: Low movement — reduced VO, max — reduced recovery — more fatigue — even
less movement

When aerobic capacity drops, daily life becomes more tiring. People move less, which reduces
conditioning further. Recovery worsens. The body becomes mechanically fragile. This loop can

turn a capable person into a sedentary person within a few years.

The key insight: small changes to the right variables can break destructive loops. That's
why lever priority matters. You don’t try to fix everything. You fix the variables that control the
loop.

2.4 Sensors and actuators: what you can measure vs what you can change

A control system requires clear separation between sensors and actuators.

e Sensors tell you system state (BP, fasting insulin, ApoB, hs-CRP, cystatin C, grip
strength, VO, max, HRV trends).

e Actuators change state (sleep schedule, training plan, nutrition structure, stress
downshift, clinician-guided medication where appropriate).

Confusing the two is a common failure mode. For example:

chasing a biomarker without changing inputs

changing inputs without measuring whether state improved

rewarding yourself for effort rather than outcomes

using levers that improve one dial while breaking another (e.g., extreme dieting that
improves weight but destroys sleep and hormones)

Engineers don’t run systems on motivation. They run them on telemetry and feedback.

2.5 Set points: the invisible settings that matter most

The most important variables in aging are often set points—the baselines your body returns to.

Examples:
e your typical blood pressure when rested
o your fasting insulin level
o your inflammatory baseline
e your sleep depth and fragmentation pattern
e your weight and waist-to-height “default”
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e your resting heart rate and HRV trend

Many people think they have to “try harder.” Often they need to change the set point. That's
what sustainable healthspan looks like: better default settings, not constant willpower.

Set points change through repeated inputs:

consistent sleep timing changes autonomic tone

repeated strength training changes muscle mass and insulin sensitivity
repeated Zone 2 changes mitochondrial capacity and vascular function
repeated nutrition structure changes hunger and glycemic stability
repeated downshift practices change stress chemistry

You don’t win by winning one day. You win by changing the baseline.
2.6 Constraints: why there are no universal protocols

Every control system operates under constraints:

e genetics (Lp(a), insulin sensitivity, bone density predisposition)
e age and sex (hormone environment, recovery capacity)

o life constraints (work, children, stress load, sleep opportunity)

e medical constraints (hypertension, kidney function, medication interactions)

This is why protocols are dangerous when treated as identities. The Dashboard is not a
protocol. It's a control framework. It tells you:

what to measure

where you're drifting

what lever to pull first
how to know it worked
when to involve a clinician

2.7 The engineering goal: stability + reserve

If you want the simplest technical definition of “successful aging,” it is this:

o Stability: low volatility in glucose, sleep, mood, recovery, and blood pressure
e Reserve: high capacity in strength, VO, max, cognition, and organ function margin

Stability prevents damage. Reserve prevents failure when stress hits.

A person with stability but no reserve is fragile. A person with reserve but no stability burns it
down over time. The Dashboard aims for both.

2.8 What this chapter should change in your head

After this chapter, you should stop thinking in moral categories (good/bad, disciplined/lazy) and
start thinking in system categories:
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What is my current state?

Which dial is drifting?

What is the highest-leverage actuator?

What is the feedback loop keeping me stuck?
What measurement will tell me if | improved?

That mindset is the foundation of everything that follows.

Aging is not a fate. It's a control problem.
And control problems can be managed—one dial at a time.

Chapter 3. The Longevity Dashboard: The 8 Dials of Biological Age

If Chapter 2 reframed aging as a control system, this chapter builds the control panel.

LT3

The core problem with most longevity advice is not that it's “wrong.” It's that it's unstructured.
People get a pile of tips—sleep more, exercise, eat better, reduce stress—and then they try to
execute everything at once without knowing what matters most, what’s drifting, or whether it's
working.

A real control system needs a dashboard. Not a vibe. Not a motivation quote.

A Longevity Dashboard is simply a way to turn the messy concept of “aging” into eight
measurable subsystems—eight dials you can track, improve, and maintain. These dials are not
random. They were chosen because:

o they map to major, well-studied drivers of morbidity and loss of function

e they can be measured with practical, repeatable tools

o they have real levers—inputs that reliably move the dial

o they interact (crosstalk), but remain distinct enough to diagnose drift

You are not “young” or “old” in one dimension. You can be mechanically young and
metabolically old, or cognitively sharp while running high plaque risk. The dashboard lets you
see that clearly—and fix it with intent.

3.1 The Eight Dials
Dial 1 — Vascular Age

What it represents: the integrity of your pressure-and-flow network.

Why it matters: blood pressure, stiffness, and endothelial dysfunction are upstream drivers of
heart disease, stroke, kidney decline, and brain microvascular damage.

What you measure:

e steering: home blood pressure trend
e audits: arterial stiffness measures (e.g., PWV when available), plaque audits when
indicated

What you control: pressure load, endothelial health inputs, training base, sleep/stress tone.
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Think of this as the condition of the pipes under constant pulsatile load.

Dial 2 — Metabolic Age

What it represents: how hard your system has to work to process fuel.

Why it matters: insulin resistance and glucose volatility quietly damage vessels, accelerate
inflammation, degrade cognitive resilience, and worsen hormonal signaling.

What you measure:

o fasting insulin, HOMA-IR

e HbA1C

o (optional) glucose volatility patterns (CGM)
o IGF-1 as context, not a target

What you control: sleep timing, muscle mass, daily movement volume, nutrition structure,
aerobic base, stress load.

This is the quality of your fuel-processing control logic.

Dial 3 — Atherogenic Age

What it represents: your plaque deposition risk environment—particle burden over time.
Why it matters: atherosclerosis is a deposition process driven by exposure and retention
dynamics; it is the main engine behind most cardiovascular events.

What you measure:

ApoB (primary particle burden proxy)

Lp(a) (genetic constraint variable)
triglycerides/remnants as context

plaque audits when indicated (CAC, carotid plaque)

What you control: particle burden, retention environment (blood pressure, inflammation,
metabolic control), and clinician-guided therapies when warranted.

This is “sediment dynamics” in the network, measured before catastrophic failure.

Dial 4 — Inflammatory Age

What it represents: your systemic noise floor—background heat, immune activation, repair
interference.

Why it matters: chronic low-grade inflammation accelerates vascular dysfunction, insulin
resistance, cognitive drift, and recovery decline.

What you measure:

e hs-CRP trend
e CBC-derived immune ratios (contextual)
¢ symptom patterns and recovery quality
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What you control: sleep stability, visceral fat, alcohol/nicotine, oral health, training dose,
nutrition baseline, stress downshift, gut integrity support.

This is the “interference signal” that makes other dials harder to move.
Dial 5 — Organ Age

What it represents: silent drift in core organ reserve—especially kidneys and liver.
Why it matters: organs often degrade quietly; low reserve makes every stressor more
dangerous and reduces tolerance for aggressive protocols.

What you measure:

e cystatin C-based eGFR (kidney reserve)

e urine albumin/creatinine when appropriate

e ALT/AST/GGT and related markers (liver stress/clearance context)
e imaging selectively when indicated (fatty liver/structural audits)

What you control: blood pressure, hydration discipline, alcohol frequency, metabolic control,
medication/supplement load, recovery.

This dial prevents the classic optimization failure: loading the system without checking the parts
that do the processing.

Dial 6 — Cognitive Age

What it represents: compute, control, and resilience—how well the brain performs under real-
world load.

Why it matters: cognition drives decision-making, compliance, autonomy, and quality of life.
Cognitive drift can silently undermine every other dial.

What you measure:

e repeatable functional cognitive tests (attention, memory, executive function)
¢ mood stability and perceived stress as operational metrics
e sleep architecture + HRV as recovery capacity proxies

What you control: sleep discipline, alcohol/stimulant discipline, stress downshift, aerobic base,
metabolic stability, deep-work structure, clinician evaluation when indicated.

This is the stability of the control center itself.

Dial 7 — Structural & Mechanical Age

What it represents: the chassis, actuators, and engine capacity—strength, bone integrity,
balance, VO, max, mobility.

Why it matters: this dial predicts independence. It determines whether you can absorb life’s
shocks without failure.

What you measure:

o strength outputs (grip strength and/or key lifts)
e VO, max (measured or estimated)
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e balance tests and sit-to-stand performance
e bone density audits when indicated
o waist-to-height ratio as chassis load

What you control: progressive strength training, Zone 2 base, protein and recovery calories,
sleep, daily movement, balance/mobility micro-dosing.

This is where longevity becomes real-world function.

Dial 8 — Hormonal Age

What it represents: signal integrity—sex hormones, thyroid axis, and stress chemistry rhythm.
Why it matters: hormones regulate body composition, sleep architecture, mood, libido,
recovery, temperature regulation, and metabolic partitioning.

What you measure:

symptom clusters + context

thyroid markers (TSH, free T4/T3, antibodies when indicated)
sex hormone markers (cycle-timed in women when relevant)
recovery proxies (sleep, HRV) for cortisol rhythm context

What you control: sleep and circadian timing, resistance training, adequate fueling, stress
load, and clinician-guided therapy when appropriate.

This is the integrity of the system-wide control signals.

3.2 Steering metrics vs Audit metrics

A good dashboard distinguishes what you steer with from what you audit.

o Steering metrics are easy to measure and respond quickly (BP trend, sleep quality,
fasting insulin trends, waist-to-height ratio, strength outputs).

o Audit metrics are slower and often require clinics or imaging (CAC score, DEXA,
cystatin C trends, plaque detection).

Engineers don’t check turbine blades every day. They monitor operating parameters daily and
audit structure on schedule. Same principle here.

3.3 Why eight dials instead of one clock

Single-number clocks promise simplicity, but they hide the real bottleneck. If your “aging score”
worsens, what do you fix? Sleep? ApoB? VO, max? Blood pressure? Inflammation?
Hormones? You don’t know.

The Longevity Dashboard answers that immediately. It tells you:

where the drift is

which lever has the highest expected impact
what tradeoffs to watch

how to verify improvement
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It trades one seductive number for real control.

3.4 How to use the dashboard (the operating procedure)

You will repeat the same loop throughout the book:

Measure baseline (minimum viable telemetry first; audits when indicated).
Identify the worst dial (and the dial that blocks progress elsewhere).
Apply levers in priority order for 8—12 weeks.

Re-measure under stable conditions.

Lock in the gains and move to the next bottleneck dial.

aRrwN=

This turns longevity from a lifestyle identity into a project with milestones.
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3.5 The goal: keep every dial “younger” than your birth certificate

You don’t need perfection. You need direction and margin.

A practical target for many readers is to keep most dials functioning like they belong to someone
5-10 years younger than their chronological age—and to keep the “high-stakes” dials (vascular
+ atherosclerotic + metabolic) especially well controlled.

That’s not a promise of immortality. It's a strategy to extend the period of high-quality life—using
real metrics and real levers.

The rest of this book is a detailed playbook for turning each dial.
Chapter 4. Measurement Without Self-Deception

Engineers don’t optimize systems based on how they feel. They measure outputs, compare
against specifications, and adjust inputs accordingly. The same must be true for longevity
engineering.

Most people approach health with a mix of hope, anecdote, and selective memory. They
remember the good days, ignore the bad ones, and interpret vague sensations (“I feel great!”)
as evidence of progress. This is self-deception—and it’s the single biggest barrier to sustained
improvement.

The Longevity Dashboard exists to replace self-deception with data. Not perfect data—nothing
in biology is perfect—but repeatable, objective data that reveals drift before symptoms scream.
Measurement without self-deception means choosing sensors that are hard to game, tracking
trends instead of snapshots, and accepting what the numbers say even when they contradict
your narrative.

4.1 Why Self-Deception Is the Default Mode

Humans are wired for narrative over numbers. We evolved to survive acute threats, not to
detect gradual decline. A 1% yearly loss in strength or VO, max feels like nothing until, twenty
years later, you can’t climb stairs without pausing.
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Common patterns of self-deception in longevity:

Feelings as feedback: “| feel energetic” after a good night’s sleep becomes evidence
that everything is fine—ignoring the fact that recovery is masking underlying drift.
Vanity metrics: Scale weight, mirror appearance, or “how my clothes fit” dominate
because they’re easy and flattering. They hide visceral fat, muscle loss, or metabolic
compensation.

Selective memory: Remembering the PR lift from last month but forgetting the three
weeks of stalled progress or new aches.

Confirmation bias: Seeking information that supports the story (“I'm healthy for my
age”) while dismissing contradictory signals.

Snapshot thinking: A single good lab panel or strong workout becomes “proof” of
optimization, ignoring trends.

Self-deception isn’t moral failure—it's human. The Dashboard counters it with structure: fixed
protocols, repeatable tests, and trendlines over feelings.

4.2 The Cost of Inaccurate Measurement

Inaccurate or biased measurement doesn'’t just waste time—it actively misleads.

You optimize the wrong variable (e.g., chasing lower LDL while ApoB drifts higher).
You miss early drift (e.g., “normal” BP in the doctor’s office masks home trends of
135/85).

You create false confidence (e.g., ‘I feel strong” while grip strength has declined 15% in
five years).

You burn out chasing marginal gains while foundations erode.

Real engineering progress requires sensors you can trust.

4.3 Principles of Measurement Without Self-Deception

The Dashboard is built on these rules:

1.

Prioritize phenotypic over molecular: Molecular markers (genes, omics, exotic blood
tests) are noisy and slow to change. Phenotypic markers (strength, BP trend, balance
time) are direct outputs of the system and respond faster to inputs.

Trendlines over shapshots: A single reading is noise. Measure under consistent
conditions (same time of day, same device, same state) and track over weeks/months.
Choose hard-to-game metrics: Grip strength doesn’t care about your ego. Home BP
trend doesn’t fluctuate with white-coat anxiety. Single-leg stance time reveals balance
deficits long before falls occur.

Standardize conditions: Morning fasted BP, rested grip test, same cognitive battery at
the same time of day. Eliminate variables you can control.

Combine objective + subjective: Numbers alone miss nuance; symptoms alone are
unreliable. Use both: “My hs-CRP is 0.8, but | still have joint aches” prompts deeper
investigation.

Accept the data: If the trend is wrong, the story is wrong. Adjust inputs, not
interpretation.
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4.4 Practical Tools for Honest Measurement

The Dashboard favors accessible, repeatable tools:

o Home devices: Validated BP cuff, grip dynamometer, bathroom scale + tape measure
(waist-to-height).

o Functional tests: Single-leg stance, sit-to-stand, simple cognitive battery (apps or paper
tests).

¢ Wearables: For trends in HRV, sleep architecture, daily steps—not absolute truth.

e Labs: Basic panels repeated under stable conditions, not annual “fishing expeditions.”

No tool is perfect. The system is the combination.

4.5 When to Override the Numbers

Rarely. Symptoms that contradict good metrics warrant investigation (e.g., fatigue despite
excellent labs — check sleep apnea, thyroid, or depression). But the default is to trust the
trendline.

Bottom line:

Measurement without self-deception is the foundation of engineering longevity. Replace feelings
and anecdotes with repeatable data, trends over snapshots, and hard-to-game metrics. The
Dashboard works because it forces honesty—about where you are, and what needs to change.
The next chapter outlines the evidence hierarchy that decides what counts as a real lever.

Chapter 5. Evidence Standards: How This Book Decides What’s “Real”

The longevity field is drowning in noise. One day a podcast claims cold plunges reverse aging;
the next, a supplement company cites a mouse study as proof their pill adds decades.
Influencers share n=1 experiments. Observational data gets twisted into causation. And every
week brings a new “breakthrough” that quietly fades.

Engineers don’t build bridges on hype. They demand evidence that survives scrutiny: replicated,
mechanistic, and ideally tested in conditions close to real use. The Longevity Dashboard applies
the same standard. This book is not a comprehensive review of every longevity claim—it's a
practical filter for what actually moves the dials with high confidence and acceptable risk.

This chapter explains the evidence hierarchy we use, why certain inputs make the cut while
others don’t, and how to think about uncertainty when perfect data doesn’t exist.

5.1 The Problem with Longevity “Evidence”

Longevity research has unique challenges:

o Outcomes are slow: True aging endpoints (lifespan, healthspan) take decades to
measure in humans.
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Confounders abound: Healthy user bias (people who exercise also sleep better and
eat well) distorts observational data.

Surrogate markers dominate: We rely on proxies (BP, insulin, strength) rather than
direct aging reversal.

Hype outpaces rigor: Small studies, animal models, and correlations get
overextrapolated.

The result? A field where rapamycin, NAD boosters, young plasma, and extreme fasting cycle
through popularity despite thin human evidence for broad application.

5.2 The Dashboard Evidence Hierarchy

We rank evidence in descending order of confidence. A lever must clear a threshold at its level
to be recommended.

1.

Highest: Randomized controlled trials (RCTs) and meta-analyses in humans Gold
standard for causality. Lifestyle interventions (sleep, exercise, nutrition patterns)
dominate here—DASH/Sprint for BP, resistance training meta-analyses for
muscle/insulin, Zone 2 studies for VO, and recovery.

Strong: Large observational cohorts with consistent findings Framingham, MESA,
UK Biobank, Aerobics Center Longitudinal Study. Excellent for risk prediction (e.g., grip
strength, VO, max, CAC) but weaker for causation due to confounders.

Supportive: Mechanistic plausibility + consistent surrogate outcomes Explains why
something works (e.g., laminar shear stress from Zone 2 improves endothelial NO).
Used when RCTs are limited but biology aligns.

Contextual: Expert consensus and clinical guidelines AHA/ACC for CV risk,
endocrine societies for hormone therapy. Not perfect, but represents distilled
experience.

Low confidence (not recommended as primary levers):

Animal studies alone

n=1 anecdotes

Unreplicated small human trials

In vitro or theoretical mechanisms without human outcomes

O O O O

Supplements generally fall here unless deficiency correction or strong RCTs exist (e.g., creatine
for strength, omega-3 for triglycerides in certain contexts).

Pharmacology is reserved for clinician supervision because power comes with risk—outcomes
trials (FOURIER/ODYSSEY for lipids, SPRINT for BP) justify use in appropriate patients.

5.3 How This Hierarchy Applies

Foundational levers (sleep, training, nutrition): Backed by decades of RCTs/meta-
analyses showing broad, reproducible benefits with minimal downside.

Body composition and movement: Strong observational + mechanistic + RCT
support.

Supplements: Deficiency-first; otherwise supportive only (magnesium for sleep if low,
creatine for training).

Advanced tools (sauna, breathwork): Promising observational/mechanistic but not
foundational—use if recovery-positive.
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e Pharmacology: High confidence in defined contexts (e.g., statins in high ApoB with
plaque) but requires clinician oversight.

We prioritize interventions that:

Move multiple dials

Have favorable risk/benefit

Respond within months (for feedback)
Are sustainable long-term

5.4 Dealing with Uncertainty

Perfect evidence is rare. When data is incomplete:

e Favor reversible, low-risk inputs first (sleep over peptides).

e Use n=1 experimentation within the 12-week cycle framework.

e Accept that some dials (e.g., Lp(a)) have genetic constraints—optimize what you can
control.

¢ Revisit as new evidence emerges (science evolves; the Dashboard is iterative).

Bottom line:

The Longevity Dashboard cuts through noise with a clear evidence filter: human RCTs and
cohorts first, mechanistic support second, hype last. This isn’t about chasing perfection—it’'s
about stacking high-confidence inputs that compound over decades. The next chapter covers
risk, tradeoffs, and when to bring in professional guidance.

Chapter 6. Risk, Tradeoffs, and When to Involve a Clinician

Engineering longevity is not about eliminating risk—it's about managing it intelligently. Every
lever you pull has potential upside and downside. Sleep more and you recover better; sleep too
much or at the wrong times and you disrupt circadian alignment. Train hard and you build
reserve; train without recovery and you accumulate debt. Eat less to reduce visceral fat; eat too
little and you crash hormones and performance.

The Longevity Dashboard doesn’t pretend these tradeoffs don’t exist. It equips you to detect
them early (through trends and symptoms) and adjust before small imbalances become big

problems. This chapter covers how to think about risk, navigate inevitable tradeoffs, and know
when to bring in professional guidance.

6.1 Risk Is Inherent—Focus on Asymmetric Upside

No intervention is perfectly safe. Even water has an LD50. The goal is asymmetry: interventions
where the expected benefit far outweighs the plausible harm for your context.

¢ Lowe-risk, high-upside: Sleep stability, daily movement, strength training, protein
adequacy. Decades of data show broad benefits with minimal downside for most people.
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¢ Moderate-risk, context-dependent: Zone 2 volume, mild calorie control, supplements.
Benefits are real but can backfire if layered on unstable foundations (e.g., aggressive
deficit without sleep = hormonal crash).

e Higher-risk, high-reward: Pharmacology, aggressive biohacks, extreme protocols.
These belong under clinician supervision because the downside (side effects,
interactions) can be significant.

The Dashboard prioritizes the low-risk foundations first (Leverage Ladder, Chapter 18). You
earn the right to higher-risk tools by proving the basics are stable.

6.2 Understanding Tradeoffs

Tradeoffs emerge when capacity is constrained—time, recovery, genetics, life stress. Chapter
16 dives deep into common patterns, but the mindset is simple:

1. Detect early: Use your dashboard trends. Stalled progress, worsening sleep/HRV, new
symptoms = tradeoff signal.

2. Prioritize the master budget: Recovery is finite. Most tradeoffs trace back to recovery
debt.

3. Sequence, don’t stack: Add one lever at a time in 12-week cycles. Test response
before layering.

4. Accept constraints: Genetics (e.g., high Lp(a)), age, or injury history limit what's
possible. Optimize within reality.

Examples:

e Aggressive training — strength gains but sleep disruption — net negative.
o Calorie deficit — fat loss but libido/mood drop — unsustainable.
e Sauna — recovery boost for some, dehydration stress for others.

Tradeoffs aren’t failure—they’re feedback. Adjust inputs.
6.3 When to Involve a Clinician

The Dashboard empowers self-experimentation within safe bounds. Cross into clinician territory
when:

¢ Red flags appear: Persistent symptoms (chest pain, unexplained weight loss, severe
fatigue), abnormal labs (eGFR <60, CAC >400, rising enzymes), or family history of
early disease.

e Pharmacology is on the table: BP meds, lipid therapy, hormone replacement, GLP-1s,
etc. These are powerful actuators—use them with monitoring.

o Stalls despite foundations: You’ve nailed sleep/training/nutrition for 2—-3 cycles and a
dial won’t budge (e.g., ApoB remains high, thyroid symptoms persist).

o Deeper audits needed: Imaging (CAC, DEXA), advanced labs (Lp(a), full thyroid panel),
or specialist referral (endocrinologist, cardiologist).

o Life transitions: Menopause/andropause, injury recovery, new medications.

Clinicians aren’t the enemy of self-optimization—they’re co-pilots for high-stakes decisions.
Share your dashboard trends; good ones will engage.
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6.4 The Conservative Engineering Principle

When in doubt, default to reversible, low-risk inputs. The interventions with the best long-term
data (sleep, movement, strength, basic nutrition) also have the lowest downside. Stack those
first. Earn the right to escalate.

Bottom line:

Risk and tradeoffs are part of the system. Detect them with trends, manage them with
sequencing, and involve clinicians when the stakes rise. The Dashboard gives you
independence within safe bounds—and clarity on when to seek expertise.

With the mindset complete, Part Il introduces the eight dials—your measurable outputs of
biological age.

Chapter 7. What the Dials Don’t Measure (and Why That Matters)

Every engineering framework is defined as much by what it excludes as by what it measures.
That is not a confession of weakness. It is a feature of disciplined thinking.

The Longevity Dashboard is a system for measuring and steering the biological aging of eight
specific subsystems: distribution, fuel, plaque, immune, organ, cognitive, structural, and
hormonal. It is not a complete theory of human flourishing. Pretending otherwise would
compromise the precision that makes the framework useful.

Before you turn the page into Part Il and begin scoring your dials, take this chapter to

understand the scope of the system you are about to use — and the territory that lies just
outside it.

7.1 The framework has a deliberate scope

The eight dials measure things that share three properties: they are biological, they are
reproducible across days and devices, and they respond to specific, evidence-backed levers.
That is the territory of this book.

There is another territory that this book does not enter: the subjective experience of being alive
in your body. Energy. Libido. Pain. Gut comfort. Mood. Cognitive sharpness as you experience
it from the inside. Sleep quality as it feels when you wake up. The texture of recovery after
exertion.

These are real. They matter. They are part of healthspan. They are not part of the Dashboard.

That is a scoping choice, not an oversight.
7.2 What lives outside the dials

Unnamed gaps mislead readers more than acknowledged ones. So name them clearly:
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+ Energy and vitality — the felt quality of having or lacking life force across a day.
» Libido and sexual function — desire, arousal, performance, satisfaction.
* Pain — chronic, intermittent, musculoskeletal, neuropathic, headache, abdominal.

+ Gut symptoms — bloating, irregularity, reflux, food sensitivity, microbiome-driven
discomfort.

*  Mood and affective tone — baseline anxiety, depressive coloring, irritability,
equanimity.

+ Cognitive experience — clarity vs. fog, motivation, focus, the sense of mental
quickness from the inside.

» Sleep as experience — feeling rested, dream recall, restoration, ease of falling asleep.

The Dashboard has dial-level proxies for some of these. Cognitive Age touches function.
Hormonal Age touches drive and drive-related signaling. Inflammatory Age touches the load that
often produces fatigue and gut symptoms. But proxies are not substitutes. A normal hs-CRP
does not mean your gut feels good. A normal testosterone does not mean your libido is intact. A
normal HRV does not mean you feel rested.

7.3 Why these signals are harder to instrument

It is tempting to assume that anything important must be measurable, and that the dials simply
have not gotten around to the subjective domain. That is not the situation. Subjective health
signals are genuinely harder to instrument, for reasons engineers should respect.

They are multifactorial and context-dependent. A pain score on Tuesday depends on sleep,
stress, posture, weather, mood, meaning, and yesterday’s training — often more than on any
underlying tissue state. A libido score depends on relationship, identity, stress load, and sleep,
not just on testosterone. A gut symptom can have a dozen mechanisms, several of which
contradict each other in their treatment.

They suffer from severe measurement drift. A 1-10 pain scale on the same day can vary by
3 points based on how the question is framed. Subjective scales lack the inter-day repeatability
that makes the dials useful as steering telemetry.

They are recursive. The act of paying close attention to a symptom can amplify it. The act of
measuring mood can change mood. This is a real problem unique to the subjective domain, and
it does not have a clean engineering solution.

The Dashboard works precisely because it limits itself to signals that are reproducible across
days, devices, and observers. Folding less reproducible signals into the same composite would
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degrade the system. The right move is not to force them into the dials — it is to use them
alongside the dials, as a parallel instrument with its own logic.

7.4 The divergence is the most important signal of all

Here is the part that matters most.

If your dials look strong but you feel exhausted, in pain, or libido-less, that is not a contradiction
of the framework. That divergence is information. It may be the single most important data point
on your dashboard.

A reading of “biomarker score 85, subjective vitality score 35” does not mean the Dashboard is
wrong. It means the system is communicating something the labs are not yet capturing —
possibly a constraint the dials do not measure (chronic stress, relationship strain, undiagnosed
mood disorder, low-grade chronic pain, nutrient or hormonal disturbances below the standard
threshold), possibly an early signal that lab values will follow within a cycle or two, possibly a
domain that requires a different kind of expertise.

The same divergence runs the other way. Someone with imperfect labs who feels excellent,
sleeps well, has strong libido and clear cognition, and recovers fast from exertion, is not in the
same risk pool as someone with the same labs and miserable subjective state. The labs say
one thing; the integrated organism says another. Both are real.

The mature response is not to dismiss either side. It is to notice the gap and treat it as the
question worth answering.

7.5 Complementary instruments worth using

The reader who wants to capture what the Dashboard omits has good options. These are not
part of this book’s protocol, but they are worth naming so the framework is honest about where
it ends.

e Validated subjective health instruments — short scales for sleep quality, fatigue, mood, and
pain (PSQl, FSS, PHQ-9, GAD-7, brief pain inventory) provide reproducibility that informal

reflection lacks.

e Wearable-derived signals — HRV, sleep architecture, recovery scores, and resting heart rate
trends bridge the gap between subjective state and objective measurement, and increasingly

serve as the connective tissue between how you feel and how you measure.

¢ Asimple symptom log — even a weekly journal of energy, libido, pain, gut, and mood, scored 1-

10 against fixed prompts, becomes useful telemetry over a cycle.
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¢ Functional medicine, somatic, and psychotherapeutic perspectives — these traditions
specialize in domains the Dashboard does not. They have legitimate contributions when the

divergence between labs and lived experience is large or persistent.

¢ Clinician partnership — a good clinician integrates lab data and lived experience natively. The

Dashboard is a tool that improves that conversation; it does not replace it.

7.6 How to use subjective signals during a cycle
A practical recommendation, kept simple to avoid creating a parallel measurement burden:
At each measurement window — baseline and retest — score yourself on a 1-10 scale across

six axes: energy, sleep quality, pain, libido, gut comfort, and cognitive clarity. Take 60 seconds.
Use the same prompts every time. Write the numbers next to your dial scores.

Read the two columns side by side.

If they move together — biomarkers improve and you feel better — continue. The system is
doing what it is designed to do.

If they move in opposite directions — biomarkers improve but you feel worse, or vice versa —
pause and ask what is going on. Either the framework is missing something specific to you, or
there is a domain that needs separate attention. Both are useful conclusions.

This is the Dashboard remaining honest about its scope while still earning its keep.

7.7 Two equal and opposite mistakes

Chapter 1.2 named one of them: “I’'m healthy because | feel fine.” The absence of symptoms is
not proof that the system is healthy. The Dashboard exists in part to defeat that mistake — to
surface drift before alarms go off, to measure reserve before reserve runs out.

There is an equal and opposite mistake, and this chapter exists to defeat it: “I'm healthy
because my labs look good.” Strong biomarkers do not prove the absence of suffering. A clean
panel does not capture pain, drained energy, lost libido, gut distress, or cognitive fog. Treating
biomarkers as the whole picture leads to a different kind of denial — the kind where someone
tells themselves the labs say they’re fine and ignores the fact that they feel terrible.

Both errors share the same root: confusing one signal for the entire system. The Dashboard
rejects both. It treats biomarkers as the steerable, measurable layer of a larger reality, and it
expects the reader to keep an honest accounting of the layers it does not reach.

7.8 What this chapter should change in your head

Hold two things at once as you enter Part Il:
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First, the framework is precise about a real and important slice of biological aging. The dials are
not arbitrary, the levers are not speculative, and the cycles work. Trust the system to do what it
is designed to do.

Second, the slice is not the whole. Energy, libido, pain, gut function, mood, and the felt texture
of being alive are real components of healthspan that live outside this book — by design, not by
oversight. They deserve attention, instruments of their own, and respect.

When labs and lived experience agree, you have confirmation. When they diverge, you have
your most important question. Both readings belong on an honest dashboard. Only one of them
lives in this book.

Bottom line

The Dashboard measures what is measurable, reproducible, and steerable. It does not measure
how you feel — and it makes no claim to. Energy, libido, pain, gut function, and mood are real
components of healthspan that live outside this framework, by design.

Score the dials. Score yourself. Read both columns. Pay attention to the gap. Then turn the
page — the dial deep dives begin in Part II.
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Part Il — The Eight Dials

Chapter 8. Vascular Age

VASCULAR AGE

Pressure, Stiffness, Endothelial Function

(blood pressure; arterial stiffness/vascular elasticity; endothelial function; presence/absence of
atherosclerosis)
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In any complex industrial plant, the distribution network is a frequent point of failure. Pipes don’t
usually fail because of a single dramatic event; they fail because of years of load, material
fatigue, surface degradation, and accumulated sediment. The human machine is no different.
Your vascular system is a closed-loop network spanning tens of thousands of miles of vessels,
tasked with delivering oxygen and nutrients while tolerating pressure pulses—every heartbeat,
every day, for decades.

When we measure Vascular Age, we're measuring the integrity of that distribution network.

e Are you running the system at a pressure that slowly destroys it?

o Are the “pipes” still elastic shock absorbers, or have they become rigid?

e Is the inner lining low-friction and responsive, or inflamed and sticky?

e And most importantly: has sediment—atherosclerosis—already begun to accumulate?
Vascular Age matters because it defines the mechanical environment your organs live inside.
Elevated pressure and stiffness don'’t just raise “risk” in some abstract sense; they impose
ongoing physical stress on the heart, brain, kidneys, and microvasculature. Over time, that
stress becomes biology. Large cohort data have consistently shown that vascular markers—
blood pressure, measures of arterial stiffness, and plaque burden—are strongly associated with
future cardiovascular events and mortality.

8.1 The Metrics

Standard medicine often treats blood pressure as a binary: normal or high. Engineers don’t run
complex systems with a binary dashboard. We track load, drift, and early friction—and we treat
every number as part of a control loop.

For Vascular Age, there are four core components, plus an optional “advanced layer” that
explains why cardiovascular fithess and tissue performance don’t always move in perfect sync.

Static Pressure (Blood Pressure)

Blood pressure is the most direct measure of system load. Chronically elevated pressure is not
merely a risk marker—it is mechanical stress. Under sustained load, vessels remodel to survive:
walls thicken, compliance declines, and the system becomes progressively less forgiving. In the
control-system model, blood pressure has a special role because it is one of the few variables
you can measure at home, trend over time, and improve within weeks to months.

Why this matters clinically is not theoretical. In the SPRINT trial—conducted in a high-risk
population without diabetes—targeting a systolic BP goal below 120 mmHg (vs below 140)
reduced major cardiovascular events and all-cause mortality, demonstrating that load reduction
can change outcomes (with tradeoffs and monitoring requirements).

Material Fatigue (Arterial Stiffness / Elasticity)
A young artery is a compliant pipe: it expands and recoils with each pulse, smoothing pressure
waves and protecting downstream organs. An aged artery behaves more like rigid tubing: pulse

waves travel faster, reflect earlier, and increase afterload on the heart.

A common clinical/research metric is aortic pulse wave velocity (PWV)—the faster the wave
travels, the stiffer the artery. In a major meta-analysis, each 1 m/s higher aortic PWV was
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associated with ~14—15% higher risk of cardiovascular events, cardiovascular mortality, and all-
cause mortality, even after adjusting for conventional risk factors.

Think of stiffness as structural drift: it's the accumulated imprint of pressure load, inflammation,
glycation, and time.

The Low-Friction Lining (Endothelial Function)

The endothelium is a one-cell-thick layer lining every vessel. It is the intelligent interface of the
distribution network: it controls dilation, clotting tendency, inflammatory signaling, and “flow
quality,” largely through nitric oxide (NO) signaling.

A healthy endothelium behaves like a low-friction, non-stick surface. A dysfunctional
endothelium becomes higher-friction and more reactive—conditions that support particle
retention and plaque formation. Endothelial dysfunction is widely described as an early
functional abnormality on the pathway to atherosclerosis.

The practical challenge is measurement. Direct testing (for example, flow-mediated dilation,
FMD) exists, but it's not routine for most people.

So in the Longevity Dashboard, we treat endothelial function as something you primarily
manage through inputs you can control (sleep, training, nutrition, stress tone), and verify
through directionally meaningful proxies (exercise tolerance, recovery quality), rather than
pretending we can “measure NO” in dalily life.

System Sediment (Presence/Absence of Atherosclerosis)

Atherosclerosis is sediment accumulation inside the pipes—narrowing effective diameter and
introducing points of catastrophic failure. The crucial question is not only “Are your labs
normal?” but “Has damage already accumulated?”

Coronary artery calcium (CAC) scoring is a widely validated audit tool for detecting and
quantifying calcified plaque burden. In MESA data published in NEJM, CAC substantially
improved prediction of coronary events beyond standard risk factors.

Serial CAC progression has also been studied as a risk signal—useful as an audit of
accumulated burden and trajectory, not a daily steering metric.

This is an important engineering distinction: CAC is closer to a “black box recorder” than a
steering wheel.

Advanced Engineering Layer: Delivery vs Extraction (Optional, but clarifying)
At the performance level, the vascular system sits in a two-stage oxygen economy:

e Delivery (DO,): how much oxygen reaches the tissues
o Extraction/utilization: how effectively tissues use what arrives

Vascular Age governs the delivery side—pressure, flow, compliance, endothelial

responsiveness, and whether the network is narrowed by sediment. But real-world output (VO,)
depends on both delivery and utilization.
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A useful conceptual ratio is the oxygen extraction ratio:
OzER = VOZ / DOZ

Most readers will never calculate O,ER, and that’s fine. The point is conceptual: if delivery is
constrained, the body compensates by extracting a larger fraction. If extraction capacity is
constrained (often a mitochondrial/capillary/enzymatic issue), VO, can remain limited even
when delivery improves. This is why Vascular Age work and mitochondrial capacity work are
complementary, not competing.

On the pump side, delivery depends on cardiac output (HR x SV). Stroke volume can be
expressed as:

SV =EDV - ESV

Uncontrolled pressure load and stiffness increase afterload, forcing the pump to work harder.
Endurance training can improve stroke volume over time; assessment typically requires
echocardiography and/or advanced exercise testing. That makes SV an audit metfric in this
framework—not something you chase day-to-day.

8.2 Leading vs Lagging Indicators

To engineer Vascular Age, you need to understand response time constants:

e Blood pressure is a real-time load and can move in days to weeks with consistent inputs.

e Endothelial function can improve in weeks to months, but direct measurement is
specialized.

o Arterial stiffness (PWV) reflects structural drift and tends to change over months to
years.

e CAC evolves over years and reflects accumulated burden—useful for risk stratification
and strategy, not day-to-day steering.

This yields a practical rule: steer with blood pressure trends and controllable inputs; audit with
stiffness and plaque tools when indicated.

Because endothelial function is harder to measure routinely, it's reasonable to track practical

proxies (resting heart rate trends, HRV trends, exercise recovery) while remembering: these are
proxies, not direct endothelial assays.

8.3 The Levers

The Longevity Dashboard uses a consistent lever stack: stabilize foundations first, then layer
tools. Pharmacology is treated as a powerful actuator that belongs under clinician supervision.

Lifestyle
The most important lifestyle intervention for this dial is deceptively simple: treat blood pressure
as real data. If you measure it incorrectly, you will tune the wrong system. Use a validated cuff,

measure seated and rested, and track a trendline over weeks instead of reacting to single
readings.
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Then build consistent low-intensity movement into your life. Vessels respond well to daily flow.
This is not glamorous, but it is baseline maintenance on the distribution network.

Finally, remove obvious “friction inputs” when present: nicotine exposure, late-night alcohol,
chronic stress with no recovery strategy, and persistent sleep disruption. These push vascular
resistance upward and raise baseline load.

Sleep

Sleep is a vascular intervention because it is an autonomic intervention. When sleep is short,
fragmented, or irregular, sympathetic tone tends to rise, vascular resistance rises, and blood
pressure follows. A fixed wake time, a protected sleep window, and a caffeine cutoff are not

“‘wellness tips” here—they are pressure-management controls.

Nutrition
Vascular nutrition is largely about reducing chronic load and protecting the vessel lining.

First, think in terms of sodium density and potassium-rich whole foods rather than “low salt” as a
moral rule. Sodium tends to ride in on ultra-processed foods; potassium tends to rise with a
whole-food baseline. The DASH trial showed that dietary patterns rich in fruits/vegetables and
low-fat dairy with reduced saturated fat can substantially lower blood pressure, and the DASH-
Sodium trial demonstrated that sodium reduction further lowers BP across dietary patterns.

Second, adopt a fiber-forward, whole-food baseline. It improves metabolic and inflammatory
load, and those improvements feed back into endothelial function and stiffness over time.

Alcohol deserves special mention as a hidden lever. The relevant mechanism is often indirect:
alcohol disrupts sleep architecture and shifts autonomic tone; the next day’s pressure and
recovery drift in the wrong direction.

Exercise

Exercise is one of the most reliable levers for Vascular Age because it improves both the flow
environment and the vessel lining.

Aerobic training—especially a stable aerobic base—creates sustained laminar flow and shear
stress, which is a known stimulus for improved endothelial function and NO-related signaling.

Intervals, used judiciously and only when recovery supports them, can further improve vascular
responsiveness and aerobic power.

Strength training belongs here too. It supports vascular health indirectly by improving body
composition and muscle insulin sensitivity, and meta-analytic evidence suggests resistance
training can improve endothelial function (FMD) across populations.

One of the simplest and most underrated vascular tools is a 10—15 minute walk after meals. In
older adults at risk for impaired glucose tolerance, short post-meal walking bouts improved 24-
hour glycemic control—an input that, over years, reduces repeated metabolic spikes that
contribute to endothelial stress.

39



Supplements (deficiency-first, targeted second)

Supplements are supportive, not foundational. If sleep, movement, and nutrition are unstable,
supplements won’t rescue the system.

That said, magnesium is a common deficiency-adjacent variable in modern diets. A meta-
analysis of randomized placebo-controlled trials found magnesium supplementation produced
modest reductions in blood pressure, with effects most relevant when baseline magnesium
status and/or BP risk is present.

Magnesium glycinate is commonly used because it tends to be well tolerated, and because
sleep support is one plausible pathway by which some individuals see downstream BP benefits.

Food-first nitric oxide support (leafy greens, beets) can be reasonable. Omega-3 (EPA/DHA)
supplementation has been associated with blood pressure reductions in randomized trials and
meta-analyses, with stronger effects at higher doses and in hypertensive cohorts.

Biohacks (only if they improve compliance or measurement quality)

For this dial, the best “biohack” is rarely exotic: it's a validated home BP monitor used
consistently.

Sauna can be a useful conditioning/recovery tool for some people. Observational data associate
more frequent sauna bathing with lower cardiovascular mortality, though these are associations
and not proof of causality; practicality and safety depend on individual context.

Breathwork and downshift protocols can reduce acute sympathetic spikes and help stress-
driven pressure patterns—especially in high performers who run “too hot” all day.

Pharmacology (clinician-supervised actuators)

Pharmacology can be highly leveraged when indicated because it directly reduces load and
protects organs. From a control-systems perspective, these are actuators: powerful,
measurable, and requiring monitoring.

Common classes for BP include ACE inhibitors and ARBs. In some patients, these may also
affect remodeling dynamics. It's worth stating plainly that some longevity enthusiasts discuss
using such medications at “normal’ pressures to reduce long-term load. This is not a DIY lever.
These drugs can cause hypotension, change kidney function, and alter electrolytes (including
potassium), and they interact with dehydration and other medications (for example, NSAIDs). If
considered at all, it should be clinician-guided with home BP logs and periodic labs.

When atherosclerosis risk is present, Vascular Age cannot be separated from Atherogenic Age
(particle burden + plaque dynamics). In appropriately selected patients with established
disease, outcomes trials show that aggressive LDL/particle-lowering via PCSK9 inhibition
reduces cardiovascular events (FOURIER: evolocumab; ODYSSEY OUTCOMES: alirocumab).

7.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that moves Vascular Age fastest and most reliably is:
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Sleep & circadian stability
Aerobic base building (sustainable, recovery-matched)
Daily movement + post-meal walks

Nutrition structure (sodium density down, potassium-rich whole foods up, fiber
adequacy, alcohol timing discipline)

Visceral fat reduction (mostly downstream of the levers above)

Direct stress downshift tools (breathwork, decompression rituals, psychological load

management)

Start at the top and only layer lower items once the higher ones are stable and consistent. This
is the 80/20 rule applied to vascular engineering.

8.4 Calibration: What Is Your Vascular Age?

A dashboard is only useful if it helps you classify your current state and choose the correct

strategy.

Use blood pressure trends as your steering signal, and treat PWV/CAC (when available and
appropriate) as audit-grade instruments. Optimization-minded targets are often aspirational
(below population guideline thresholds), but clinical targets depend on individual risk,
comorbidities, tolerability, and clinician guidance—as illustrated by how SPRINT applies to a
defined high-risk population rather than everyone.

reduced proxies

Result State Status Action Protocol
Younger / BP <115/75 trend, CAC=0, | High reserve, low | Maintenance: Sustain Zone
Optimized excellent recovery/proxies | risk 2, sleep hygiene, periodic

audits
On-Par/ BP 120-129/80-84 trend, | Compensated, Tuning: Increase potassium-
Drift early CAC or stiffness trending wrong rich foods, add magnesium if
signals low, optimize Zone 2 volume
Older/ BP 2130/85 trend, CAC Established Overhaul: Intensive
Mitigation >100 (or high percentile), issues, higher risk | foundations + clinician-led

pharmacology (e.g.,
BP/particle control)

My current Vascular Dial Age:

Evidence/Notes:
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Minimum viable: Use home BP trend + recovery symptoms if audits unavailable—add
CAC/PWV for precision.

8.5 Common Denominators & Crosstalk

Vascular Age does not operate alone; it is tightly coupled to other dials:

o Sleep & circadian integrity drives autonomic balance and pressure.

e Psychological load / allostatic load influences vascular tone and endothelial stress.

e Metabolic Age (glucose variability and insulin resistance) contributes to endothelial injury
and stiffness over time.

o Inflammatory Age raises “stickiness” and impairs the low-friction lining.

e Atherogenic Age (ApoB/Lp(a) physics + plaque dynamics) determines whether sediment
is likely to accumulate and whether mitigation becomes non-negotiable.

e Structural & Mechanical Age feeds back because movement capacity determines how
much “maintenance flow” you can sustain.

Finally, delivery only matters if tissues can use oxygen efficiently. Mitochondrial density and
function govern extraction capacity and metabolic flexibility; training that improves endothelial
function often improves mitochondrial capacity as well, which is why aerobic base work tends to
have broad benefits across the dashboard.

8.6 Minimum Viable Protocol (8—12 Weeks)

This is the smallest set of moves that reliably shifts the dial for most people:

o Establish a correct home BP trendline (consistent measurement conditions; multiple
days per week).

Stabilize sleep: fixed wake time + protected sleep window + caffeine cutoff strategy.
Build flow: daily movement baseline + aerobic base sessions weekly.

Add the friction reducer: post-meal walks most days.

Clean the inputs: reduce late alcohol; reduce ultra-processed sodium density; increase
potassium-rich whole foods (DASH logic).

Success is not one perfect week. Success is a lower BP trendline, improved recovery, and
improved training tolerance under stable conditions.

8.7 Advanced Optimization Protocol

For serious readers who already have foundations in place:

e Add intervals cautiously if recovery supports them (don’t trade vascular gains for chronic
overreaching).

o Use sauna strategically only if it improves recovery and sleep (and is safe in your
context).

e Upgrade nutrition consistency (whole-food baseline, fiber adequacy, sodium density
discipline).

e Consider deeper audits when indicated: ambulatory BP monitoring, stiffness
assessment, and a plaque detection strategy with a clinician.
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o If risk markers are high or plaque is present, treat load reduction and particle
management as physics, not preference. PCSK9 outcomes trials reinforce that lowering
LDL/particle burden in appropriate patients reduces events.

Bottom line:

Vascular Age is the integrity of your distribution network. Reduce chronic mechanical stress,
preserve compliance, improve the low-friction lining, and prevent sediment accumulation. Do
that, and every other subsystem—brain, kidneys, metabolism, and performance—runs in a safer
mechanical environment for decades.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

o SPRINT (2015, NEJM): Intensive BP target strategy in a defined high-risk population
reduced major CV events and mortality (with monitoring tradeoffs).

e Aortic PWV prognostic meta-analysis (Vlachopoulos 2010): ~14—-15% higher risk per 1
m/s higher PWV; larger risk per SD increase.

¢ Individual-participant PWV meta-analysis (Ben-Shlomo 2014, JACC): aPWV improves
event prediction beyond conventional risk factors.

e CAC prediction (Detrano 2008, NEJM): CAC improves coronary event prediction beyond
standard factors in MESA.

e CAC progression and CHD events (Budoff 2013): CAC progression associated with
incident CHD risk.

o DASH dietary patterns (Appel 1997) and DASH-Sodium (Sacks 2001, NEJM): Dietary
pattern and sodium reduction lower BP meaningfully.

e Post-meal walking (DiPietro 2013, Diabetes Care): Short post-meal walking bouts
improved 24-hour glycemic control.

o Endothelial dysfunction & FMD: Endothelial dysfunction as an early pathway; FMD as a
noninvasive assessment approach (reviews/methods).

e Magnesium and BP (Zhang 2016, Hypertension): Modest BP reductions in RCT meta-
analysis.

e Omega-3 and BP (Miller 2014): EPA/DHA supplementation lowers BP in RCT meta-
analysis.

e Sauna and CV outcomes (Laukkanen et al.): Observational associations with reduced
CV mortality / improved risk prediction; interpret as correlation, not guaranteed
causation.

e FOURIER (2017) and ODYSSEY OUTCOMES (2018, NEJM): PCSKO inhibition reduced
CV events in appropriately selected patients.
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Chapter 9. Metabolic Age

METABOLIC AGE

Insulin, Glucose Control, IGF-1

(fasting insulin; insulin resistance/HOMA-IR; HbA1c & glycemic control; IGF-1 context)

If Vascular Age is the integrity of your distribution network, Metabolic Age is the quality of your
fuel processing and control logic. Your body is constantly deciding what to do with incoming
energy: store it, burn it, convert it, or spill it into pathological pathways. When the system is well
calibrated, glucose stays within a tight operating range, insulin signals efficiently, and energy is
available without volatility. When the system drifts, you can look “fine” for years while the control
logic deteriorates underneath—until the symptoms become obvious or downstream dials begin
to fail.

Metabolic Age is not synonymous with body weight. You can be lean and insulin resistant, or
overweight with surprisingly decent glycemic control (at least temporarily). Metabolic Age is
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about how hard your pancreas has to work to keep glucose stable and how much the system
pays—via inflammation, vascular damage, hormonal disruption, and energy instability—to do it.

Engineers would call this a control problem with two key failure modes:

e Chronic elevation (baseline drift upward over time)
o High volatility (spikes and crashes—oscillation and overshoot)

Both accelerate aging across multiple dials.

9.1 The Metrics

Metabolic Age is best captured by a small set of highly informative sensors. The goal is not to
collect exotic data; it is to quantify system state with metrics that map cleanly to interventions.

Fasting Insulin (and why it matters).

Glucose is the visible signal; insulin is the hidden effort behind it. Two people can have the
same fasting glucose, but one may require far more insulin to maintain it. Elevated fasting
insulin is often an early marker of metabolic drift—your system is applying more force to achieve
the same output.

Insulin Resistance (HOMA-IR).

HOMA-IR is not a perfect measure, but it is a useful engineering proxy: it combines fasting
glucose and fasting insulin into a single estimate of “how resistant is the system.” Think of it as a
rough friction coefficient in the glucose-insulin loop. Rising HOMA-IR suggests worsening
efficiency.

HbA1c and Glycemic Control.

HbA1c is a longer-horizon average of glucose exposure, reflecting roughly the prior 2—3 months.
It is useful, but it is not the whole story. You can have a “decent” A1c while still experiencing
significant post-meal spikes, crashes, and metabolic volatility—especially early in dysfunction.

IGF-1 (context, not obsession).

IGF-1 is often misunderstood. It is not a simple “high bad, low good” biomarker. IGF-1 sits at the
intersection of growth signaling, nutrition status, protein intake, training stimulus, and hormonal
environment. In the Longevity Dashboard, IGF-1 is primarily a context marker that helps
interpret metabolic state alongside muscle, recovery, thyroid/sex hormones, and overall
nutrition. The engineering move here is restraint: IGF-1 is informative, but it is rarely your first
steering lever.

9.2 Leading vs. Lagging Indicators

Metabolic Age is often mismanaged because people confuse lagging indicators with steering
metrics.
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o Daily glucose patterns (especially post-meal spikes and crashes) can improve within
days to weeks when inputs change.

e Fasting insulin often responds over weeks to months as the system becomes more
insulin sensitive and the pancreas can “downshift.”

o HbA1c is a lagging average, generally changing over 8—12 weeks.

o Body composition shifts (especially visceral fat reduction) can take months, but they
strongly move the dial long term.

A practical steering approach is to combine behavior inputs + symptom patterns + periodic lab
retesting. If you use a continuous glucose monitor (CGM), treat it as a pattern-recognition tool—
not a source of anxiety.

9.3 The Levers

Metabolic Age responds remarkably well to the right inputs, but it punishes inconsistency. This
dial is highly sensitive to sleep, stress, food environment, and training structure.

Lifestyle

Metabolic drift is often driven by a modern mismatch: abundant high-reward food, low
movement volume, poor sleep regularity, and chronic stress. The solution begins with designing
your environment so the default behavior supports metabolic stability.

The simplest lifestyle lever is daily movement volume. Not heroic workouts—just consistent
activity. Sedentary time is a metabolic signal, and breaking it up matters.

The next lever is consistency. Metabolic control improves when inputs are predictable.
Constantly changing meal timing, sleep timing, or training patterns introduces variability that
many people interpret as “my metabolism is broken,” when it’s often “my inputs are chaotic.”

Sleep

Sleep is a metabolic intervention because it affects insulin sensitivity and appetite regulation.
Poor sleep tends to increase hunger signaling, reduce impulse control, and shift the nervous
system toward stress chemistry that worsens glucose handling. In practical terms: if your sleep
is unstable, your nutrition plan will feel harder and your glucose will behave worse for the same
meals.

A fixed wake time and protected sleep window are often the highest-ROI metabolic interventions
available—especially for high performers who try to out-discipline physiology.

Nutrition

Metabolic nutrition is not primarily about gimmicks. It is about stabilizing glucose, keeping insulin
demands reasonable, and maintaining energy without oscillation.

A strong default is protein-first meals. Protein increases satiety, supports muscle, and blunts

glucose spikes when it leads the meal. Pair it with fiber-forward foods, and you reduce spike
amplitude further.
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Next is carbohydrate quality and timing. Many people do better when carbohydrates are
concentrated around training and paired with protein and fiber, rather than consumed as
isolated high-glycemic inputs. You are not required to fear carbs; you are required to engineer
their delivery.

Finally, address calorie control without turning it into chronic starvation. Severe restriction can
backfire via poor sleep, stress hormones, reduced training performance, and rebound eating.
The goal is a sustainable negative energy balance when fat loss is needed, without collapsing
recovery.

If there is one nutrition concept that belongs in an engineering book, it is this: glycemic stability
matters as much as glycemic average. You’re reducing oscillation, not chasing a perfect
number.

Exercise

Exercise is one of the most reliable actuators for Metabolic Age because skeletal muscle is a
primary glucose sink and insulin sensitivity engine.

Resistance training expands glucose disposal capacity and improves muscle insulin sensitivity.
In many people, strength training is the single most underrated metabolic intervention.

Zone 2 aerobic work improves mitochondrial capacity, fat oxidation, and overall metabolic
flexibility. Intervals, used cautiously and only when recovery supports them, can provide strong
insulin-sensitizing effects.

One of the simplest interventions—because it has minimal recovery cost—is post-meal walking.
Ten to fifteen minutes after meals can meaningfully reduce post-meal glucose excursions.

The engineering goal is maximal metabolic signal with minimal recovery debt. If your training
plan improves insulin sensitivity but destroys sleep, you're trading one dial for another.

Supplements (deficiency-first, targeted second)

Supplements can support Metabolic Age, but they should be treated as secondary levers after
sleep, nutrition structure, and training are established.

In practice, the most defensible supplement strategy is to correct obvious gaps: adequate
protein, adequate fiber, and micronutrient sufficiency. Magnesium may be relevant when intake
is low, and fiber supplementation can be useful when whole-food fiber is insufficient. But the
hierarchy holds: supplements are not how you fix chaotic inputs.

Biohacks (tools for visibility and compliance)

For Metabolic Age, the most useful biohack is often temporary: a CGM used as an education
device. The value is not the number itself; it's what it teaches you about your personal response
to meals, sleep, stress, and training.

Used correctly, a CGM reveals patterns:

e which meals produce large spikes
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e which meals produce crashes
e how poor sleep shifts the whole curve upward
e« how post-meal walking changes your response

Used incorrectly, it creates anxiety and micromanagement. The device is not the goal; stable
physiology is the goal.

Pharmacology (clinician-supervised actuators)

Metabolic pharmacology can be high leverage when indicated—particularly when insulin
resistance is severe, when prediabetes is progressing, or when obesity and metabolic
dysfunction are tightly coupled.

In recent years, GLP-1 receptor agonists and dual incretin therapies (GLP-1 + GIP) have
become major metabolic actuators because they can reduce appetite drive, improve glycemic
control, and often produce meaningful fat loss. In the engineering model, these therapies can
reduce metabolic load by lowering energy intake and stabilizing glucose dynamics, which can
positively influence downstream dials like inflammation and vascular function.

A subset of biohackers discuss “microdosing” or using non-standard dosing schedules to seek
benefits with fewer side effects. This is not a DIY lever. These medications can cause significant
adverse effects (including gastrointestinal intolerance and dehydration), and there are clinically
relevant risks and contraindications that require proper screening and monitoring. If considered
at all, it should be prescribed and supervised by an experienced clinician, with clear goals, stop
rules, and follow-up metrics.

If used, the dashboard should track: weight and waist-to-height ratio, fasting insulin (or HOMA-
IR), HbA1c, hydration status, tolerance, training performance, and whether sleep quality
improves or worsens.

9.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that moves Metabolic Age fastest and most reliably is:

1. Sleep & circadian stability

2. Resistance training (building muscle as the primary glucose sink)

3. Daily movement volume + post-meal walks

4. Nutrition structure (protein-first meals, fiber-forward, carbohydrate timing/quality,
sustainable calorie control)

5. Zone 2 aerobic base (for mitochondrial capacity and metabolic flexibility)

6. Direct stress management (to reduce cortisol-driven insulin resistance and appetite

dysregulation)

Start at the top and only layer lower items once the higher ones are stable and consistent. This
is the 80/20 rule applied to metabolic engineering: sleep restores baseline sensitivity, muscle
expands disposal capacity, movement provides immediate glucose uptake, and structured
nutrition prevents excessive insulin demand. Aerobic work and stress tools amplify gains but
require the foundation to avoid tradeoffs.
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9.4 Calibrating Your Metabolic Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Metabolic Dial Age."

Result State Status Action Protocol
Younger / Low fasting insulin, High reserve, low | Maintenance: Sustain
Optimized excellent sensitivity, stable | risk muscle base, sleep, and

energy nutrition hygiene
On-Par/ Moderate insulin/HOMA- | Compensated, Tuning: Prioritize strength,
Drift IR elevation, occasional trending wrong protein/fiber, post-meal
volatility walks
Older/ High insulin resistance or | Established Overhaul: Intensive
Mitigation rising HbA1c, frequent issues, higher risk | foundations + clinician-
volatility guided options if needed

My current Metabolic Dial Age:

Evidence/notes:

(Younger / On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for
personalization; based on longevity/endocrine consensus)

Metric Younger On-Par (Drift) Older (Mitigation)
(Optimized)
Fasting Insulin <8-10 pU/mL 10-15 pU/mL >15-20 pU/mL
HOMA-IR <1.0 1.0-2.0 >2.0
HbA1c <5.0-5.2% 5.2-5.6% >5.7%
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Energy/Symptom Steady, no Occasional Frequent
Proxies volatility dips/cravings crashes/cravings

Minimum viable: Score with fasting glucose/insulin or HbA1c alone if that's all you have—
combined with energy stability symptoms.

9.5 Common Denominators & Crosstalk

Metabolic Age is a hub dial. It directly influences—and is influenced by—several others.

Sleep & circadian integrity affects insulin sensitivity and appetite control.

Psychological load shifts the system toward stress chemistry that worsens glucose
handling and food decisions.

Structural & Mechanical Age (muscle mass and aerobic capacity) determines how much
glucose you can dispose of efficiently.

Inflammatory Age and metabolic dysfunction reinforce each other: inflammation worsens
insulin signaling; insulin resistance increases inflammatory signaling.

Vascular Age is downstream: glucose volatility and insulin resistance damage the
endothelium over time.

A single engineering goal captures the essence of this dial: reduce glucose oscillation and lower
insulin effort, while building the reserve that makes stability easy.

9.6 Minimum Viable Protocol (8—12 weeks)

This is the smallest set of moves that reliably improves Metabolic Age in most people.

OB wWN =~

Stabilize sleep: fixed wake time + protected sleep window.

Strength train 2—4x/week: progressive overload, major muscle groups.
Increase daily movement volume: steps baseline; break up sedentary time.
Protein-first meals + fiber-forward foods: reduce spike amplitude and cravings.
Post-meal walking most days (10-15 minutes).

Retest at 8—12 weeks: fasting insulin, fasting glucose (or HOMA-IR), HbA1c.

Success looks like less energy volatility, fewer cravings, improved training performance, and
improved lab trends.

9.7 Advanced Optimization Protocol

For serious readers who already have foundations in place:

Use a CGM temporarily to identify personal spike triggers and optimize meal sequencing
and timing.

Build a robust aerobic base (Zone 2 volume) and add intervals if recovery supports it.
Push body composition toward lower visceral fat without chronic starvation.

Investigate stalls: sleep disorders, medication effects, thyroid function, and other
constraints.
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e Consider clinician-guided pharmacology when the trajectory or risk warrants it.

Bottom line: Metabolic Age is the efficiency of your fuel processing and control logic. Keep
glucose stable, reduce insulin effort, and build the reserve that makes stability easy—muscle,
aerobic capacity, and consistent recovery. When this dial improves, multiple others tend to
follow.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

o Sleep restriction and insulin sensitivity (e.g., Broussard et al., 2012; meta-analyses on
short sleep and metabolic risk).

e Strength training and insulin sensitivity (meta-analyses, e.g., Strasser et al., 2010;
resistance training improves HOMA-IR).

e Zone 2 and mitochondrial flexibility (exercise physiology reviews, e.g., San-Millan &
Brooks, 2018).

o Post-meal walking and glucose control (Colberg et al., 2013; short bouts reduce
postprandial excursions).

o GLP-1/GIP therapies (STEP trials for semaglutide, SURPASS for tirzepatide: weight
loss, glycemic control, CV benefits in select populations).

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 10. Atherogenic Age

ATHEROGENIC AGE

ApoB, Lp(a), Plaque Burden

(lipid particle burden; ApoB & non-HDL reality; ApoA1/ApoB context; Lipoprotein(a); plaque
detection; long-horizon vascular risk)

If Vascular Age is the integrity of the distribution network, Atherogenic Age is the amount of
sediment that is likely to accumulate inside the pipes over time. This is the dial that most people
misunderstand because standard care often reduces the discussion to a single number—total
cholesterol—when the actual physics of plaque formation is driven more by particles,
permeability, and time.

From an engineering perspective, atherosclerosis is not a mystery. It is a long-duration

deposition process. Particles circulate through the system, the vessel lining becomes permeable
or “sticky” under certain conditions, and particles are retained. Over the decades, retention
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becomes plaque. Your Atherogenic Age dial answers a blunt question: how many atherogenic
particles are present, and how likely are they to be retained?

This chapter is not about fear. It is about clarity. If sediment risk is low, you can optimize with
broad levers. If sediment risk is high—or if plaque already exists—your strategy changes.
Engineers don’t argue with deposition dynamics; they change inputs and tighten control.

10.1 The Metrics

Atherogenic Age is measured best by particle-focused metrics and a small number of “special
physics” markers.

ApoB (the particle count proxy).

ApoB is the most practical single marker for atherogenic particle burden because each
atherogenic particle (LDL, VLDL remnants, IDL, Lp(a)) carries one ApoB molecule. In plain
engineering terms, ApoB approximates how many “sediment-carrying trucks” are driving
through your vascular network all day. More trucks, more delivery attempts, more chances for
retention.

If you don’t have ApoB, non-HDL cholesterol is a useful proxy, but ApoB is the cleaner sensor
for the underlying mechanism.

ApoA1 and the ApoB/ApoA1 context.

ApoA1 roughly tracks HDL particle-related biology and reverse transport capacity. The
ApoB/ApoA1 ratio can offer additional context, but the core control knob remains ApoB: it tracks
the number of atherogenic particles likely to initiate deposition.

Lp(a) (the special-case particle).

Lipoprotein(a) is a genetically influenced particle that carries ApoB plus an additional protein
(apo(a)) that can increase atherogenicity and thrombosis-related risk. Lp(a) is the “special
physics” variable because lifestyle often has a limited effect on it compared with other lipid
markers. For most people, it should be measured at least once to establish baseline risk.
Triglycerides and remnant cholesterol (the overflow problem).

High triglycerides often signal increased remnant particles and metabolic dysfunction. This ties
Atherogenic Age to Metabolic Age: when fuel processing is inefficient, particle burden and
particle composition often worsen.

Plaque presence (audit metrics).

Particle burden tells you risk; plaque detection tells you whether deposition has already
occurred.

e CAC (coronary artery calcium) is a common audit tool.
e Carotid plague assessment is another.
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These do not replace ApoB; they complement it. ApoB is the upstream driver; CAC/plaque is
the downstream footprint.

10.2 Leading vs. Lagging Indicators

Atherosclerosis is a slow process with fast inputs.

e ApoB /non-HDL can change over weeks to months with diet, weight loss, and/or
medication.

o Triglycerides can change over days to weeks, often reflecting recent lifestyle and
metabolic state.

e Lp(a) is relatively stable across time (primarily genetic) and should be treated as a
baseline constraint.

e CAC /plaque is a long-horizon audit, reflecting years of prior exposure. It is not a short-
term steering metric.

The practical consequence is simple: you don’t chase CAC month to month. You control ApoB

and the conditions that promote retention (endothelial dysfunction, inflammation, insulin
resistance) and you use imaging as an occasional audit when appropriate.

10.3 The Levers

The Atherogenic Age dial is one of the most “engineering honest” dials: the biggest actuator is
often the most direct one. Lifestyle matters, but there are limits—especially when genetics
(Lp(a)) or high baseline ApoB is present.

Lifestyle

The key lifestyle lever here is measurement and follow-through. Many people believe they are
“healthy” while running a high particle burden for decades because no one measured ApoB or
Lp(a). Engineers don’t optimize what they refuse to measure.

The second lifestyle lever is reducing chronic exposures that injure the vessel lining and
increase retention probability: smoking, chronic sleep debt, untreated hypertension, and
metabolic dysfunction.

Sleep

Sleep influences Atherogenic Age indirectly by affecting blood pressure, inflammation, appetite
regulation, and insulin sensitivity. Sleep doesn’t directly “lower ApoB” the way a medication can,
but it improves the environment that determines whether particles get retained.

Nutrition

Nutrition can lower ApoB meaningfully in some people, modestly in others, and minimally in a
few—depending on genetics and baseline physiology. The goal is not dietary ideology. The goal
is particle reduction and reduced retention risk.

High-ROlI principles:
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Reduce ultra-processed baseline (often improves triglycerides and metabolic inputs)
Increase soluble fiber and whole-food quality

Adjust saturated fat and overall fat quality depending on ApoB response

Reduce excess calories when visceral fat is present (Metabolic Age crosstalk)

The engineering stance is empirical: measure ApoB, change inputs, re-measure. Your body is
the test bench.

Exercise

Exercise is powerful for triglycerides, insulin sensitivity, blood pressure, and endothelial
function—conditions that affect retention. But exercise alone may not normalize ApoB in people
with high baseline particle burden. Treat exercise as essential environmental conditioning, not a
guaranteed particle-count reducer.

Supplements (supporting, not primary)

Some supplements can modestly influence lipids in certain contexts (fiber supplements, omega-
3s affecting triglycerides), but they are not the main lever when ApoB is high. Use them as
supporting tools once diet, movement, and clinical strategy are aligned. For specific products,
evidence tiers, dosing ranges, and drug interaction warnings, see Appendix C.

Biohacks

Most “lipid biohacks” are either measurement tools or compliance tools. The real biohack here is
simply getting the correct lab markers (ApoB, Lp(a)) and actually responding to what they say.

Pharmacology (clinician-supervised actuators)

For many people with elevated ApoB—or for anyone with established plaque—pharmacology
becomes a high-leverage actuator. In an engineering model, this is not a moral issue; it is a risk-
control decision.

Clinician-guided particle-directed therapies may include statins, ezetimibe, PCSK9 inhibitors, or
other agents depending on risk profile, tolerance, and goals. The correct approach is
individualized, monitored, and tied to measured outcomes.

If Lp(a) is high, the risk strategy often tightens even further because you're running a higher-risk
particle type. The practical response is usually to reduce all modifiable risk inputs aggressively
and to manage ApoB to a lower target under clinical guidance.

10.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that reduces Atherogenic Age most reliably is:

1. Measure the correct sensors (ApoB and Lp(a), not just total cholesterol)
Quit smoking if applicable (one of the strongest direct accelerators of plaque progression
and particle retention)

3. Control ApoB directly (often requires clinician-guided pharmacology if elevated or if
plaque is present)
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4. Optimize Metabolic Age inputs (sleep & circadian stability, insulin resistance,
triglycerides, visceral fat; reduces remnant particles and improves retention
environment)

5. Stabilize Vascular Age (blood pressure control and endothelial support reduce retention
probability)

6. Nutrition optimization (soluble fiber 1, saturated fat quality/adjustment, energy balance—
validated by ApoB retesting)

7. Exercise base + intervals as tolerated (improves overall environment; sometimes modest
direct lipid improvements)

8. Supplements as supporting tools (soluble fiber/lomega-3 context; never primary when
ApoB is the core problem)

Start at the top and work downward. Engineers don’t try to “out-lifestyle” a particle-count
problem for decades before using the correct actuator. If ApoB is high, the system is running too
many sediment-carrying trucks through the network. Your job is to reduce truck count and make
the lining less sticky—smoking cessation and sleep stabilization are non-negotiable if they're
relevant, as they dramatically shift retention dynamics.

10.4 Calibrating Your Atherogenic Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Atherogenic Dial Age."

Resulit State Status Action Protocol
Younger / ApoB well-controlled, Low deposition Maintenance: Sustain
Optimized favorable triglycerides, risk, high reserve | foundations, periodic audits
CAC=0

On-Par/ ApoB moderately Elevated burden, | Tuning: Tighten

Drift elevated or borderline compensated metabolic/nutrition inputs,
triglycerides, early audit retest ApoB
signals

Older/ High ApoB and/or high Established Overhaul: Aggressive

Mitigation Lp(a), confirmed plaque deposition, higher | modifiable levers + clinician-

risk guided particle control
My current Atherogenic Dial Age: (Younger / On-Par / Older)

Evidence/notes:
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Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for
personalization; based on longevity/cardiovascular consensus)

Metric Younger (Optimized) On-Par (Drift) Older (Mitigation)
ApoB <80-90 mg/dL 90-110 mg/dL >110-130 mg/dL
Lp(a) (nmol/L) | <75-100 100-200 >200
Triglycerides | <100 mg/dL 100-150 mg/dL >150 mg/dL
CAC score 0 1-100 (context-dependent) | >100 or high percentile

Minimum viable: Score with ApoB/non-HDL or triglycerides alone if that's all you have—
combined with family history or symptoms.

10.5 Common Denominators & Crosstalk

Atherogenic Age is tightly coupled to other dials:

Vascular Age: endothelial dysfunction and hypertension increase particle retention
probability.

Metabolic Age: insulin resistance increases triglycerides/remnants and worsens the
vascular environment.

Inflammatory Age: chronic inflammation makes the endothelium “stickier” and
accelerates deposition dynamics.

Hormonal Age: hormonal dysfunction can worsen lipid profiles indirectly through body
composition and metabolism.

Atherosclerosis is not only about what’s in the blood; it's also about what the vessel wall does

with it.

10.6 Minimum Viable Protocol (8—12 weeks)

1.

Get the correct labs: ApoB + Lp(a) (and triglycerides/non-HDL).
Implement a basic nutrition upgrade: reduce ultra-processed baseline; increase soluble

fiber; tighten saturated fat if ApoB responds poorly.

Build movement volume: steps baseline + consistent training.
Fix Metabolic Age basics (sleep, protein-first meals, post-meal walking).
Re-test ApoB and triglycerides at 8—12 weeks.
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6. If ApoB remains elevated or plaque risk is high, discuss clinician-guided therapy.

Success looks like a lower ApoB trend, improved triglycerides/remnants, and improved overall
risk environment.

10.7 Advanced Optimization Protocol

e Add imaging audits when appropriate (CAC/carotid plaque strategy with clinician
guidance).

o Tighten BP control and endothelial-support inputs (sleep, Zone 2, inflammation control).

o If Lp(a) is high, treat it as a baseline constraint and push modifiable levers harder.

¢ Use medication actuators when warranted and measure outcomes rather than debating
ideology.

Bottom line: Atherogenic Age is deposition physics. Reduce the atherogenic particle burden,
reduce the probability of retention, and use imaging as an occasional audit—not a daily
obsession. When this dial is controlled, the vascular network stays clean longer, and the entire
Longevity Dashboard becomes easier to optimize.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

e ApoB causality (Mendelian randomization studies, e.g., Ference et al., 2017): ApoB-
containing particles as causal in atherosclerosis.

e Lp(a) risk (emerging trials and cohorts, e.g., Kronenberg et al.): Genetic elevation
associated with higher CV events.

e CAC prediction (Detrano et al., 2008, NEJM; MESA cohort): CAC improves event
prediction beyond traditional factors.

e Statin/PCSK9 outcomes (FOURIER 2017; ODYSSEY 2018): Particle-lowering reduces
events in appropriate patients.

o Lifestyle impacts (meta-analyses on diet/exercise and lipids, e.g., soluble fiber and
ApoB/triglycerides).

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 11. Inflammatory Age

INFLAMMATORY AGE

hs-CRP, Immune Tone, Gut

(hs-CRP; immune balance markers like lymphocyte-to-monocyte ratio; chronic low-grade
inflammation/inflammaging; gut integrity as an upstream driver)

Inflammatory Age is the “background noise” dial of the Longevity Dashboard. When it's low, the
system runs quietly: tissues repair, vessels stay less sticky, insulin signaling is cleaner, and the
brain operates with less fog. When it's high, everything runs hotter. Recovery slows, joints ache,
sleep fragments, glucose control drifts, endothelial function degrades, and plaque deposition
dynamics accelerate.

In engineering terms, chronic inflammation is thermal load plus signal interference. It raises

baseline stress on every subsystem and distorts the feedback signals you use to steer the
machine. You can try to optimize Vascular Age, Metabolic Age, Cognitive Age, and Structural &
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Mechanical Age, but if Inflammatory Age is elevated, you’ll often experience “nonlinear
resistance”: you pull levers, and the expected gains don’t show up.

This chapter is about identifying inflammation as a systems state, measuring it with practical
sensors, and reducing upstream drivers—especially the ones that quietly persist for years:
visceral fat, sleep debt, oral inflammation, training mismatch, gut integrity issues, alcohol,
nicotine exposure, and chronic psychological load.

11.1 The Metrics

Inflammation is not one thing. It is a network of signals. The Dashboard focuses on a small set
of accessible, repeatable markers that reflect systemic inflammatory tone and immune
regulation.

hs-CRP (high-sensitivity C-reactive protein).

hs-CRP is a workhorse marker for low-grade systemic inflammation. It is not perfectly specific—
you can elevate it with an infection or an injury—but as a trend marker, it is very useful.
Engineers should treat hs-CRP like a temperature sensor in a plant: one reading can be
misleading, but a sustained elevation tells you the system is running hot.

Immune balance markers (CBC-derived ratios).

A complete blood count (CBC) can be converted into simple immune balance ratios. One
example is the lymphocyte-to-monocyte ratio (or its inverse). These ratios are not magical
biomarkers; they are directional indicators that can reflect immune activation patterns over time.
They become more meaningful when tracked as trends rather than one-off values.

Advanced or Contextual Inflammatory Markers

For readers encountering specialized testing in longevity discussions, two additional markers
are sometimes highlighted:

e GlycA (available via NMR lipoprofile panels) is a composite signal of glycosylated acute-
phase proteins. It offers a more stable, integrated view of chronic inflammatory tone than
hs-CRP alone and has demonstrated independent predictive value in large cohorts (e.g.,
MESA, JUPITER). Consider it as an occasional audit metric when hs-CRP trends are
noisy or variable despite consistent lifestyle application.

¢ Homocysteine is an older associative marker linked to cardiovascular and cognitive risk
in observational studies. However, randomized trials of B-vitamin supplementation to
lower it have consistently shown no meaningful reductions in hard outcomes. It is not
recommended as a primary target—prioritize hs-CRP and the master levers that reliably
move it.

Both remain supportive at best; hs-CRP is the practical, repeatable steering metric for nearly all
users.

Context markers (to interpret the signal).
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Inflammation markers are vulnerable to confounding. If you want a reliable interpretation, you
need context:

recent iliness, dental work, injury, intense training blocks
alcohol intake

sleep disruption

changes in body weight and waist-to-height ratio
smoking/nicotine exposure

Inflammatory Age is best measured as a trend under comparable conditions, not as a single
“diagnosis.”

11.2 Leading vs. Lagging Indicators

Inflammation has both fast and slow components.

o Acute spikes can occur within hours to days (infection, injury, intense training, poor
sleep, heavy alcohol).

o Systemic baseline inflammation shifts over weeks to months with changes in sleep,
visceral fat, training load, diet quality, gut integrity, oral health, and psychological load.

« Downstream damage (atherosclerosis dynamics, vascular stiffening, cognitive decline
risk environment) accumulates over years, which is why early control matters.

Practical rule: if hs-CRP is elevated, don’t panic and don’t ignore it. Repeat it under stable
conditions and then treat it as a systems troubleshooting problem.

11.3 The Levers

Inflammatory Age responds best when you remove chronic inputs rather than stacking “anti-
inflammatory hacks.”

Lifestyle

The highest-ROl lifestyle approach is to identify and eliminate persistent drivers of inflammatory
tone. For many people, this is less about finding a magic compound and more about removing
obvious irritants that keep the immune system activated: smoking/nicotine exposure, alcohol
frequency, sleep fragmentation, and training that outpaces recovery.

It also means not missing the boring, high-impact culprits: visceral fat, untreated sleep apnea,
chronic oral inflammation, and ongoing stress chemistry.

Sleep

Sleep is not just recovery—it is immune regulation. When sleep is inconsistent, the immune
system drifts toward higher activation, and inflammation becomes harder to control. Many
“‘mysterious” inflammatory patterns improve when sleep regularity and fragmentation improve.

The practical goal is boring and effective:

o fixed wake time
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o sufficient duration
o low fragmentation
¢ minimal late alcohol and stimulant exposure

Nutrition

Inflammatory nutrition is strongly influenced by the quality and predictability of inputs. A
defensible baseline strategy is straightforward:

reduce ultra-processed food density

increase whole-food fiber (supports gut integrity and immune regulation)
ensure adequate protein (supports repair)

avoid chronic overeating (ties back to visceral fat and metabolic drift)

Specific “anti-inflammatory” dietary patterns (for example, Mediterranean-style patterns) tend to
work primarily through the mechanisms above—more fiber and micronutrients, fewer ultra-
processed inputs, and improved metabolic control—not because of a single magic ingredient.
Exercise

Exercise can reduce chronic inflammation—if the dose matches recovery.

Zone 2 work and strength training are generally anti-inflammatory over time because they
improve metabolic function, body composition, and resilience. Excessive high-intensity work
layered onto poor sleep, high stress, and inadequate calories often becomes inflammatory.

Inflammatory Age punishes “grind culture.” It rewards repeatable training that you can recover
from.

Supplements (supporting, not primary)

Supplements should not be the first line. Fixing sleep, visceral fat, training load, alcohol
frequency, and diet quality typically produces more signal than any supplement.

That said, some people use targeted tools once foundations are stable:

e omega-3s (context-dependent)

e magnesium (especially if it improves sleep quality)

o fiber supplementation when dietary fiber is insufficient
Use supplements to close a gap or support compliance—not to mask persistent inflammatory
inputs. For specific products, evidence tiers, dosing ranges, and drug interaction warnings, see
Appendix C.
Biohacks (measurement and compliance tools)
Inflammatory “biohacks” are mainly useful when they lower stress load or improve recovery
compliance. Sauna may improve subjective recovery and inflammatory tone in some people, but
only if it improves sleep and doesn’t add strain. Cold exposure can be recovery-positive for
some and stress-amplifying for others; this dial is sensitive to that tradeoff.

The best biohack remains boring: track the basics, reduce irritants, and improve sleep.
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Pharmacology (clinician-supervised actuators)

This book is not a drug manual. But a practical engineering framework acknowledges that
persistent inflammation sometimes requires medical evaluation and treatment. If inflammatory
markers remain elevated, especially with symptoms (Gl symptoms, joint pain, fatigue,
unexplained fevers, weight loss), the right move is not more supplements—it’s an appropriate
clinical workup.

In cardiovascular prevention, there is an emerging concept of residual inflammatory risk: people
may have their lipid markers controlled but still run a high inflammatory baseline. Some
clinician-directed strategies—including agents like low-dose colchicine in select contexts—have
been studied for reducing inflammatory risk in secondary prevention and certain high-risk
settings. This is strictly clinician territory and highly context-dependent; it belongs in a medical
risk-management plan, not self-experimentation.

11.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that lowers Inflammatory Age fastest and most reliably is:

o Sleep stability (duration + regularity; reduce fragmentation and late disruptors)

o Visceral fat reduction (waist-to-height ratio trending down when elevated; often the
largest chronic driver)

o Alcohol strategy + removal of obvious irritants (frequency/timing discipline; quit
smoking/nicotine if applicable)

e Oral health optimization (address gum disease/chronic dental inflammation)

e Training dose correction (recovery-matched Zone 2 + strength; avoid chronic
overreaching)

¢ Nutrition baseline upgrade (reduce ultra-processed density; increase whole-food fiber
and protein)

o Direct psychological load management (breathwork, downshift protocols for chronic
stress)

o Gut integrity support (fiber, tolerance testing; clinician-guided if symptoms persist)

e Targeted supplements + advanced recovery tools (omega-3s, magnesium, sauna/cold—
only if recovery-positive)

Start at the top. Most people try to start at the bottom—and wonder why hs-CRP stays noisy.

11.4 Calibrating Your Inflammatory Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Inflammatory Dial Age."

Result State Status Action Protocol
Younger / Low stable hs-CRP, strong | Quiet system, Maintenance: Sustain
Optimized recovery high reserve foundations, build reserve
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On-Par / Drift

Moderate hs-CRP or
fluctuating markers,
occasional symptoms

Noisy baseline

Tuning: Stabilize sleep/stress,
tighten nutrition/training

Older/
Mitigation

Persistently high hs-CRP
(>3 mg/L trend), frequent
symptoms

Chronically
elevated

Overhaul: Remove drivers +
clinician evaluation if
persistent

My current Inflammatory Dial Age:

Evidence/notes:

(Younger / On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for

personalization; longevity-focused thresholds)

Metric Younger On-Par (Drift) Older (Mitigation)
(Optimized)

hs-CRP <1 mg/L 1-3 mg/L >3 mg/L

Lymphocyte/Monocyte >2.5-3 1.5-2.5 <1.5

Ratio (approx.)

Recovery/Symptom Proxies Excellent, no Occasional Frequent

persistent issues fatigue/aches symptoms/poor

recovery

Minimum viable: Score with hs-CRP trend + recovery/symptom log if that's all you have—
context (recent stressors) is key.

11.5 Common Denominators & Crosstalk

Inflammatory Age is deeply connected to every other dial:

o Metabolic Age: insulin resistance promotes inflammatory signaling; inflammation

worsens

insulin sensitivity.

o Vascular Age: inflammation makes the endothelium stickier and less responsive.

64




e Atherogenic Age: inflammation increases retention dynamics and destabilization risk
environment.

e Cognitive Age: chronic inflammation is associated with worse cognitive performance and
recovery.

¢ Hormonal Age: chronic stress and poor sleep drive cortisol dysregulation, which can
worsen inflammatory tone.

Gut integrity belongs here explicitly. The gut barrier is a major interface between the immune
system and the external world. When gut integrity is impaired—whether through dysbiosis
patterns, irritant exposures, or chronic Gl dysfunction—the immune system can remain
persistently activated. You don’t need to worship a single microbiome ratio to respect this
reality. Treat the gut as a functional subsystem: symptoms, tolerance, stool patterns, and
downstream markers like hs-CRP and metabolic metrics tell you whether your interventions are
working.

11.6 Minimum Viable Protocol (8—12 weeks)

1. Stabilize sleep: fixed wake time + protected sleep window.
Remove inflammation amplifiers: late alcohol, smoking/nicotine exposure, excessive
training intensity.

3. Build recovery-compatible training: steps baseline + Zone 2 + strength (avoid
overreaching).

4. Upgrade nutrition baseline: reduce ultra-processed density; protein adequacy; fiber-
forward foods.

5. Address oral health: consistent dental hygiene and evaluation if gum disease is
suspected.

6. Add a simple downshift protocol (breathwork or decompression routine) if stress is
chronic.

7. Re-test hs-CRP (and CBC ratios) under stable conditions at 8—12 weeks.

Success looks like improved recovery, fewer aches, clearer energy, and lower inflammation
trend markers.

11.7 Advanced Optimization Protocol

For readers who have the basics stable:

o Evaluate gut integrity functionally (symptoms, tolerance, stool patterns) and consider
targeted testing if clinically justified.

o Tighten metabolic control (glucose variability, insulin resistance) because it is a major
inflammation driver.

e Use sauna/cold strategically only if they improve recovery and sleep rather than adding
stress.

o If markers remain elevated, pursue clinical evaluation to rule out hidden drivers (sleep
apnea, autoimmune conditions, chronic infections, inflammatory Gl disease, etc.).

e If cardiovascular risk is high and inflammation remains elevated despite optimized
lifestyle and lipid management, discuss clinician-directed strategies for residual
inflammatory risk.
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Bottom line: Inflammatory Age is the system’s background heat and noise floor. Lower it by
stabilizing sleep, reducing visceral fat, tightening alcohol/nicotine discipline, correcting training
dose, upgrading nutrition quality, addressing oral and gut integrity issues, and reducing chronic
psychological load. When this dial quiets down, nearly every other dial becomes easier to move.

Key Supporting Studies

This chapter draws on established evidence from maijor trials, cohorts, and meta-analyses (full
references in Appendix H):

hs-CRP and risk (Ridker et al., JUPITER and meta-analyses): Elevated CRP predicts
CV events; lowering inflammation reduces risk.

Sleep restriction and inflammation (e.g., Meier-Ewert et al.): Short sleep increases CRP
and cytokines.

Visceral fat and cytokines (meta-analyses): Adipose tissue as inflammatory source.
Exercise dose-response (Pedersen & Saltin reviews; meta-analyses on moderate vs.
high-intensity).

Colchicine for residual risk (COLCOT, CANTOS trials): Low-dose in select CV contexts.

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 12. Organ Age

ORGAN AGE

Kidney, Liver, Reserve Margin

(kidney reserve via cystatin C/eGFR,; liver function & metabolic clearance; organ
morphology/imaging when indicated; “silent drift” detection)

Organ Age is the audit-heavy dial. Most people feel fine—until they don’t—because organs are
designed with redundancy. Your kidneys, liver, heart, and other organs can lose meaningful
functional capacity while you remain asymptomatic. That’s not a comforting fact; it's an
engineering reality: systems with high redundancy hide drift.

This dial is about measuring that drift early. Not to create fear, and not to chase endless

scans—but to know whether the machine has reserve. In the Longevity Dashboard, “reserve”
means the organ can tolerate stressors (iliness, dehydration, surgery, aggressive training, sleep
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loss) without crossing failure thresholds. Low reserve means you need tighter control and fewer
insults. High reserve buys you margin.

Organ Age is also where optimization culture can backfire. People stack supplements, peptides,
harsh dieting, dehydration-based protocols, alcohol, NSAIDs, and extreme training while never
measuring the organs responsible for processing and clearing those inputs. Engineers don’t
increase system load without confirming the integrity of the components carrying the load.

12.1 The Metrics

This dial is built on a small number of high-signal clinical markers plus selective imaging when
justified.

Kidney Reserve (Cystatin C and eGFR).

Creatinine-based eGFR is commonly used, but it can be confounded by muscle mass, creatine
supplementation, and dietary patterns. Cystatin C—based eGFR is often a cleaner sensor for
kidney filtration reserve because it is less dependent on muscle mass. In a longevity framework,
kidney reserve matters because the kidneys are exposed to chronic pressure load, dehydration,
high-protein diets, medications, and supplement stacks—and they often fail quietly.

Supportive kidney context markers:

e urine albumin-to-creatinine ratio (microvascular and filtration integrity)
e blood pressure trends (kidney and vascular coupling)
e hydration patterns (especially for high performers)

Liver Function and Metabolic Clearance.

The liver is the chemical processing plant. It manages detoxification, glucose buffering, lipid
trafficking, hormone metabolism, bile production, and inflammatory signaling. Standard liver
enzymes can reflect stress or injury, but they’re not a complete picture. In an engineering sense,
you want to know whether the plant is overloaded, inflamed, or developing structural changes.

Common lab sensors:
o ALT/AST (cell stress/injury signals; not perfectly specific)
e GGT (often tracks metabolic stress and alcohol burden)

e bilirubin and alkaline phosphatase (context markers)

A key structural issue here is fatty liver. You can have normal enzymes and still have
meaningful fat accumulation. That's why imaging sometimes matters.

Organ Morphology (Imaging when indicated).
Reserve is not purely chemistry; it's also structure. When justified, standard imaging
(ultrasound, CT, MRI) can identify structural drift—fatty liver, kidney abnormalities, organ

enlargement, or other findings that change your risk strategy. This is not a call for everyone to
scan everything. It's a reminder: structure can drift silently.
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12.2 Leading vs. Lagging Indicators

Organ reserve is mostly lagging, but some sensors are useful as early warning lights.

e Hydration and blood pressure can change quickly and can stress kidneys immediately.

o Enzymes (ALT/AST/GGT) can change over weeks with alcohol changes, weight loss,
metabolic control, and medication shifts.

e Cystatin C/eGFR and urine albumin trend over months and reflect longer-horizon
reserve.

o Imaging findings (fatty liver, structural changes) are slower and represent accumulated
drift.

Practical rule: don’t overreact to a single lab. Repeat under stable conditions, look for trend, and
interpret in context (recent training, iliness, alcohol, dehydration, meds).

12.3 The Levers

This dial has an unusual property: levers are often less about “boosting” and more about
removing chronic insults. The goal is not to stimulate the organs—it’s to stop overloading them.

Lifestyle
The highest-ROI lifestyle move is to stop treating your organs like they're infinite.
e Avoid chronic dehydration patterns (especially with heavy training, sauna, stimulants, or
alcohol).
o Treat NSAIDs and other common medications as load variables, not harmless defaults.
o If you're stacking supplements, the question is not “does it work?” but “can your liver and
kidneys clear it safely over years?”

This is also where routine preventive care matters: uncontrolled hypertension, untreated sleep
apnea, and unmanaged metabolic dysfunction quietly reduce organ reserve.

Sleep
Sleep affects organ reserve indirectly through blood pressure control, metabolic regulation, and
inflammatory tone. Chronic sleep fragmentation pushes stress chemistry and raises baseline
load on the kidneys and liver via insulin resistance and hypertension drift.
Nutrition
For organ reserve, nutrition is mostly about metabolic load management.
For kidney reserve:
e Protein is not automatically harmful in healthy kidneys, but high-protein intake should be
paired with adequate hydration and monitoring if you're pushing extremes.

e Avoid dehydration + high protein + heavy training + NSAIDs combinations—this is a
common failure pattern.
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e High protein is generally safe with healthy kidneys and good hydration, but extreme
intakes (>2.5-3g/kg chronically) warrant monitoring in high-stress lifestyles.

For liver reserve:
¢ Reduce visceral fat and improve insulin sensitivity (fatty liver is tightly linked to metabolic
age).
¢ Alcohol strategy is non-negotiable for many people: frequency and timing matter, and
GGT often tells the truth before you want to hear it.

e Emphasize whole foods, fiber, and energy balance that supports gradual fat loss if
needed.

Exercise
Exercise generally improves liver fat and insulin sensitivity, but the dose matters. Overtraining
without recovery can raise stress load and worsen sleep—creating organ reserve drift via
inflammation and metabolic dysfunction.
The best default:

e strength + Zone 2 base

e avoid chronic extremes

e recover properly
Supplements (supporting, not primary)

This chapter is where you say something blunt: supplement stacks are organ load.

Some supplements may be useful, but the framework is:

o fewer, higher-quality, evidence-based tools
e avoid unnecessary chronic megadosing
¢ cycle non-essential compounds rather than running everything year-round
e monitor labs if using anything hepatically or renally cleared
Biohacks

Most biohacks for “detox” are nonsense or misframed. The real biohack is preserving the
organs that do detox.

Sauna can be useful for conditioning and recovery, but it is also a dehydration stressor. If you
sauna aggressively while training hard and underhydrating, kidney reserve can take the hit.
Treat sauna like a stress tool: beneficial only when recovery and hydration are managed.
Pharmacology (clinician-supervised actuators)

Many common medications impact kidney or liver function (directly or through hemodynamics

and metabolism). If you're using GLP-1/GIP therapies, lipid drugs, blood pressure meds, or
other long-term therapies, the correct approach is not fear—it is monitoring.
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If markers are persistently abnormal, this becomes clinician territory quickly: you do not
“optimize” around organ dysfunction. You diagnose and manage. Contrast agents in imaging or
certain antibiotics can stress kidneys—factor them into your overall load calculation.

12.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that preserves or improves Organ Age most reliably is:

1. Remove obvious chronic insults (alcohol frequency/timing discipline, smoking/nicotine
cessation, chronic dehydration, unnecessary NSAID/over-the-counter pain med reliance)

2. Stabilize sleep & circadian integrity (reduces systemic stress load and indirect organ
burden)

3. Control blood pressure trends (direct protection for kidney microvasculature)

4. Reduce visceral fat / improve insulin sensitivity (largest reversible driver of fatty liver and
metabolic organ stress)

5. Simplify supplement & pharmacology stacks (reduce unnecessary clearance burden;
monitor if using renally/hepatically cleared agents)

6. Build recovery-matched training (Zone 2 + strength; avoid chronic overreaching or
extreme protocols)

7. Nutrition stability (adequate hydration with protein intake, fiber-forward for metabolic
support, energy balance)

8. Selective imaging audits when indicated (e.g., liver ultrasound for suspected fatty
infiltration; clinician-guided)

Start at the top. Organ Age degrades primarily from accumulated insults, not from lack of
stimulation. Remove load first; optimization follows.

12.4 Calibrating Your Organ Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Organ Age Dial Age."

Result State Status Action Protocol
Younger / Strong eGFR (>90), normal High reserve, Maintenance: Sustain
Optimized enzymes, no structural robust foundations, periodic

issues audits
On-Par / Drift | Mild eGFR/enzyme drift, Compensated, Tuning: Remove insults,
borderline albumin/imaging early signs tighten metabolic/BP
control
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Older/
Mitigation

Significant decline or
structural findings

Low reserve,
higher risk

Overhaul: Clinician-led
diagnosis + tight
constraints

My current Organ Age Dial Age:

Evidence/notes:

(Younger / On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for
personalization; longevity-focused thresholds)

Metric

Younger
(Optimized)

On-Par (Drift)

Older (Mitigation)

Cystatin C eGFR

>90 mL/min/1.73m?2

60-89
mL/min/1.73m?

<60
mL/min/1.73m?

Urine <30 mg/g 30-300 mg/g >300 mg/g
Albumin/Creatinine

ALT/AST <20-30 U/L 30-50 U/L >50 U/L

GGT <20-30 U/L 30-60 U/L >60 U/L

Liver Imaging No fatty liver Mild steatosis Moderate/severe

Minimum viable: Score with basic labs (eGFR, ALT/AST/GGT) + symptom tolerance if that's all
you have—trends matter more than single values.

12.5 Common Denominators & Crosstalk

Organ Age is downstream of several dials:

e Vascular Age: chronic high pressure damages kidney microvasculature.
e Metabolic Age: insulin resistance drives fatty liver and worsens renal stress.
o Inflammatory Age: chronic inflammation increases organ stress and repair burden.
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Hormonal Age: thyroid and sex hormone status affect metabolism, lipids, and body
composition—indirectly impacting organ reserve.

The shared denominator is simple: organs like stability. The more stable your sleep, pressure
load, glucose dynamics, hydration, and recovery, the more reserve you preserve.

12.6 Minimum Viable Protocol (8—12 weeks)

1.

6.

Get baseline labs: cystatin C—based eGFR (and consider urine albumin/creatinine), plus
ALT/AST/GGT.

Run a “remove insults” sprint: reduce alcohol frequency, fix hydration, avoid
unnecessary NSAIDs, simplify supplement stack.

Stabilize sleep and BP trend.

Train consistently (strength + Zone 2), recover properly.

Improve metabolic inputs (protein adequacy, fiber-forward baseline, calorie control if
visceral fat is elevated).

Retest at 8-12 weeks under stable conditions.

Success looks like improved trends and fewer red flags—not a feeling. This is an audit dial.

12.7 Advanced Optimization Protocol

Add urine albumin/creatinine if not already tracked, especially with hypertension,
diabetes risk, or family history.

Consider liver imaging when metabolic risk is high or fatty liver is suspected—even if
enzymes are “normal.”

If using long-term pharmacologic actuators, build a monitoring cadence into your plan.
If any marker is persistently abnormal, treat this as a diagnostic problem, not an
optimization project.

Bottom line: Organ Age is your safety margin. Protect it by reducing chronic insults, stabilizing
sleep and blood pressure, improving metabolic control, and using audits intelligently. High
reserve buys you decades of robustness. Low reserve forces conservative engineering.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

Cystatin C superiority (Shlipak et al., CKD prognosis studies): Better risk prediction than
creatinine alone.

Fatty liver and outcomes (meta-analyses, e.g., Younossi et al.): Strong link to metabolic
syndrome and CV risk.

Alcohol and liver enzymes (GGT as sensitive marker, meta-analyses).

BP and kidney decline (SPRINT CKD sub-analyses; chronic hypertension accelerates
loss of reserve).

High-protein diets in healthy kidneys (meta-analyses, e.g., Devries et al.): Safe with
hydration; extremes warrant monitoring.

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 13. Cognitive Age

COGNITIVE AGE

Memory, Executive Function, HRV

(memory; attention; executive function; processing speed; mood/cognitive resilience; autonomic
nervous system + recovery capacity via HRV/sleep architecture; neuroprotective biochemistry;

lifestyle load)

Cognitive Age is the dial that most people fear but rarely measure. That's a mistake. The brain
is not just a thinking organ — it's a control center that governs decision-making, motivation,
impulse control, emotional regulation, and the ability to execute any long-term plan. If Cognitive
Age drifts, every other dial becomes harder to manage because compliance collapses, recovery
worsens, and stress chemistry rises.
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From an engineering perspective, Cognitive Age is best viewed as compute + control +
resilience. Compute is the raw capacity (attention, memory, processing speed). Control is
executive function (planning, inhibition, task switching). Resilience is recovery capacity under
stress (sleep quality, autonomic balance, mood stability). Many people only notice Cognitive
Age when something breaks — brain fog, anxiety, poor focus, irritability, poor sleep, or declining
performance at work. The Longevity Dashboard treats those as measurable outputs, not
personality traits.

This chapter is functional-test and biochemistry-aware because cognition is one of the few
domains where simple, repeatable testing — combined with a small set of accessible blood and
lifestyle markers — can reveal drift early, long before you'd see it on imaging.

This chapter will be more functional-test heavy because cognition is one of the few domains
where simple, repeatable testing can reveal drift early—long before you'd see it on imaging.

13.1 The Metrics

The Dashboard treats cognitive measurement like any other engineering measurement: you
want repeatable sensors, low noise, and trendlines. Cognitive metrics fall into four categories:
functional testing, recovery and autonomic markers, neuroprotective biochemistry, and lifestyle
load.

Core cognitive domains (functional testing).

You don’t need a full neuropsych battery for most people. You need a small set of repeatable
tasks that cover the major domains:

Attention / sustained focus (how long you can stay on task)
Processing speed (how quickly you can execute correct responses)
Working memory (holding and manipulating information briefly)
Executive function (inhibition, switching, planning)

Verbal recall / learning (especially for higher-level work)

Practical tools can include validated screening instruments and/or app-based tests. The key is
not which tool you pick—it’'s consistency: same test, same conditions, same time of day,
repeated over months.

Simple Reaction Time is the Dashboard's primary objective cognitive performance metric. It
measures how quickly you execute a correct response to a simple visual stimulus, in
milliseconds. Reaction time reflects neural processing speed, attention efficiency, and cognitive
reserve — and it declines predictably with aging and cognitive load. Optimal: <220 ms.
Borderline: >320 ms. A free, reliable test is available at humanBenchmark.com — take 5
attempts and record the average. Use it as a trendline, not a one-off score. Notably, slower
reaction time independently predicts all-cause mortality even after controlling for 1Q and
education, making it one of the more powerful longevity signals available from a 2-minute test.

Mood and cognitive resilience (a real metric, not "soft stuff").

Mood stability and stress tolerance aren't separate from cognition; they are part of cognitive
performance. Depression, anxiety, and chronic stress shift sleep, autonomic tone, inflammation,
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and motivation. For the Dashboard, mood and perceived stress are operational metrics because
they influence output and compliance.

Autonomic nervous system (recovery capacity).

Your brain's cognitive performance is tightly coupled to recovery. Practical ways to quantify
recovery capacity:

e Sleep architecture and fragmentation (sleep stages, quality, and duration — optimal 7-9
hours)

e Heart-rate variability (HRV, RMSSD) as a trend marker — optimal >60 ms

e Resting heart rate trends

e Subjective recovery and fatigue patterns

These are not perfect proxies for brain function, but they are powerful indicators of whether the
system is in a state where cognitive performance can be maintained — or whether it is running
on deficit.

Neuroprotective biochemistry.

Beyond functional testing and recovery proxies, a small set of blood markers directly reflects the
biological environment in which the brain operates. These are among the most modifiable and
underdiagnosed drivers of cognitive aging.

Omega-3 Index (RBC EPA+DHA %). One of the strongest modifiable brain aging biomarkers
available. EPA and DHA are structural components of neuronal membranes and are essential
for synaptic plasticity, anti-inflammatory signaling, and myelination. An Omega-3 Index below
4% is associated with significantly accelerated cognitive decline and smaller brain volume on
MRI. Optimal: 28%. Borderline: 5-8%. Poor: <4%. Most Western adults test in the 4-6% range.
The gap between current intake and optimal is easily closed with targeted supplementation or
consistent fatty fish intake.

Vitamin B12. B12 deficiency directly accelerates cognitive decline, causes neuronal
demyelination, and elevates homocysteine — independently worsening both vascular and
cognitive aging. The standard lab "low" cutoff of 200 pg/mL is far too low for brain health.
Longevity optimal: >400 pg/mL. Borderline: 200-300 pg/mL. Deficiency is particularly common
in adults over 50 (reduced intrinsic factor production), vegans and vegetarians, and those on
metformin or proton-pump inhibitors. Sublingual methylcobalamin is the preferred repletion form
— it bypasses the absorption issues that limit standard oral B12 in older adults.

Vitamin D (25-OH). Vitamin D receptors (VDR) are expressed throughout the brain, including in
the hippocampus and prefrontal cortex. Low vitamin D is independently associated with
dementia risk, depression, and cognitive decline in large prospective cohorts. Standard
"sufficient" >20 ng/mL is insufficient for brain health. Longevity optimal: 40—80 ng/mL. This
marker also appears in the Hormonal and Inflammatory dials — the cognitive crosstalk is
significant and bidirectional.

Lifestyle load markers.
Two lifestyle variables have sufficient dose-response evidence and biological mechanism to

warrant quantitative tracking as Dashboard inputs:
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Alcohol (units/week). Alcohol is a dose-dependent neurotoxin. There is no truly "safe" dose
from a brain aging standpoint — even moderate consumption (around 7 units/week) is
associated with measurable hippocampal volume reduction on MRI, disrupted sleep
architecture, and impaired memory consolidation. Optimal: 0O units/week. Borderline: 4—7 units.
Poor: >7 units. Alcohol's effect on cognition is heavily mediated through sleep — it suppresses
REM and slow-wave sleep even at low doses, fragmenting the glymphatic clearance cycle the
brain depends on for recovery.

Daily Steps. Ambulatory movement is one of the most accessible and evidence-backed BDNF
(brain-derived neurotrophic factor) stimuli available. BDNF is the brain's primary growth and
plasticity signal — it drives hippocampal neurogenesis, synaptic strengthening, and cognitive
resilience. Large prospective studies show that each additional 1,000 steps/day is associated
with approximately 8% lower cognitive decline risk, and that reaching 9,800+ steps/day is
associated with up to 51% lower dementia risk. Optimal: 29,000 steps/day. Borderline: 5,000—
7,000. Poor: <5,000.

Context markers (to interpret the signal).
Cognitive performance is highly confounded by:

Sleep debt and circadian disruption

Alcohol and cannabis

Stimulant overuse

Overtraining and under-recovery

Psychological load

Metabolic and inflammatory drift (including low B12, low Omega-3 Index, and insulin
resistance)

Engineering-minded individuals should log these because they explain variance better than
most "brain supplements."

13.2 Leading vs. Lagging Indicators

Cognitive Age includes both fast and slow signals.

e Sleep quality, HRV, reaction time, and attention can change in days to weeks with
targeted intervention.

e Omega-3 Index and B12 levels take 8—16 weeks to shift meaningfully (red blood cell
turnover determines repletion speed — you cannot rush this).

¢ Mood stability and executive function often change over weeks with consistent sleep,
training, and stress control.

e Long-horizon cognitive decline risk is a years-to-decades process influenced by vascular
health, metabolic control, inflammation, and education and engagement.

Practical rule: if cognition feels worse, don't immediately label it neurodegeneration. Treat it

like a system: look first at sleep, alcohol, Omega-3 Index, B12, stress, inflammation, and
metabolic state. Most "brain fog" is correctable biology, not irreversible decline.
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13.3 The Levers

Cognitive Age improves through two categories of levers: those that improve the biological
environment (sleep, vascular/metabolic/inflammatory control, neuroprotective biochemistry), and
those that improve cognitive capacity directly (training, skill acquisition, executive-function
practices).

Lifestyle

Cognitive Age is heavily influenced by the default lifestyle environment: sleep timing, light
exposure, work rhythms, and stress structure. Most high performers don't have a cognition
problem — they have a recovery deficit combined with uncorrected biochemical insufficiency.

Two high-impact lifestyle moves:

e Design a daily schedule that protects sleep and deep work blocks
¢ Reduce "always-on" stimulus load (constant notifications, context switching)

Cognition is expensive. If you burn it on constant switching, you'll interpret the resulting fatigue
as "brain fog."

Sleep

Sleep is the master lever for cognition. The brain uses sleep to consolidate memory, clear
metabolic byproducts via the glymphatic system (including amyloid-beta and tau), reset
emotional tone, and restore executive function.

For the Dashboard:

e Fixed wake time

e Consistent sleep window (7-9 hours; both too little and too much carry risk)

e Address snoring and possible apnea when relevant — one of the most underdiagnosed
cognitive aging drivers

e Caffeine discipline (cut-off by early afternoon)

¢ Alcohol timing discipline — even 1-2 drinks close to bedtime suppress REM and
fragment glymphatic clearance

Nutrition

Cognitive nutrition is about preventing metabolic volatility, correcting deficiencies, and
supporting neurotransmitter and membrane biology.

High-ROlI principles:

e Protein adequacy and micronutrient sufficiency (B12, folate, iron, vitamin D — check,
don't assume)

e Stable glycemic inputs (big glucose spikes and crashes impair focus and mood)

e Fatty fish 3x/week or omega-3 supplementation to push Omega-3 Index toward =8%
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¢ Avoid frequent alcohol and heavy late meals that fragment sleep

e Hydration and electrolytes in heavy training periods

¢ MIND diet pattern (Mediterranean + DASH hybrid for brain health): reduces Alzheimer's
risk by up to 53% in prospective data; daily leafy greens alone are independently
associated with approximately 11 years younger cognitive age in the MIND study cohort

If you want one unifying concept: cognition hates volatility — glucose volatility, sleep volatility,
emotional volatility, and biochemical insufficiency.

Exercise

Exercise supports Cognitive Age through multiple mechanisms: improved cerebral blood flow
regulation, BDNF upregulation, improved insulin sensitivity, reduced inflammation, and
improved mood stability.

e Zone 2 (150+ min/week) is the most consistent neuroplasticity and hippocampal volume
stimulus available without a prescription

e Strength training independently improves executive function and working memory via
IGF-1 and BDNF

e Daily steps =9,000: each additional 1,000-step increment reduces cognitive decline risk
approximately 8% in large cohort data

¢ Novel movement patterns (dance, martial arts, new sports): dual motor-cognitive
challenge accelerates neural plasticity beyond cardio alone

e Intervals can help, but only if recovery is strong — overreaching worsens cognition and
suppresses BDNF)

Supplements (supporting, not primary)

Most "brain stacks" are noise. Direct skill-building — music, languages, complex games — often
outperforms generic "brain apps" for real-world cognitive transfer. The defensible framework, in
order:

o Correct deficiencies first: B12 (sublingual methylcobalamin, 1,000 mcg/day), Vitamin
D3 + K2, folate, iron if indicated. These have the strongest evidence and the clearest
mechanism — deficiency in any of them directly impairs cognitive function.

¢ Omega-3 (EPA+DHA, 2-4g/day with food): structural brain component; aim for
Omega-3 Index above 8%. Among the most consistently supported nutritional
interventions for cognitive reserve.

¢ Creatine monohydrate (3—5g/day): brain energy buffer; improves working memory and
mental fatigue resistance, particularly in sleep-deprived states or in individuals with low
dietary creatine intake (vegetarians and vegans). Effect in well-nourished individuals with
normal sleep is more modest.

¢ Magnesium L-threonate (1.5—2g/day): may improve synaptic density and working
memory. Animal models show superior blood-brain barrier penetration compared to
other magnesium forms; one small human RCT (n=44) showed cognitive benefits.
Promising but human evidence is limited — treat as a Tier 3 tool rather than an
established intervention.

e Lion's Mane mushroom (1,000-3,000mg/day): stimulates nerve growth factor; small
early-stage RCTs suggest improved processing speed over 12—16 weeks. Not yet
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replicated at scale — treat as an experiment with objective testing, not an established
recommendation.

e Bacopa monnieri (300-600mg standardised extract/day): multiple RCTs show
improved memory retention; effects take 6—8 weeks to emerge. Most trials are short-
term and conducted in specific populations — effects in younger or Western cohorts are
less established.

Anything beyond this list should be treated as an experiment with objective testing — not belief.
For full evidence tiers, dosing context, and drug interaction warnings for all supplements listed
here, see Appendix C.

Biohacks (measurement and performance tools)
Cognitive biohacks should be either:

e Measurement tools: reaction time testing (humanBenchmark.com), sleep tracking (HRV
and sleep architecture), Omega-3 Index blood testing (home test kits available)

e Recovery tools: morning light exposure (anchors circadian rhythm), evening light control
(reduces sleep disruption), temperature contrast (sauna + cold)

e Performance hygiene tools: focus blocks, notification control, breath-based downshifting

A powerful "biohack" is light: morning light anchors the circadian rhythm and improves sleep
depth, directly improving the overnight cognitive recovery cycle.

Pharmacology (clinician-supervised actuators)

If sleep is chronically poor, if mood is persistently depressed or anxious, or if attention problems
are severe, clinician evaluation matters. Some cognitive complaints are medication side effects,
sleep apnea, thyroid dysfunction, B12 deficiency, or depression — all treatable causes. The
engineering move is diagnosis, not self-experimentation.

13.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that improves Cognitive Age fastest and most reliably is:

1. Sleep stability + circadian control (protect the brain's recovery and glymphatic clearance

cycle)

Alcohol and stimulant discipline (remove sleep fragmentation and artificial focus debt)

Omega-3 Index correction (if below 6%: supplement to target 28%; retest at 12—16

weeks)

4. B12 and Vitamin D correction (if deficient: fast-acting and high-ROI)

5. Direct psychological load management (downshift protocols; reduce chronic threat
signaling)

6. Daily movement + Zone 2 base (resilience, mood stabilization, BDNF)

7. Nutrition stability (avoid glucose volatility; protein and micronutrient adequacy; MIND
pattern)

8. Cognitive training and deep work structure (reduce context switching; build executive
function)

9. Medical evaluation when indicated (sleep apnea, thyroid issues, depression/anxiety,
medication effects)

wn
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Start at the top. Most people start at nootropics and wonder why nothing changes.

13.4 Calibrating Your Cognitive Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Cognitive Dial Age."

<4%; B12 <300 pg/mL; reaction time
>320 ms; >7 alcohol units/week;
<5,000 daily steps

Result State Status Action Protocol
Younger / Excellent functional test scores, high | High clarity, strong | Maintenance:
Optimized | stable HRV/sleep; Omega-3 Index reserve Sustain recovery

>8%; B12 >400 pg/mL; reaction time and challenge
<220 ms; daily steps >9,000
On-Par/ Average functional test Noisy/overloaded Tuning: Prioritize
Drift performance, moderate HRV/sleep sleep/stress,
disruption; Omega-3 Index 5-8%; reduce volatility
B12 300—400 pg/mL; reaction time
220-320 ms; alcohol 4—7 units/week
Older/ Declining functional test trends, low | Persistent drift, Overhaul: Address
Mitigation HRV/poor sleep; Omega-3 Index higher concern fundamentals +

clinician evaluation

My current Cognitive Dial Age:

(Younger

Evidence/notes:

/ On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult validated tools/clinician for
personalization; longevity-focused thresholds)

Metric Younger On-Par (Drift) Older
(Optimized) (Mitigation)
HRV (RMSSD, morning) >60-80 ms 30-60 ms <30 ms
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based percentile)

age

Sleep Duration 7-9 hrs 6.5—7 hrs <6.5 hrs

Sleep Efficiency >90% 85-90% <85%

Resting Heart Rate <60 bpm (fit 60-75 bpm >75 bpm
individuals)

Reaction Time (simple) <220 ms 220-320 ms >320 ms

Omega-3 Index (RBC EPA+DHA) >8% 5-8% <4%

Functional Test Scores (e.g., app- | Top 20-30% for Middle 50% Bottom 20-30%

Vitamin B12 >400 pg/mL 300-400 pg/mL | <300 pg/mL
Vitamin D (25-OH) 40-80 ng/mL 30-40 ng/mL <30 ng/mL
Daily Steps (average) >9,000 5,000-9,000 <5,000
Alcohol (units/week) 0 1-7 >7
Mood/Resilience Proxies Stable, high Occasional Frequent
resilience variability fogl/irritability

Minimum viable: HRV/sleep tracker + reaction time test (humanBenchmark.com) + Omega-3
Index (home test kit) + alcohol and steps log. B12 and Vitamin D can be added at the first

standard blood draw.
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13.5 Common Denominators & Crosstalk

Cognitive Age is tightly coupled to nearly all dials:

Vascular Age: cerebral microvasculature is sensitive to pressure and stiffness; vascular
aging directly reduces brain perfusion.

Metabolic Age: insulin resistance and glucose volatility impair cognition, mood, and
energy.

Inflammatory Age: chronic inflammation is associated with worse cognitive function and
fatigue; homocysteine (elevated by low B12, B6, and folate) is both a vascular and
cognitive risk driver.

Hormonal Age: thyroid and sex hormones influence mood, energy, sleep, and cognition;
low testosterone and estradiol in both sexes affect cognitive resilience.

Structural & Mechanical Age: fitness improves resilience, BDNF output, and recovery
capacity.

The shared denominator is recovery capacity. If recovery is weak, cognition is fragile.

13.6 Minimum Viable Protocol (8—12 weeks)

Choose a repeatable cognitive testing approach: reaction time (humanBenchmark.com)
+ HRV/sleep tracker.

Get baseline labs: Omega-3 Index, Vitamin B12, Vitamin D — correct deficiencies before
adding complexity.

Stabilize sleep: fixed wake time + protected sleep window (7-9 hours).

Remove major disruptors: late alcohol (even 1-2 drinks), late caffeine, chronic
overreaching.

Build a Zone 2 base + daily movement volume (target 29,000 steps/day).

Stabilize nutrition: protein adequacy, reduce glucose volatility, hydration, and MIND-
aligned food choices.

Add a direct downshift protocol for stress (breathwork or decompression routine).
Retest reaction time + HRV + Omega-3 Index at 12—16 weeks.

Success looks like improved reaction time trends, better HRV, more consistent performance,
and corrected biochemistry — not just a better feeling..

13.7 Advanced Optimization Protocol

Address sleep apnea and other sleep disorders if suspected (snoring, daytime
sleepiness, fragmented sleep).

Add structured cognitive skill-building (learning a musical instrument, a new language, or
consistent adaptive working-memory training like dual N-back; evidence supports
modest far-transfer to executive function when practiced deliberately over months).
Tighten vascular and metabolic control — long-term cognitive risk is downstream of
those dials.

Push Omega-3 Index to 28% and sustain it: re-test every 6 months once replete.

Consider a clinician-guided evaluation if cognitive tests drift downward despite stabilized
fundamentals.

83



Bottom line: Cognitive Age is not just memory — it's compute, control, and resilience. Measure it
functionally, correct the biochemistry, protect recovery, reduce volatility, and build reserve with
movement, sleep stability, and disciplined attention. When this dial improves, the entire
Longevity Dashboard becomes easier to execute.

Key Supporting Studies

This chapter draws on established evidence from maijor trials, cohorts, and meta-analyses (full
references in Appendix H):

Sleep deprivation and cognitive impairment (meta-analyses, e.g., Lim & Dinges, 2010;
short sleep impairs attention and executive function).

Aerobic exercise and cognition (meta-analyses, e.g., Smith et al., 2010; Colcombe &
Kramer, 2003: benefits for executive function; BDNF upregulation).

HRYV as recovery/cognitive proxy (Thayer et al., autonomic flexibility model).

Reaction time as longevity predictor (Deary et al., 2006; Shipley et al., 2007: slower RT
predicts all-cause mortality independent of IQ and education).

Omega-3 Index and brain aging (Schaefer et al., 2006; Tan et al., 2012: higher Omega-3
Index associated with larger brain volume and better cognitive scores; Pottala et al.,
2014: RBC DHA predicts hippocampal volume).

Vitamin B12 and cognitive decline (Clarke et al., 2008: B vitamins slow brain atrophy in
MCI; multiple meta-analyses linking B12 deficiency to accelerated neurodegeneration).
Alcohol and brain volume (Daviet et al., 2022, Nature Communications: even moderate
drinking associated with reduced grey matter; no safe threshold identified for brain
aging).

Daily steps and cognitive decline (del Pozo Cruz et al., 2022: ~9,800 steps/day
associated with 51% lower dementia risk; dose-response relationship apparent above
3,800 steps).

Vitamin D and dementia (Littlejohns et al., 2014; Annweiler et al.: low vitamin D
associated with higher dementia risk in large prospective cohorts).

Cognitive training transfer (Simons et al., 2016: modest far-transfer effects; novelty and
complexity matter more than repetition).

Vascular/metabolic links to cognition (diabetes and cognitive decline meta-analyses;
insulin resistance and hippocampal atrophy).

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 14. Structural & Mechanical Age

STRUCTURAL & MECHANICAL

Muscle, Bone, VO2 Max, Balance

(muscle mass and strength; bone density; balance and fall-risk; VO, max; mobility; waist-to-
height ratio as chassis load; “the chassis, engine, and actuators”)

If you want a single dial that predicts whether you'll be independent at 80, this is it. Structural &
Mechanical Age is the engineering dial: it measures the condition of your chassis (bones and
joints), your actuators (muscle and tendon), and your engine capacity (VO, max and aerobic
reserve). It also captures stability and control—balance, coordination, and the ability to generate
force safely.

Most anti-aging content overemphasizes biochemistry and underemphasizes mechanics. That's

backwards. A person with great labs but poor strength, poor balance, low VO, max, and weak
connective tissue is running a fragile machine. Conversely, a strong, aerobically fit person with
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decent recovery capacity has a huge buffer against almost everything: injury, metabolic drift,
cognitive decline risk, and loss of independence.

This dial is also the “truth dial.” You can tell yourself you’re healthy, but strength tests, VO, max,
and balance tests don’t care about your identity. They report mechanical reality.

14.1 The Metrics

Structural & Mechanical Age is unusually measurable because the outputs are functional. You
can test them repeatedly and track trends.

Muscle mass and strength (actuator capacity).

Muscle is not cosmetic tissue. It's your glucose sink, your movement engine, your stability
system, and your injury protection. Strength is the usable output of that tissue.

Practical metrics:

grip strength (quick proxy)

major lift patterns and rep capacity (bench, squat/hinge variants, rows, presses)

relative strength (force per bodyweight)

muscle mass estimates (DEXA when available; otherwise circumference + performance
trends)

Bone density (chassis integrity).

Bone is the chassis. Low bone density turns a fall into a catastrophic failure. The best audit tool
is DEXA where appropriate, especially with age, risk factors, or history.

Balance and fall-risk (control system).

Balance is the often-ignored control subsystem. It predicts independence and injury risk better
than many lab markers.

Practical tests:
e single-leg stance time
e tandem stance / tandem walk
o sit-to-stand tests (also strength-endurance)

Mobility and range of motion (joint function and movement quality).

Mobility isn’t flexibility for its own sake. It's the ability to access positions safely and generate
force through them.

Track:
¢ hip and ankle mobility patterns

e shoulder range and stability
e pain-free movement quality in basic patterns
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VO, max (engine capacity).

VO, max is a blunt but valuable indicator of aerobic capacity and cardiovascular reserve. Higher
aerobic capacity generally predicts better resilience under stress, better recovery, and lower
long-horizon risk.

VO, max can be measured in a lab or estimated with validated field tests and wearables. Like
other metrics, the goal is trendline reliability, not perfect precision.

Waist-to-height ratio (chassis load / mechanical penalty).
Excess central mass is not only metabolic. It's mechanical load—stress on joints, changes in

gait, reduced mobility, and reduced movement economy. Waist-to-height ratio is a simple,
powerful metric that ties structural mechanics to metabolic and inflammatory dials.

14.2 Leading vs. Lagging Indicators

Mechanical adaptation is both fast and slow.
o Strength and work capacity can improve in weeks with consistent training.
e Balance and coordination often improve in weeks with targeted practice.
e Muscle mass and VO, max shift over months, with meaningful changes possible inside
8—12 weeks if consistent.
e Bone density is a long-horizon adaptation—often many months to years—but you can
still improve the trajectory with consistent loading.

The key is consistent mechanical input. This dial rewards repetition more than intensity.

14.3 The Levers

Structural & Mechanical Age is built by training, and degraded by underuse, chronic
inflammation, poor recovery, and injury cycles.

Lifestyle
Your lifestyle either supports movement or it slowly removes it.
Two principles:

e protect time and environment for training and daily movement
+ avoid the “all-or-nothing” cycle (train hard, get injured, stop completely)

Consistency beats heroism. The machine adapts to what you repeatedly ask it to do.
Sleep
Sleep determines adaptation. Poor sleep increases injury risk, reduces strength gains, worsens

soreness, and degrades coordination. If your sleep is unstable, you'll either under-train (low
stimulus) or overreach (high stimulus with poor recovery). Both age the chassis.
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Nutrition

Structural nutrition is about supporting training adaptation and maintaining favorable body
composition.

adequate protein to support muscle repair and retention

sufficient total calories to recover (especially with heavy training)

micronutrient adequacy (bone and connective tissue support)

energy balance discipline if waist-to-height ratio is elevated (reduces mechanical load
and improves movement economy)

This dial doesn’t respond well to chronic crash dieting. You can lose fat and build capacity, but
you must protect recovery.

Exercise
Exercise is the primary actuator for this dial. You need three categories:
o Strength training (actuator capacity): progressive overload, major movement patterns
e Aerobic base (Zone 2) (engine capacity): builds endurance and recovery capacity
o Balance and mobility (control + range): reduces fall-risk and improves force expression
The best programs are boring and repeatable:
e 24 strength sessions per week
e 24 Zone 2 sessions per week
e short daily balance/mobility micro-doses
This is how you build a machine that lasts.
Supplements (supporting, not primary)
Supplements don’t replace training. If used, they should support recovery and adequacy:
protein supplementation when dietary protein is insufficient
creatine (context-dependent; evidence-backed for strength and muscle)

magnesium glycinate if it improves sleep quality and recovery
vitamin D and calcium only when indicated by labs/dietary gaps and clinician context

Keep it simple and evidence-based. For specific products, evidence tiers, dosing ranges, and
drug interaction warnings, see Appendix C.

Biohacks

Most “biohacks” for mechanics are recovery tools or measurement tools:
e wearables for training load and sleep trends
e sauna/cold only if recovery-positive

e physiotherapy and prehab routines as “maintenance protocols”

The best biohack is not high-tech: it's building a training habit that you can sustain for years.
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Pharmacology (clinician-supervised actuators)
This dial intersects with medicine in two major areas:

e bone density management (when low density or fracture risk exists)
e pain/injury management (to restore function rather than suppress signals indefinitely)

Pharmacology should serve function. If you’re using medications that enable movement while
you rebuild capacity, that’'s engineering. If you’re using medications to ignore pain while
accumulating damage, that’s failure mode.

14.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that improves Structural & Mechanical Age fastest and most
reliably is:

1. Strength training consistency (progressive overload in major movement patterns;
primary builder of actuators and bone loading)

2. Sleep stability (protects adaptation, reduces injury risk, enables consistent training)

Protein adequacy + recovery calories (fuels repair; avoids catabolism and under-

recovery)

Daily movement volume (steps baseline; combats stiffness and maintains mobility)

Zone 2 aerobic base (engine capacity, recovery resilience, and movement economy)

Balance and mobility micro-doses (control system integrity and fall-risk reduction)

Body composition management (waist-to-height ratio trending down if elevated; reduces

mechanical penalty)

8. Targeted supplements and recovery tools (creatine, protein supps; only as support)

No ok

Start at the top. Most people chase gadgets or extreme protocols and wonder why the chassis
keeps deteriorating.

14.4 Calibrating Your Structural & Mechanical Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Structural & Mechanical Dial
Age."

Result State Status Action Protocol
Younger / Strong grip/major lifts, Robust Maintenance: Sustain
Optimized excellent VO, max and machine, high training, build further

balance reserve reserve
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On-Par / Drift

Average strength/VO,,
moderate balance/mobility
issues

Fragility
emerging

gaps

Tuning: Consistent
strength/Zone 2, address

Older/
Mitigation

Weak grip/lifts, low VO, max,
poor balance/pain

Low reserve,
higher risk

Overhaul: Safe rebuilding +
clinician guidance if needed

My current Structural & Mechanical Dial Age:

Evidence/notes:

(Younger / On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for
personalization; based on longevity/fitness consensus)

Metric

Younger (Optimized)

On-Par (Drift)

Older (Mitigation)

score)

Grip Strength (kg, age/sex Top 20-30% percentile | Middle 50% Bottom 20-30%

norm)

VO, max (mL/kg/min) >45-55 (excellent for 30-45 <30 (below
age) (average) average)

Single-Leg Stance (sec) >30-60 sec 10-30 sec <10 sec

Waist-to-Height Ratio <0.45-0.5 0.5-0.55 >0.55

Bone Density (DEXA T- >-1 -1t0-2.5 <-2.5

Minimum viable: Score with grip strength + single-leg stance + waist measure if that's all you
have—add VO, estimates or DEXA for precision.

14.5 Common Denominators & Crosstalk

This dial is deeply coupled to others:
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Metabolic Age: muscle is the primary glucose sink; strength training improves insulin
sensitivity.

Vascular Age: aerobic capacity supports endothelial function and recovery.
Inflammatory Age: chronic inflammation degrades recovery and increases pain/injury
risk.

Cognitive Age: fitness and strength support brain resilience and mood stability.
Hormonal Age: hormones influence muscle retention, bone density, recovery, and drive.

If there is a shared denominator here, it's reserve. Stronger machines tolerate stress.

14.6 Minimum Viable Protocol (8—12 weeks)

DR WN =

Choose a repeatable strength program (2—3 days/week, full body).

Add Zone 2 training (2—3 days/week).

Add daily movement baseline (steps) and a 5-minute mobility/balance micro-dose.
Raise protein to an adequate baseline and protect recovery calories.

Stabilize sleep (fixed wake time + protected window).

Retest: strength outputs, balance test, and aerobic capacity estimate at 8—12 weeks.

Success looks like measurable output gains: more reps, more load, better balance time, better
aerobic tolerance, and fewer aches.

14.7 Advanced Optimization Protocol

Add structured periodization (build, deload, rebuild) to avoid injury cycles.

Add power and speed elements when appropriate (especially for fall prevention and
athleticism).

Consider DEXA for body composition and bone density audits when indicated.
Tighten recovery: stress management, sleep quality, and inflammation control.
Treat pain as data and fix mechanics—don’t just silence signals.

Bottom line: Structural & Mechanical Age is the chassis, engine, and actuators. Build strength,
aerobic reserve, balance, and mobility—and manage chassis load. This dial predicts
independence, resilience, and real-world longevity more than almost any lab marker.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

Grip strength mortality (Leong et al., 2015 Lancet meta-analysis: Strong predictor of all-
cause mortality).

VO, max and longevity (Kodama et al., 2009 JAMA; Aerobics Center Longitudinal Study
cohorts).

Balance/fall risk (Tinetti and others: Single-leg stance as independence predictor).
Resistance training for muscle/bone (Martyn-St James & Carroll meta-analyses).
Waist-to-height superiority (Ashwell et al., obesity reviews).

These represent consensus-level evidence guiding the dial's design and levers.
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Chapter 15. Hormonal Age

HORMONAL AGE

Sex Hormones, Thyroid, Cortisol

(sex hormones in men and women; thyroid axis; cortisol rhythm and stress chemistry; growth
signaling context; “signal integrity” across the machine)

Hormonal Age is the dial that determines how loudly—or quietly—your body’s control signals
are transmitted. Hormones are not “supplements” and not “vibes.” They are system-wide control
signals that regulate fuel partitioning, muscle and bone maintenance, sleep architecture, mood
stability, libido, thermoregulation, and recovery.

From an engineering perspective, Hormonal Age is signal integrity. A young system has strong,
appropriately timed signals: cortisol rises in the morning and falls at night, thyroid signaling
supports steady energy and temperature regulation, and sex hormones support tissue
maintenance and drive. An aged or dysregulated system has weak, mistimed, or noisy signals:
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flattened cortisol rhythms, low thyroid output (or poor conversion/utilization), and sex hormone
patterns that impair body composition, cognition, and quality of life.

This chapter is also where longevity culture becomes either useful or reckless. Hormone
optimization can be life-changing for the right person, and damaging for the wrong person or the
wrong approach. The Longevity Dashboard treats hormones the same way an engineer treats
any control layer: measure first, interpret in context, adjust cautiously, monitor continuously.

15.1 The Metrics

Hormonal Age requires two things: labs and context. Labs without symptoms are noise;
symptoms without labs are guessing. You want both.

Sex hormone domain (men and women).

In men, the core output signal is testosterone—both total and free—plus the binding and
conversion environment. In women, the system is more dynamic and lifecycle-dependent,
requiring attention to cycle timing, perimenopause/menopause stage, and symptom clusters.

Practical lab categories include:

total and free testosterone (method matters), plus SHBG context
estradiol and progesterone (timing-dependent in premenopausal women)
LH/FSH as axis context (especially in menopause transition)

DHEA-S as an adrenal androgen context marker

prolactin (when symptoms or labs suggest it)

Thyroid axis (metabolic throttle).

Thyroid signaling is the metabolic throttle and temperature regulator. It influences energy, mood,
heart rate, Gl motility, lipid handling, and training tolerance.

Common practical markers:
e TSH as a regulatory signal
o free T4 and free T3 as output signals (interpret carefully)

o thyroid antibodies when autoimmune risk is suspected

Reverse T3 is sometimes measured but often overinterpreted—focus on free T3 and symptom
correlation.

Cortisol rhythm and stress chemistry (the emergency overlay).

Cortisol is the emergency management signal. It is useful when acute and destructive when
chronically dysregulated. Chronically elevated or mistimed cortisol worsens sleep, drives central
fat gain, increases appetite dysregulation, impairs insulin sensitivity, and degrades recovery.

Practical proxies include:

o sleep architecture and fragmentation
e morning energy vs evening “wired” patterns
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e HRV and resting heart rate trends
e symptom patterns: irritability, anxiety, midsection gain, poor recovery

Direct cortisol testing is context-dependent and can become overused; the Dashboard
emphasizes functional outputs unless there’s a specific diagnostic need.

IGF-1 (growth signaling context).
IGF-1 is not a “target” by default. It is a context signal tied to nutrition, protein intake, training,

and endocrine state. It belongs here because growth signaling interacts with muscle and
recovery, but it should be interpreted conservatively and in context.

15.2 Leading vs. Lagging Indicators

Hormones can change quickly, but true system shifts still require time and stability.

o Cortisol rhythm and sleep can improve in days to weeks with lifestyle changes.

e Thyroid symptoms and markers can shift over weeks when a true driver is addressed.

e Sex hormone symptom relief can occur over weeks to months when appropriately
treated.

e Body composition changes are months and reflect the downstream effects of signal
correction plus behavior.

Practical rule: don’t judge hormone interventions by a single lab. Judge by trendlines:
symptoms, sleep, body composition, performance, and repeat labs under stable conditions.

15.3 The Levers

Hormonal levers are powerful because they change the control layer. But they also have side
effects and require correct diagnosis.

Lifestyle

Hormonal Age begins with the non-negotiables: stable sleep timing, resistance training,
adequate calories and protein, and reduced chronic stress load. Many “hormone problems” are
actually sleep problems and under-recovery problems.

A common failure mode is the high-stress, low-recovery executive: great labs on paper, but poor
HRYV, poor sleep, and chronically high cortisol tone. That person doesn’t need more stimulants
or more intensity—they need signal timing restored.

Sleep

Sleep is endocrine regulation. Sleep fragmentation worsens insulin sensitivity, raises cortisol,
reduces testosterone, and destabilizes appetite hormones. If you want to improve Hormonal
Age, you protect sleep like you protect a critical system component.

Nutrition
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Hormones respond poorly to chronic crash dieting and chronic underfueling. You can lose fat
while improving hormones, but you must avoid extreme deficits that destroy sleep and training
quality.

Practical nutrition principles:

e protein adequacy

e enough energy to recover from training

o stable meal timing if it improves sleep and hunger control

e micronutrient adequacy (iron, iodine, selenium context—not megadosing)
Exercise

Strength training is a powerful lever for Hormonal Age because it improves body composition
and insulin sensitivity and supports muscle and bone maintenance. Zone 2 training supports
stress resilience and recovery capacity. Excessive high-intensity training layered on poor sleep
is a reliable way to worsen cortisol tone and sex hormone symptoms in many people.

Supplements (supporting, not primary)

Most “testosterone boosters” and “hormone stacks” are low value. The defensible supplement
strategy is to correct deficiencies and support sleep/recovery:

magnesium glycinate if it improves sleep quality
vitamin D if deficient

omega-3s if diet is low

creatine for training support

Anything beyond that should be treated like an experiment with objective outcomes. For
specific products, evidence tiers, dosing ranges, and drug interaction warnings, see Appendix
C.

Biohacks

Biohacks here should be used to improve signal timing and recovery, not to chase numbers:
morning light, evening light control

temperature management to improve sleep

stress downshift protocols (breathwork)
wearables for sleep/HRV trend monitoring

Pharmacology (clinician-supervised actuators)

This is where the chapter has to be disciplined. Hormone therapies can be appropriate and high
impact, but they require clinical screening, risk evaluation, dosing strategy, and monitoring.
Emerging options like selective estrogen receptor modulators or newer thyroid formulations
belong strictly in specialist hands.

Examples include:

o testosterone replacement in appropriately diagnosed men

95



e menopausal hormone therapy in appropriately selected women
o thyroid hormone replacement when indicated
o targeted management of prolactin or other endocrine issues when present

The Dashboard framing: pharmacology is an actuator. Use it when system state warrants it, and
monitor outcomes the way an engineer monitors a critical control component.

15.3.1 Lever Priority Ranking (Highest Expected Impact)

For most people, the sequence that improves Hormonal Age fastest and most reliably is:

1. Sleep stability + circadian control (restores cortisol/GH rhythm, thyroid conversion, and
overall signal timing)

2. Strength training consistency (anabolic signaling, insulin sensitivity, muscle/bone
support)

3. Energy and protein adequacy + body composition management (prevents under-
recovery; reduces visceral fat suppression of sex hormones)

4. Direct stress-load reduction + alcohol discipline (downshift protocols; lowers chronic
cortisol and sleep disruption)

5. Zone 2 aerobic base (stress resilience, metabolic flexibility, recovery capacity)

6. Micronutrient sufficiency (correct deficiencies like vitamin D, zinc, selenium; avoid
megadosing)

7. Clinician-guided hormone therapy when indicated (powerful actuator with mandatory
screening and monitoring)

Start at the top. Most people chase labs or prescriptions and wonder why the signals stay noisy
or symptoms persist.

15.4 Calibrating Your Hormonal Age

Use your available metrics, symptoms, and trends to place yourself in one of three states
relative to a healthy peer of your sex and age. This is your current "Hormonal Dial Age."

Result State Status Action Protocol
Younger / Strong appropriate Clean signals, Maintenance: Sustain
Optimized | libido/drive/energy, excellent | high reserve foundations, monitor trends
sleep/HRV

On-Par/ Moderate symptoms (fatigue, | Noisy/stress- Tuning: Prioritize

Drift low motivation, midsection dominant sleep/stress/training, retest
gain), flattened rhythms labs
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Older/ Persistent low

Mitigation drive/energy/mood issues,
confirmed lab abnormalities

Clinically
significant
dysfunction

Overhaul: Address
fundamentals + clinician-
guided evaluation/therapy

My current Hormonal Dial Age:

Evidence/notes:

(Younger / On-Par / Older)

Target Ranges (directional; sex/age-adjusted where noted—consult guidelines/clinician for
personalization; longevity-focused thresholds)

Metric Younger On-Par (Drift) Older (Mitigation)
(Optimized)

Free Testosterone (men, >15-20 8-15 <8

pg/mL)

TSH (mU/L) 1.0-2.5 2540 >4.0 or <0.5

Free T3 (pg/mL) Upper half of Middle Lower half
reference

HRV/Sleep Proxies High HRYV, efficient Moderate Low HRYV, fragmented
sleep sleep

Symptom Proxies Strong drive/energy | Occasional Persistent low

lability drive/fatigue

Minimum viable: Score with symptom log (energy, libido, mood) + HRV/sleep tracker if labs
unavailable—labs add precision when obtained.

15.5 Common Denominators & Crosstalk

Hormonal Age touches every dial:

o Metabolic Age: hormones influence insulin sensitivity and fuel partitioning.
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Structural & Mechanical Age: hormones influence muscle retention, bone density, and
recovery.

Cognitive Age: hormones influence mood, sleep, and motivation.

Inflammatory Age: cortisol dysregulation and poor sleep worsen inflammation.
Vascular Age: thyroid and sex hormones influence vascular tone and lipid handling
indirectly.

If signals are weak or mistimed, everything downstream is harder.

15.6 Minimum Viable Protocol (8—12 weeks)

RN =

Stabilize sleep and circadian timing (fixed wake time, light discipline).

Strength train consistently; add Zone 2 base.

Ensure protein adequacy and enough calories to recover.

Add a direct downshift protocol for chronic stress.

Get baseline labs (clinician-guided selection) and recheck trends at 8—12 weeks if
needed.

Success looks like improved sleep, energy, mood, training tolerance, and body composition
direction—supported by labs, not driven by them.

15.7 Advanced Optimization Protocol

Add deeper endocrine testing when clinically justified (cycle-timed labs, antibody
evaluation, etc.).

Tighten metabolic control and inflammatory load because they distort endocrine signals.
Consider clinician-guided hormone therapy when indicated, with clear goals and
monitoring cadence.

Avoid self-experimentation with prescription hormones: the downside risk is real.

Bottom line: Hormonal Age is signal integrity. Stabilize sleep and recovery, train consistently,
fuel the system, reduce chronic stress load, and only then consider clinical actuators when
warranted. Clean signals make every other dial easier to control.

Key Supporting Studies

This chapter draws on established evidence from major trials, cohorts, and meta-analyses (full
references in Appendix H):

Sleep and testosterone (Leproult & Van Cauter, 2011: Short sleep reduces testosterone
in young men).

Strength training and anabolic hormones (meta-analyses, e.g., Kraemer & Ratamess
reviews).

Cortisol dysregulation and metabolic effects (chronic stress meta-analyses).

TRT in hypogonadism (guidelines and trials, e.g., Bhasin et al.).

Thyroid replacement outcomes (when indicated, per endocrine society guidelines).

These represent consensus-level evidence guiding the dial's design and levers.
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Part [l — Integration

Chapter 16. The Common Denominators: The Few Levers That Move
Almost Everything

You've now seen the eight dials in detail. Each has its own metrics, leading indicators, and
specific interventions. But if you look across all of them, a pattern emerges: the same handful of
inputs keep showing up as high-leverage movers.

This is the 80/20 reality of longevity engineering. You don’t need dozens of habits, supplements,
or protocols to shift the dashboard meaningfully. You need mastery of a small set of common
denominators—the levers that influence multiple dials simultaneously, often with compounding
effects.

These are not exotic discoveries. They are foundational inputs that modern life tends to disrupt:
sleep, training, movement, body composition, stress chemistry, and food structure. When
they’re stable, the dials tend to calibrate themselves. When they’re unstable, even perfect dial-
specific tweaks produce limited or transient gains.

The seven master levers, ranked roughly by breadth of impact across the dashboard:

Sleep & Circadian Stability

Strength Training Consistency

Zone 2 Aerobic Base

Visceral Fat Reduction / Body Composition Management

Direct Stress Load Reduction

Nutrition Foundations (protein adequacy, fiber-forward, stable inputs, alcohol discipline)
Daily Movement Volume + Post-Meal Walks

NoakwN =

Below, each lever is described with:

e The dials it most reliably moves
e The primary mechanisms (brief and evidence-based)
¢ Minimum viable implementation

e Expected timeline for detectable signal

16.1 Sleep & Circadian Stability

Dials moved: All eight—most powerfully Hormonal, Cognitive, Inflammatory, Vascular, and
Metabolic.

Mechanisms: Sleep restores autonomic balance, lowers sympathetic tone, regulates cortisol
and growth hormone pulses, improves insulin sensitivity, reduces systemic inflammation,
supports endothelial repair, and consolidates cognitive resilience. Poor or irregular sleep is the
single fastest way to add noise across the entire dashboard.
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Minimum viable implementation: Fixed wake time (£30 min, even weekends), protected sleep
window (aim 7-9 hours), caffeine cutoff by early afternoon, minimal late blue light/alcohol.

Timeline: Improvements in HRV, resting heart rate, morning energy, and glucose patterns often
visible in 1-2 weeks; inflammatory markers and hormonal signaling in 4—8 weeks.

16.2 Strength Training Consistency

Dials moved: Structural & Mechanical (primary), Metabolic, Hormonal, Inflammatory, Organ
Age, Cognitive (indirectly via resilience).

Mechanisms: Muscle is a metabolic sink, anabolic signal generator, and inflammatory buffer.
Progressive resistance training expands glucose disposal capacity, supports sex hormone and
thyroid signaling, preserves bone density, reduces visceral fat, and improves recovery capacity.

Minimum viable implementation: 2—4 full-body sessions per week, progressive overload on
major patterns (squat/hinge, push, pull, carry). Start light, prioritize form and recovery.

Timeline: Strength gains and training tolerance in weeks; body composition and insulin
sensitivity shifts in 8—12 weeks; bone and hormonal support over months.

16.3 Zone 2 Aerobic Base

Dials moved: Vascular, Structural & Mechanical, Metabolic, Inflammatory, Cognitive, Hormonal.

Mechanisms: Sustained moderate-intensity cardio creates laminar shear stress (endothelial
health), builds mitochondrial density and metabolic flexibility, improves VO, max and recovery
capacity, lowers resting sympathetic tone, and supports mood resilience.

Minimum viable implementation: 2—4 sessions per week, 30—60 minutes at “conversational
but brisk” pace (nose breathing possible, heart rate ~60—70% max).

Timeline: Improved recovery and energy in weeks; VO, max and endothelial proxies in 8—12
weeks; broader anti-inflammatory effects in months.

16.4 Visceral Fat Reduction / Body Composition Management

Dials moved: Metabolic (primary), Inflammatory, Hormonal, Atherogenic Age, Organ Age,
Vascular.

Mechanisms: Visceral adipose tissue is an active inflammatory and endocrine organ that drives
insulin resistance, elevates cytokines, suppresses sex hormones, and increases
mechanical/particle retention stress. Reducing it unloads multiple systems.

Minimum viable implementation: Sustainable energy balance (mild deficit if waist-to-height
>0.5), combined with strength training and protein priority to preserve muscle. Track waist-to-
height ratio.

Timeline: Waist trends down in 8—12 weeks with consistency; metabolic and inflammatory
markers follow in 12—24 weeks.
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16.5 Direct Stress Load Reduction

Dials moved: Hormonal (cortisol primary), Cognitive, Inflammatory, Vascular, Organ Age.
Mechanisms: Chronic perceived stress elevates allostatic load, flattens cortisol rhythm,
increases sympathetic drive, worsens sleep, and amplifies inflammation. Downshifting reduces
this overlay noise.

Minimum viable implementation: Daily short protocol (breathwork, meditation, or deliberate
decompression 5—-15 min), plus environmental design (notification control, boundary setting).

Timeline: HRV and mood improvements in days to weeks; broader dial effects in 4-8 weeks
when combined with sleep.

16.6 Nutrition Foundations

Dials moved: Metabolic, Inflammatory, Hormonal, Atherogenic Age, Organ Age.

Mechanisms: Stable, nutrient-dense inputs reduce glucose volatility, support gut integrity, lower
inflammatory load, provide building blocks for repair, and prevent endocrine disruption from
extremes.

Minimum viable implementation: Protein-first meals (aim ~1.6—-2.2 g/kg), fiber-forward whole
foods, reduce ultra-processed density, alcohol timing/frequency discipline. No extremism
required.

Timeline: Glucose stability and energy in weeks; lipid/inflammatory trends in 8—12 weeks.
16.7 Daily Movement Volume + Post-Meal Walks

Dials moved: Vascular, Metabolic, Inflammatory, Structural & Mechanical, Cognitive.
Mechanisms: Non-exercise activity (steps) and short post-meal walks improve insulin
sensitivity, endothelial function, glucose disposal, and reduce sedentary-induced inflammation
with minimal recovery cost.

Minimum viable implementation: 7—10k steps baseline + 10—15 min walk after most meals.

Timeline: Post-meal glucose and energy stability in days; cumulative vascular/metabolic
benefits in weeks.

Why These Seven—and Why This Order?

The ranking reflects breadth (how many dials) and dependency (earlier levers enable later
ones). Sleep is #1 because instability there sabotages everything else. Strength and Zone 2
follow because they build reserve that buffers stress and metabolic load. The lower levers
amplify and sustain gains.
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Common Failure Modes

Inconsistency: Starting strong, then drifting—prevents adaptation.
Overlayering: Adding Zone 2 or stress tools before sleep is stable.
Perfectionism: Waiting for ideal conditions instead of minimum viable.
Ignoring recovery: Pushing intensity without monitoring HRV/sleep.

Engineering Takeaway

Master these seven first. They will shift multiple dials with less effort than dial-specific tinkering.
Once they're stable (typically 12—24 weeks of consistency), the dashboard becomes far easier
to fine-tune. The next chapters will show how to layer them without conflicts, cycle them for
sustained progress, and prioritize when time or recovery is limited.

Chapter 17. Conflicts and Tradeoffs: When Improving One Dial Hurts
Another

The common denominators in the previous chapter are powerful because they usually
compound positively: better sleep improves recovery for training, strength training enhances
metabolic control, Zone 2 supports vascular health, and so on. In a perfect world with unlimited
recovery capacity, time, and discipline, you’d pull all seven levers hard and watch the entire
dashboard calibrate upward.

But this isn’t a perfect world. You have finite recovery resources, limited hours in the day,
genetic constraints, life stress, and individual response variability. Under those constraints,
tradeoffs emerge. Improving one dial—or pushing one lever too aggressively—can temporarily
(or persistently) degrade another.

This is not a design flaw in the human machine. It's an engineering reality: systems have
budgets. The goal isn’t to eliminate tradeoffs; it's to detect them early, minimize unnecessary
ones, and make conscious choices when they’re unavoidable.

Engineers don’t panic over tradeoffs. They map them, monitor outputs, and adjust inputs. You'll
do the same using your dashboard trends (metrics, symptoms, HRV/sleep data) as feedback.

17.1 Common Tradeoff Patterns

Here are the most frequent conflicts seen in real-world dashboards, grouped by theme.

1. Training Intensity vs. Recovery Capacity

Pattern: Aggressive strength + Zone 2 + intervals (or added high-intensity) improves Structural
& Mechanical and Metabolic dials but disrupts sleep, elevates cortisol, and increases

inflammatory noise.

Affected dials: Gains in Structural & Mechanical and Vascular; potential regression in
Hormonal, Inflammatory, Cognitive, and Organ Age.

102



Detection signals: Stalled strength progress, worsening HRV/sleep scores, new aches,
irritability, or elevated hs-CRP.

Resolution strategies:

Deload or reduce volume/intensity first—recovery is the bottleneck.

Prioritize sleep levers aggressively.

Sequence: Build one modality (e.g., strength base) before layering aerobic volume.
Archetype example: The “Strong-but-Low VO,max Person” who adds too much Zone 2
too fast.

2. Calorie Deficit vs. Adaptation and Signal Integrity

Pattern: Sustained deficit for visceral fat reduction shifts Metabolic and Inflammatory dials
positively but risks Hormonal disruption (lower testosterone/thyroid signaling), reduced training
tolerance, and poorer recovery if too aggressive.

Affected dials: Gains in Metabolic, Inflammatory, Atherogenic Age; potential drag on Hormonal,
Structural & Mechanical, Cognitive.

Detection signals: Loss of libido/motivation, flattened morning energy, stalled lifts, or
worsening sleep despite stability.

Resolution strategies:

o Mild deficit only (250-500 kcal); prioritize protein (>2g/kg) and strength training to
preserve muscle.

e Cycle deficits (e.g., 8—12 weeks on, maintenance phases).

e Monitor waist-to-height alongside symptoms—stop if Hormonal or Cognitive dials
regress.

¢ Archetype example: The “Lean-but-Insulin-Resistant Person” who crashes too hard.

3. Stress Reduction vs. Perceived Performance Edge
Pattern: High performers resist downshift protocols (breathwork, boundaries) because they feel
it blunts drive, but chronic sympathetic tone worsens Hormonal (cortisol), Cognitive (fog), and

Inflammatory dials.

Affected dials: Gains in Hormonal, Cognitive, Inflammatory; perceived loss in
motivation/productivity.

Detection signals: Good labs but persistent fatigue, poor HRV, or reliance on stimulants.
Resolution strategies:
e Frame downshifting as recovery optimization, not weakness—data shows it sustains
higher output long-term.
e Start minimal (5—10 min daily) and track performance metrics.

e Archetype example: The “Burned-Out High Performer” or “High-Stress/Low-Recovery
Executive.”
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4. Alcohol Moderation vs. Social/Lifestyle Habits

Pattern: Reducing frequency/timing improves sleep, inflammation, and liver/organ reserve but
conflicts with social norms or relaxation rituals.

Affected dials: Gains in Inflammatory, Organ Age, Hormonal, Cognitive; social friction.
Detection signals: Better metrics but resistance to change.
Resolution strategies:

o Experiment with alternatives (non-alcoholic options, earlier timing).

o Use data: track hs-CRP or GGT pre/post change.

e Compromise: Strict weekdays, moderated weekends.

5. Time and Recovery Budget Constraints

Pattern: Limited hours force choices—e.g., more strength sessions mean less Zone 2, or stress
protocols crowd out movement.

Affected dials: Varies by choice—e.g., skipping Zone 2 slows Vascular gains.

Detection signals: One dial improves rapidly, others stall.

Resolution strategies:
o Use the Leverage Ladder (next chapter) for prioritization.
o Combine levers (e.g., walk while downshifting, strength + Zone 2 in same session).
e Accept seasonal phasing: focus periods on 3—4 levers.

6. Genetic or Individual Response Limits

Pattern: Some people respond modestly to certain levers (e.g., limited ApoB drop from diet, or
minimal testosterone boost from training).

Affected dials: Specific—e.g., Atherogenic Age resistant to lifestyle alone.
Detection signals: Consistent effort, no metric shift after 12—24 weeks.
Resolution strategies:

o Escalate appropriately (e.g., clinician-guided actuators).
e Double down on responsive levers.

Engineering Principles for Managing Tradeoffs

1. Monitor the dashboard, not ideology: Let metrics and symptoms vote. If a lever helps
three dials but hurts one critically, adjust or sequence.

2. Favor reversible experiments: Test changes for 4—8 weeks, retest key markers.

3. Recovery is the master budget: When in doubt, protect sleep and deload—most
tradeoffs trace back to recovery debt.

4. Use the 12-Week Cycle (next chapter) to test combinations safely.
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Tradeoffs don’t mean the system is broken. They mean you’re operating near your current
capacity ceiling—which is exactly where meaningful adaptation happens. Detect them early,
adjust inputs, and the dashboard will still trend upward over time.

The next chapter shows how to structure deliberate cycles to minimize unnecessary conflicts
and maximize sustained progress.

Chapter 18. The 12-Week Engineering Cycle: Measure - Intervene -
Retest

The Longevity Dashboard is not a static snapshot. It's a control system designed for iteration.
Engineering progress comes from closed-loop feedback: measure the current state, apply
targeted inputs, observe the outputs, and adjust.

The 12-week cycle is the core operating rhythm. It's long enough for meaningful biological
adaptation—shifts in body composition, hormonal signaling, inflammatory tone, vascular
function, and strength—yet short enough to maintain focus, detect tradeoffs early, and sustain
motivation. Run it repeatedly, refining each time based on your data.

Think of it as your quarterly calibration. Most people drift because they never close the loop.

This cycle forces objectivity: no more guessing whether something “works”—the dashboard tells
you.

18.1 The Three Phases

Phase 1: Measure (Week 0 — Establish Baseline)
Start with data, not enthusiasm.

e Use the Minimum Viable Dashboard (Chapter 25): accessible, high-signal metrics you
can repeat at home or with basic labs. Examples: home BP trend, fasting
insulin/glucose/HbA1c, hs-CRP (if available), waist-to-height ratio, grip strength/single-
leg balance time, VO, max estimate, HRV/sleep trends, simple cognitive battery.

e Score each dial’'s current state (Younger / On-Par / Older) using the Calibration sections
from Chapters 7-14.

¢ Log subjective baselines: daily energy pattern, mood stability, training tolerance,
recovery quality, libido/drive.

e Optional deeper audits: full labs, DEXA, CAC, or epigenetic clock for context.

Time investment: 1-2 days + basic labs. Cost: low to moderate.

Goal: A clear picture of your starting composite—e.g., “3 Younger, 4 On-Par, 1 Older.”
Phase 2: Intervene (Weeks 1-12)

Apply focused inputs, not everything at once.

e Select 3-5 levers: Prioritize from the Common Denominators (Chapter 15) + 1-2 dial-
specific from your Older dials. Use the Leverage Ladder (Chapter 18) for sequencing.
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e Aim for 80-90% consistency—perfection is the enemy.

e Track weekly steering signals: sleep score, HRV, resting heart rate, waist measure,
training performance, mood/energy log.

o Weekly review (5—10 min): Any emerging tradeoffs? (Chapter 16 signals like worsening
sleep or stalled recovery — adjust immediately.)

Sample Beginner Cycle (e.g., “Normal Labs, High Risk” Archetype):

Sleep stability (fixed wake time + protected window)
Strength training (3x/week full-body progressive)
Nutrition foundations (protein priority + post-meal walks)
Daily movement volume (steps baseline)

Sample Intermediate Cycle (e.g., “Fit-but-Inflamed” Archetype):

e Add Zone 2 aerobic base
o Visceral fat focus (mild deficit + fiber upgrade)
o Direct stress reduction (daily downshift protocol)

Monitor for overload: If recovery metrics decline, deload or drop one lever.
Phase 3: Retest (Week 12 — Close the Loop)
Repeat your baseline measurements under similar conditions.

e Compare: Which dials shifted? (e.g., Vascular from On-Par — Younger via BP trend
drop)

e Quantify wins: Waist down 1.5 inches, hs-CRP halved, strength +20%, HRV up.

o Identify stalls or regressions: Use Common Failure Modes (Chapter 30) and Tradeoffs
(Chapter 16).

¢ Update composite state count.

Time investment: Same as baseline.

18.2 Cycle Decision Rules

e Clear progress (composite improves, no major tradeoffs): Advance—add 1-2 new
levers next cycle.

o Mixed/stall (some gains, others flat): Diagnose (sleep debt? inconsistency?), simplify,
repeat similar cycle.

o Regression or red flags (Chapter 31): Pause experimentation, seek clinician input.

Cadence recommendations:
e Beginners: 3—4 cycles per year (focus on foundations).

¢ Intermediate/Aficionado: Quarterly or every 8—12 weeks.
o Audit additions: Add deeper tests (e.g., repeat labs, imaging) every 2—4 cycles.
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18.3 Tools to Support the Cycle

e Simple tracker: Notebook, spreadsheet, or app—Ilog weekly metrics + dial states.
e Visual: One-page dashboard template (front of book) with states and trends.
e Mindset: This is engineering, not a challenge. Data over feelings.

18.4 Real-World Example Cycles

Cycle 1 — “Burned-Out High Performer”

Baseline: Hormonal/Cognitive Older (poor HRV, low motivation).

Intervene: Sleep + stress downshift + Zone 2.

Retest: HRV +30%, mood stable, energy sustained — both dials to On-Par.

Cycle 2 — “High ApoB Person”

Baseline: Atherogenic Age Older.

Intervene: Visceral fat reduction + nutrition upgrade + clinician consult.

Retest: ApoB down 20%, waist improved — shift to On-Par.

The 12-week cycle compounds. Each one builds data confidence, refines your personal

protocol, and turns the dashboard into a self-tuning system. The next chapter gives you the
Leverage Ladder to decide exactly which levers to pull first when resources are limited.

Chapter 19. The Leverage Ladder: What to Do First (Highest ROI, Lowest
Risk

You now have the dashboard diagnostics, the common denominators, the awareness of
tradeoffs, and the 12-week cycle structure. The remaining question is simple: when time,
energy, recovery capacity, or motivation is limited—which levers do you pull first?

Not everyone can (or should) attack all seven common denominators at maximum intensity from
day one. The Leverage Ladder ranks them by expected return on investment relative to risk and
effort. It's a hierarchy designed for real life: start at the bottom rung (foundational, near-zero risk,
broad impact) and climb only when the lower rungs are stable.

The ladder is not rigid dogma. It's a default sequence based on breadth of dial impact, speed of
feedback, and low downside. Personalize it based on your worst dials (e.g., if Hormonal or

Cognitive is Older, accelerate stress reduction). The goal is sustainable progress, not heroic
overload.

19.1 The Leverage Ladder

Rung 1: Non-Negotiable Foundations
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(Highest ROI, lowest risk/effort—do these first, always)

Sleep & Circadian Stability Why first: Instability here sabotages every other lever and
dial. No amount of training or nutrition overcomes chronic sleep debt. Impact: Moves all
8 dials, especially Hormonal, Cognitive, Inflammatory, Vascular. Minimum viable: Fixed
wake time (£30 min), protected sleep window, caffeine/alcohol timing discipline.
Expected feedback: 14 weeks (better energy, HRV, recovery).

Daily Movement Volume Why here: Zero equipment, minimal recovery cost, immediate
metabolic/vascular benefits. Impact: Vascular, Metabolic, Inflammatory, Structural &
Mechanical. Minimum viable: 7-10k steps/day + break sedentary bouts. Expected
feedback: Days to weeks (better glucose, energy stability).

Rung 2: Core Builders

(Add when Rung 1 is ~80% consistent—big reserve gains)

Strength Training Consistency Why here: Primary actuator for muscle (glucose sink,
anabolic signaling), bone loading, and metabolic resilience. Impact: Structural &
Mechanical (primary), Metabolic, Hormonal, Inflammatory. Minimum viable: 2—-3 full-body
sessions/week, progressive overload on major patterns. Expected feedback: 4—12
weeks (strength gains, body comp shift).

Nutrition Foundations Why here: Fuels the above and prevents volatility without
complexity. Impact: Metabolic, Inflammatory, Hormonal, Organ Age. Minimum viable:
Protein priority (~1.6—2.2g/kg), fiber-forward whole foods, reduce ultra-processed
density, alcohol discipline. Expected feedback: 4—8 weeks (stable energy, reduced
cravings).

Rung 3: Amplifiers

(Add when Rung 2 is stable—multiplies gains)

Zone 2 Aerobic Base Why here: Builds engine capacity and recovery resilience once
strength and fueling are solid. Impact: Vascular, Structural & Mechanical, Metabolic,
Cognitive. Minimum viable: 2—3 sessions/week, 30—60 min conversational pace.
Expected feedback: 8—12 weeks (better VO, tolerance, recovery).

Direct Stress Load Reduction Why here: Powerful but requires baseline stability (poor
sleep makes downshifting harder). Impact: Hormonal, Cognitive, Inflammatory, Vascular.
Minimum viable: 5—15 min daily protocol (breathwork, decompression routine). Expected
feedback: 2—6 weeks (HRV/mood improvement).

Rung 4: Fine-Tuning & Advanced

(Add for optimization or specific dial mitigation—higher effort/context)

Body Composition Deep Dive / Visceral Fat Focus Why last: Requires all above for
sustainability (aggressive deficit without foundations risks tradeoffs). Impact: Metabolic,
Inflammatory, Hormonal, Atherogenic Age. Minimum viable: Track waist-to-height, mild
sustainable deficit if elevated.

Targeted Supplements, Biohacks, Audits, Pharmacology Why here: Supportive
only—never compensate for unstable foundations. Impact: Dial-specific (e.g., creatine
for Structural, clinician-guided for Hormonal/Atherosclerotic).
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19.2 Personalizing the Ladder

e Worst dial priority: If Inflammatory or Hormonal is Older, pull stress reduction earlier. If
Structural is Older, accelerate strength.

o Life phase: Beginners/post-illness—stay on Rungs 1-2 for months. Advanced—cycle
Rung 3—4 seasonally.

o Detection: Use your 12-week cycle retest—if lower rungs aren't moving the needle,
diagnose (sleep debt? inconsistency?).

19.3 Engineering Takeaway

Climb deliberately. Most sustained progress comes from mastering the bottom two rungs for 3—
6 months before adding more. Heroic full-stack attempts usually end in tradeoffs and
regression. The ladder minimizes waste and maximizes compounding.

Next, we’ll show how to stack these into personalized protocols and walk through real-world
archetypes.

Chapter 20. System Design: Building Your Personal Protocol Stack

You’ve diagnosed your dashboard, identified the common denominators, understood tradeoffs,
and learned the 12-week cycle and Leverage Ladder. Now it's time to assemble the pieces into
a coherent, sustainable protocol that fits your life.

No one protocol works for everyone. Capacity, goals, starting point, and constraints vary.
Instead of a single “perfect plan,” the Longevity Dashboard offers three stacked levels:

o Beginner: Rebuild foundations—targeted at readers with multiple On-Par or Older dials,
low consistency history, or recovering from burnout/injury.

¢ Intermediate: Performance + risk reduction—targeted at readers with mostly On-Par
dials and solid foundations.

o Aficionado: Optimization—targeted at readers with mostly Younger dials seeking
marginal gains and deeper audits.

Each level builds on the Leverage Ladder: start low, add as capacity allows. The stacks are
minimum effective doses—80% of the benefit from 20% of the complexity.

20.1 Beginner Level: Baseline Health Rebuild

Target reader: Multiple Older dials, inconsistent habits, high stress, or starting from
sedentary/overwhelmed. Goal: Stabilize the system and shift 2—4 dials to On-Par.

Core stack (Rungs 1-2 of Leverage Ladder):

Sleep & circadian stability

Daily movement volume

Strength training consistency (2x/week minimum)

Nutrition foundations (protein priority + reduce ultra-processed)
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Sample weekly template:

Sleep: Fixed wake time, 7-9hr window, no caffeine after noon, minimal late alcohol.
Movement: 7—10k steps/day + post-meal walks.

Strength: 2 full-body sessions (45—60 min): squat/hinge, push, pull, carry.

Nutrition: Protein-first meals (~1.6g/kg), fiber-forward, one “clean” eating day focus if
needed.

Time commitment: 3-5 hours/week structured + lifestyle habits.

Expected 12-week outcomes: Better sleep/HRV, improved energy/mood, initial strength gains,
reduced volatility (Metabolic/Cognitive shift), lower BP trend (Vascular).

When to graduate: Foundations ~80% consistent, at least 2 dials improved, recovery feels
sustainable. Move to Intermediate.

20.2 Intermediate Level: Performance + Risk Reduction

Target reader: Foundations stable, mostly On-Par dials, decent consistency. Goal: Shift
remaining On-Par to Younger, reduce long-horizon risk.

Core stack (adds Rung 3):

All Beginner +

Zone 2 aerobic base

Direct stress reduction

Body composition focus if waist-to-height elevated

Sample weekly template:

Sleep/Movement/Nutrition: Maintain Beginner habits.

Strength: 3—4 sessions/week, progressive.

Zone 2: 2-3 sessions/week, 45-60 min.

Stress reduction: 10—15 min daily downshift (breathwork/meditation).
Body comp: Mild energy tracking if needed, prioritize protein/fiber.

Time commitment: 6-9 hours/week structured + habits.

Expected 12-week outcomes: Noticeable VO,/resilience gains, lower inflammatory markers,
better hormonal signaling, reduced visceral fat (multiple dials to Younger).

When to graduate: Most dials Younger/On-Par, strong recovery, ready for audits or marginal
tweaks. Move to Aficionado.

20.3 Aficionado Level: Optimization

Target reader: Mostly Younger dials, high consistency, good data history. Goal: Marginal gains,
deeper personalization, periodic advanced audits.

Core stack (full ladder + dial-specific):
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e All Intermediate +

e Fine-tuning (e.g., periodized training, targeted supplements, clinician
audits/pharmacology if indicated)

o Dial-specific levers from Older dials (if any remain)

Sample weekly template:

All prior: Locked in.

Training: 4 strength + 3—4 Zone 2, plus intervals/power work as tolerated.
Recovery: Advanced monitoring (HRV-guided deloads, sauna if positive).
Audits: Quarterly deeper labs/imaging, epigenetic clock as hybrid audit.

Time commitment: 8—12+ hours/week structured + optimized lifestyle.

Expected 12-week outcomes: Refined dashboard (all Younger where possible), sustained
high performance, minimized residual risk.

Maintenance note: Cycle intensity—avoid perpetual max effort.

20.4 Personalization Guide

e Worst dial override: If one dial is significantly Older (e.g., Atherogenic Age), pull its
high-ROl levers earlier (e.g., clinician consult).

« Time constraints: Cut volume, not frequency (e.g., 2 strength > 4 inconsistent).

o Life phase: Post-illness/pregnancy/burnout — revert to Beginner temporarily.

e Tracking: Use your 12-week cycle—adjust stack based on retest data.

20.5 Engineering Takeaway

Your protocol is a living design: start where you are, build upward, iterate with data. The stacks
above cover 90% of readers. The next chapter walks through real archetypes to see them in
action.

These protocols, combined with the cycle and ladder, turn the dashboard into a self-optimizing
system. No guesswork—just measured, sustainable progress.

Chapter 21. Case Studies: Archetypes and Real-World Dashboards

The Longevity Dashboard comes alive when applied to real people. The archetypes below are
composites drawn from common patterns—patients, clients, and community members who’ve
used this framework. Each includes:

o Profile and baseline dashboard (dial states + key metrics)
e Priority levers and 12-week protocol
e QOutcomes and lessons

These are not rare extremes; they’re the people you know (or might be). Use them to recognize
yourself and see how the system works in practice.
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21.1 The “Normal Labs, High Risk” Person

Profile: 48-year-old office worker, “healthy” by standard checkups, mildly overweight, sedentary
outside occasional weekend activity. Complains of low energy but “nothing wrong” on basic
labs.

Baseline Dashboard:

Vascular: On-Par (BP 128/82 trend)

Metabolic: On-Par (fasting insulin 12, HbA1c 5.5%)
Atherogenic Age: Older (ApoB 115, Lp(a) normal, CAC 80)
Inflammatory: On-Par (hs-CRP 1.8)

Organ Age: On-Par (eGFR 85, mild ALT elevation)
Cognitive: On-Par (occasional fog)

Structural & Mechanical: Older (low grip, VO, est. ~28)
Hormonal: On-Par (borderline low free T)

Priority levers: Sleep, daily movement, strength training, nutrition foundations.

12-Week Protocol: Fixed wake time + 8hr sleep, 8k steps + post-meal walks, 3x full-body
strength, protein 1.8g/kg + fiber upgrade.

Outcomes: BP trend 118/76, grip +20%, VO, est. +15%, waist —2in, energy stable. Atherogenic
Age to On-Par (ApoB 98 retest), Structural to On-Par. Composite shift: 3 Older — 1 Older.

Lessons: “Normal” labs hide mechanical and particle risk. Foundations alone moved multiple
dials without pharmacology.

21.2 The Fit-but-Inflamed Person

Profile: 42-year-old avid gym-goer, lean, high-intensity training, but persistent aches, poor
recovery, and “always something.”

Baseline Dashboard:

Vascular: Younger

Metabolic: Younger

Atherogenic Age: On-Par

Inflammatory: Older (hs-CRP 4.2, frequent aches)
Organ Age: On-Par

Cognitive: On-Par

Structural & Mechanical: Younger (strong, good VO,)
Hormonal: On-Par (borderline cortisol)

Priority levers: Sleep, training dose correction, nutrition upgrade, visceral fat check (hidden).

12-Week Protocol: Sleep protection, reduce intensity (more Zone 2/strength, less HIIT),
fiber/alcohol cut, daily downshift.
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Outcomes: hs-CRP 1.1, aches resolved, recovery strong. Inflammatory to Younger,
Hormonal/Cognitive improved indirectly.

Lessons: Fitness doesn’t equal low inflammation. Overreaching + poor sleep is a common
hidden driver.

21.3 The Lean-but-Insulin-Resistant Person

Profile: 35-year-old “skinny-fat,” low body weight but high visceral fat, low muscle, carbs spike
energy crashes.

Baseline Dashboard:

Vascular: On-Par

Metabolic: Older (fasting insulin 18, HOMA-IR 3.2)
Atherogenic Age: On-Par

Inflammatory: On-Par

Organ Age: On-Par

Cognitive: On-Par (post-meal fog)

Structural & Mechanical: Older (low muscle/strength)
Hormonal: On-Par

Priority levers: Strength training, protein + post-meal walks, sleep, nutrition structure.
12-Week Protocol: 3x strength, protein-first meals, 10-min post-meal walks, fixed sleep.

Outcomes: Insulin 9, HOMA-IR 1.4, muscle + visible, energy stable. Metabolic to On-Par,
Structural improved.

Lessons: Lean doesn’t mean metabolically healthy. Muscle is the cure for insulin resistance in
this archetype.

21.3 The High ApoB / High Lp(a) Person

Profile: 55-year-old with family history of early heart disease, “normal” cholesterol but detailed
labs reveal risk.

Baseline Dashboard:

Vascular: On-Par

Metabolic: Younger

Atherogenic Age: Older (ApoB 140, Lp(a) 220 nmol/L, CAC 150)
Inflammatory: Younger

Organ Age: Younger

Cognitive: Younger

Structural & Mechanical: On-Par

Hormonal: Younger

Priority levers: Measurement + clinician consult first, then metabolic inputs, nutrition
optimization.
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12-Week Protocol: Labs + cardiologist discussion (started low-dose statin), sleep,
strength/Zone 2, fiber/saturated fat adjustment.

Outcomes: ApoB 95, clinician-guided plan, CAC context accepted as audit. Atherogenic Age to
On-Par (stabilized).

Lessons: Lifestyle has limits with high Lp(a)/ApoB. Early measurement + appropriate actuators
prevent silent drift.

21.4 The Strong-but-Low VO,max Person

Profile: 40-year-old lifter, impressive strength but gets winded easily, low endurance.
Baseline Dashboard:

Vascular: On-Par

Metabolic: Younger

Atherogenic Age: Younger

Inflammatory: Younger

Organ Age: Younger

Cognitive: Younger

Structural & Mechanical: Younger (strength high, VO, ~30)
Hormonal: Younger

Priority levers: Zone 2 base, sleep (recovery for new training), daily movement.
12-Week Protocol: Add 3x Zone 2, maintain strength, sleep protection.
Outcomes: VO, est. +25%, better recovery, Vascular improved indirectly.

Lessons: Strength and aerobic capacity are complementary—engine capacity amplifies
everything.

21.5 The Burned-Out High Performer

Profile: 45-year-old executive, optimized on paper but chronically wired/tired, poor sleep.
Baseline Dashboard:

Vascular: On-Par

Metabolic: On-Par

Atherogenic Age: On-Par
Inflammatory: Older

Organ Age: On-Par

Cognitive: Older (fog, irritability)
Structural & Mechanical: On-Par
Hormonal: Older (cortisol dominant)

Priority levers: Sleep, stress reduction, Zone 2.
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12-Week Protocol: Fixed sleep, daily downshift, Zone 2 walks.
Outcomes: HRV doubled, mood stable, inflammation down. Multiple dials to Younger.

Lessons: High achievement often masks recovery debt—fix sleep/stress before adding more.

21.6 The High-Stress/Low-Recovery Executive

Profile: 52-year-old leader, “great labs” but terrible HRV, running on adrenaline, midsection
gain.

Baseline Dashboard:

Vascular: On-Par

Metabolic: On-Par

Atherogenic Age: On-Par

Inflammatory: On-Par

Organ Age: On-Par

Cognitive: Older

Structural & Mechanical: On-Par

Hormonal: Older (cortisol high, low recovery)

Priority levers: Sleep, stress reduction, Zone 2.
12-Week Protocol: Sleep protection, breathwork, low-intensity movement.

Outcomes: HRV improved, cortisol rhythm restored, waist down. Hormonal/Cognitive to On-
Par.

Lessons: Good labs don’t mean good recovery—autonomic balance is the hidden dial.

21.7 The Menopause / Andropause Pivot Point

Profile: 50-year-old (woman or man) in hormonal transition, symptoms emerging despite decent
habits.

Baseline Dashboard:

Vascular: On-Par

Metabolic: On-Par

Atherogenic Age: On-Par

Inflammatory: On-Par

Organ Age: On-Par

Cognitive: On-Par (mood swings)

Structural & Mechanical: Drift (muscle/bone loss starting)
Hormonal: Older (symptoms dominant)

Priority levers: Strength training, sleep, protein, stress reduction, clinician consult.
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12-Week Protocol: Strength focus, sleep protection, protein 2g/kg, downshift + HRT
discussion.

Outcomes: Symptoms reduced, muscle preserved, mood stable. Hormonal to On-Par (with
therapy if chosen).

Lessons: Transitions are windows—strength + recovery + clinical support preserve reserve.

21.8 The “Everything’s Good Except Sleep” Person

Profile: 38-year-old with solid training/nutrition but inconsistent sleep, feels “off.”
Baseline Dashboard:

Vascular: On-Par

Metabolic: On-Par

Atherogenic Age: Younger
Inflammatory: On-Par

Organ Age: Younger

Cognitive: On-Par

Structural & Mechanical: Younger
Hormonal: On-Par (but noisy)

Priority levers: Sleep stability first.

12-Week Protocol: Fixed wake time, protected window, caffeine/alcohol timing.
Outcomes: All dials shifted positively—HRYV up, recovery better, subtle gains everywhere.
Lessons: Sleep is the master switch. Fix it, and the rest amplifies.

These archetypes show the dashboard in action: diagnose, prioritize, intervene, retest. Your

case is unique, but it will resemble one or more. The next chapters give tools to implement and
sustain.
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Part IV — Clocks

Chapter 22. What Epigenetic Clocks Actually Measure

Epigenetic clocks are the darling of modern longevity marketing. Companies sell expensive
tests promising a single “biological age” number derived from DNA methylation patterns. The
appeal is obvious: one blood draw, one score, a tidy report telling you if you're “younger” or
“older” than your calendar age.

But what do these clocks actually measure—and how useful is that information for steering your
longevity?

At their core, epigenetic clocks (Horvath, Hannum, PhenoAge, GrimAge, DunedinPACE, etc.)
are statistical models trained on large datasets to predict chronological age or mortality risk from
hundreds of DNA methylation sites. They’re remarkably good at the prediction part—often within
a few years of calendar age in healthy populations.

What they measure is correlated change: patterns of methylation that shift predictably with
time and with factors known to accelerate aging (smoking, obesity, chronic disease). They
capture a composite signal of accumulated molecular wear.

Strengths:

e Strong mortality prediction in population studies (GrimAge, in particular).
e Sensitive to some interventions (e.g., caloric restriction in small trials, certain lifestyle
shifts).

Limitations (the engineering critique):

o Black-box correlation, not causation: The clocks don’t tell you why methylation
changed or how to reverse it specifically.

+ Noisy and variable: Test-retest reliability is moderate; different clocks disagree; lifestyle
noise (recent iliness, alcohol) can swing scores.

e Downstream, not upstream: They reflect accumulated damage across systems but
don’t pinpoint which dial is drifting.

« Expensive and slow-feedback: Hundreds of dollars per test, results in weeks—poor for
iterative engineering.

Bottom line: Epigenetic clocks are sophisticated risk predictors and interesting research tools.
They are not control panels. They tell you something went wrong somewhere; they rarely tell
you exactly where or how to fix it.
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Chapter 23. Why the Longevity Dashboard Is More Practical

Epigenetic clocks give you a single composite score. The Longevity Dashboard gives you eight
steerable dials built on phenotypic markers—direct outputs of the system you can measure

cheaply, repeatedly, and act on quickly.

Practicality comparison:

Aspect Epigenetic Clocks Longevity Dashboard (Phenotypic
Dials)
Cost $300-800 per test Mostly free/cheap (BP cuff, grip, labs
<$200)
Frequency 1-2x/year (cost + lab delay) Weekly/monthly (home + routine

labs)

changed?)

Actionability “Your bio age went down 2 “Your ApoB dropped 20 mg/dL—
years—congrats!” keep doing X”
Specificity Composite signal (what Dial-specific (Vascular drifting?

Metabolic?)

Feedback loop Slow, expensive

Fast, iterative

Evidence for
steering

Limited intervention trials

Decades of RCTs/meta-analyses
per dial

The Dashboard wins on engineering principles:

o Measurable outputs: Strength, BP trend, fasting insulin—direct, repeatable.
o Tunable inputs: Sleep, Zone 2, protein, stress tools move specific dials predictably.
o Closed-loop control: 12-week cycles give clear cause-effect.

Clocks are like a fuel gauge that reads “low” without telling you if it's a leak, bad mileage, or
wrong octane. The Dashboard shows which subsystem is inefficient.
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Bottom line: Epigenetic clocks are interesting audits. The Dashboard is the steering wheel. For
day-to-day longevity engineering, phenotypic dials are dramatically more practical.

Chapter 24. The Hybrid Model: Epigenetic Clocks as Audit, Dashboard as
Steering Wheel

The optimal approach isn’t either/or—it’'s both, used correctly.
Treat epigenetic clocks as periodic audits, not daily drivers:

e Run one every 1-2 years (or after major protocol shifts).

e Use second- or third-generation clocks (GrimAge, DunedinPACE) for mortality/morbidity
prediction.

e Interpret changes as a “report card” on your overall program.

Use the Longevity Dashboard as the steering wheel.:

o Weekly/monthly trends on phenotypic dials guide inputs.
o Fix drifting dials (e.g., rising ApoB — tighten levers) long before clocks would register.

Hybrid workflow:

1. Baseline Dashboard + optional clock.

2. Run 12-week cycles optimizing dials.

3. Retest Dashboard; if stable and progressing, optional clock audit.

4. Clock slowdown/acceleration validates (or challenges) your protocol.

This avoids clock obsession while leveraging their population-level predictive power.

Bottom line: Clocks are valuable occasional audits—expensive, composite snapshots. The
Dashboard is your real-time control system. Combine them: steer with dials, audit with clocks.

Chapter 25. The Future of Aging Measurement: Where This Is Headed

Longevity measurement is evolving fast. The Dashboard’s phenotypic foundation will remain
central because biology is expressed through function. But integration with emerging tools is
inevitable.

Likely developments:

¢ Multi-omics integration: Cheaper methylation + proteome + metabolome panels,
trained on better outcomes data.

o Wearable phenotyping: Continuous BP, glucose, HRV, sleep architecture—turning
dials into real-time trends.

¢ Functional composites: Algorithms combining grip, VO,, gait speed, cognitive tests
into robust “healthspan indices.”

e Personalized predictors: Al models trained on your longitudinal data (Dashboard +
occasional omics) for custom risk trajectories.
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The engineering principle endures: prioritize steerable, repeatable, affordable markers.
Phenotypic dials won’t be replaced—they’ll be augmented.

Challenges ahead:
e Avoiding overtesting and anxiety.
o Distinguishing signal from noise in big data.
¢ Keeping costs accessible.
Bottom line: The future is hybrid and multi-modal—phenotypic steering + occasional deep

audits. The Longevity Dashboard positions you to integrate whatever comes next without getting
lost in the hype.
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Part V. — Implementation Tools

Chapter 26. The Minimum Viable Dashboard (Low-Cost, High-Signal
Start)

The Longevity Dashboard is designed for action, not perfection. Many people stall before
starting because they believe they need expensive labs, wearables, or imaging from day one.
That’s unnecessary—and counterproductive. The system works best when you begin with the
simplest, highest-signal metrics you can track today.

The Minimum Viable Dashboard strips everything to essentials: free or low-cost tools (home
devices, basic labs, symptoms) that capture ~80% of the signal across the 8 dials. The goal is
momentum: prove the process works, build habits, see early wins, then upgrade as needed.

This chapter gives you the exact starter kit: what to measure, how, and how to score your dials
with minimal data. Total startup cost: <$200 (BP cuff + grip tool + basic bloodwork).

Why Start Minimum

Overcome inertia: Complex setups lead to procrastination.

Fast feedback: Home trends respond in weeks, not months.

Prove causality: Small changes — measurable shifts — motivation.
Cost-effective: Validate the system before investing in advanced audits.

Once stable (2—-3 cycles with progress), graduate to Standard/Advanced panels (Appendix A/B).
The Minimum Viable Metrics

Focus on one primary steering metric per dial—repeatable, cheap, and hard to game. Add
symptoms for context.

Dial Primary Minimum Metric | How to Measure / | Scoring Notes (Younger /
Cost On-Par / Older)
Vascular Age | Home BP trend Validated cuff <115/75 = Younger; 120-
(~$50); morning 129/80-84 = On-Par;
average =2130/85 = Older
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Metabolic Age

Fasting glucose +
symptoms (energy
volatility)

Glucometer
(~$20) or basic
lab (~$50)

Glucose <90 stable energy
= Younger; 90-100
occasional dips = On-Par;
>100 frequent crashes =
Older

Atherogenic
Age

Triglycerides (basic lipid
panel) + family history

Basic bloodwork
(~$50-100)

<100 + no history =
Younger; 100-150 = On-
Par; >150 or strong history
= Older

Inflammatory hs-CRP + recovery Basic lab (~$50); | <1 no symptoms =
Age symptoms aches/fatigue log | Younger; 1-3 occasional =
On-Par; >3 frequent =
Older
Organ Age Basic CMP (eGFR Standard Normal enzymes + strong
creatinine, bloodwork tolerance = Younger; mild
ALT/AST/GGT) + (~$100) drift = On-Par;
tolerance to stressors abnormalities = Older
Cognitive Age | HRV trend + mood/focus | Free app or High stable HRV + steady

log

wearable (~$0—
100)

mood = Younger; moderate
variability = On-Par;
low/fragmented = Older

Structural &
Mechanical
Age

Grip strength + single-leg
stance + waist-to-height

Dynamometer
(~$30) or scale
hack; tape (~$5)

Top grip/stance + <0.5
waist = Younger; average =
On-Par; weak/poor = Older

Hormonal Age

Energy/libido/mood log +
resting HR trend

Symptom journal
(free)

Strong drive/energy =
Younger; moderate lability
= On-Par; persistent low =
Older

Startup Kit (~$100-200 total):

o Validated BP cuff
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e Grip dynamometer (or household scale for proxy)

¢ Tape measure

e Basic bloodwork (CMP + lipids + hs-CRP + fasting insulin/glucose via direct-to-consumer
or doctor)

e Free journal/app for symptoms/HRV (phone-based if no wearable)

Scoring Your Minimum Dashboard

Use the table above + your symptoms to assign Younger / On-Par / Older per dial. Be honest—
self-deception kills progress.

Example Baseline Scorecard (fill yours):

e Vascular: On-Par (BP 125/82 trend)
e Metabolic: Drift (glucose 95, occasional crashes)
e etc.

Count: e.g., 2 Younger / 4 On-Par / 2 Older — focus on worst dials first.

Your First 12-Week Cycle (Minimum Viable)

1. Week 1: Baseline measurements + symptom log.

2. Weeks 2-12: Pull top 3—4 levers (sleep stability, daily movement, strength 2x/week,
protein/fiber upgrade).

3. Week 12: Retest metrics + rescore dials.

Expected: 1-3 dials improve; energy/recovery noticeable.

When to Upgrade

o Stalls after 2 cycles — add Standard labs (ApoB, cystatin C).
o Specific concerns (family history, symptoms) — targeted audits (CAC, DEXA).

Bottom line: The Minimum Viable Dashboard gets you steering today—no excuses. Low cost,
high signal, fast feedback. Start here, prove it works, then layer precision. The rest of Part V
gives advanced tools for when you're ready.

Chapter 27. The Advanced Dashboard (High Precision, Higher Cost)

The Minimum Viable Dashboard (Chapter 25) is deliberately lean: it gets you steering with
accessible tools, fast feedback, and minimal expense. Most readers will make meaningful
progress—shifting multiple dials toward Younger—using only home metrics and basic labs for
several cycles.

But biology is nuanced, and not every drift reveals itself early or responds uniformly. Some
people hit stalls despite solid foundations (e.g., ApoB remains elevated, inflammation lingers,
VO, max plateaus). Others start with higher baseline risk (family history, existing plaque,
hormonal transitions) where deeper insight changes strategy sooner. And advanced users—
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those with mostly Younger dials—often want tighter telemetry for marginal gains or long-horizon
risk mitigation.

This is where the Advanced Dashboard comes in: higher-precision sensors that add signal
when the minimum viable set is no longer enough to inform decisions. These tools are more
expensive, often require clinics or referrals, and carry higher time/commitment costs. They are
not mandatory—they are upgrades you earn and deploy selectively.

The engineering rule remains: add precision only when it will change your inputs or verify a
critical shift. More data is not automatically better; unused telemetry is waste.

When to Upgrade to the Advanced Dashboard

Upgrade signals from your cycles:

o Stalls after 2—-3 consistent Minimum/Standard cycles (foundations locked in, but a dial
won't budge).

o High-stakes dials drifting or Older despite lifestyle (e.g., Atherogenic Age with family
history).

o Emerging tradeoffs or symptoms that contradict basic metrics (e.g., fatigue despite good
sleep score and HRV).

o Transition to Aficionado level (Chapter 19): mostly Younger dials, seeking optimization
or periodic deep audits.

e Clinician partnership: when pharmacology or specialist referral is on the table.

Do not start here. The Advanced Dashboard shines brightest after you've proven the basics
work for you.

The Advanced Metrics

The Advanced Dashboard builds directly on Appendices A (Lab Panels) and B
(Imaging/Functional Testing). Here we integrate them into per-dial upgrades, focusing on the
highest-signal additions.

Use the Standard/Advanced lab panels annually or per-cycle when indicated. Combine with
selective imaging/functional tests every 1-3 years (or sooner if risk justifies).

Dial Primary Advanced | How to Access Rationale & Scoring
Metrics | Approx. Cost Response Time Upgrade

(2026 US) (Younger

Threshold

Example)
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Vascular Age | Arterial stiffness Clinic/specialist; | Structural drift PWV age-
(carotid-femoral PWV | $200-500 audit; changes over | adjusted
via SphygmoCor or years <10th
similar); Endothelial percentile
function proxies (e.g.,

EndoPAT if available)

Metabolic Continuous glucose CGM device + Volatility/patterns Minimal

Age monitoring (CGM, 4— | app (~$150- beyond fasting; volatility,

12 weeks); Oral 300/month); Lab | weeks—months peak <140
glucose tolerance test | ~$100-200 mg/dL post-
(OGTT) with insulin; meal
Advanced insulin

resistance markers

(e.g., crafted HOMAZ2)

Atherogenic | ApoB + Lp(a) (lifetime | Labs ~$100— Particle burden + ApoB <80

Age once for Lp(a)); 200; CAC scan | accumulated mg/dL; CAC
Coronary artery ~$100-300 damage audit; =0 (or low
calcium (CAC) score; years percentile)
Optional CT
angiography if CAC
>100

Inflammatory | hs-CRP trend + Labs ~$150— Chronic tone + hs-CRP

Age broader panel (ESR, 300; sources; months <0.5 mg/L
ferritin, IL-6 if Sequencing consistently
indicated); Gut ~$300-500
microbiome
sequencing
(contextual)

Organ Age Cystatin C—-based Labs ~$100; Reserve margin Cystatin C
eGFR; Urine FibroScan/MRI audit; years eGFR >90 +
albumin/creatinine ~$300-800 no
ratio; Liver albuminuria
elastography
(FibroScan) or MRI

for fat quantification
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Saliva/urine cortisol
curve; Optional
DUTCH or similar
dried urine test

Cognitive Comprehensive Digital ~$50— Compute/resilience | Top quartile
Age neuropsychological 100/year; Sleep | depth; months— scores +
battery (e.g., MoCA + | study ~$500- years optimized
digital tools like 2,000 sleep
Creyos/Cambridge architecture
Brain Sciences);
Advanced sleep study
(home or lab
polysomnography if
apnea suspected)
Structural & | DEXA (body comp + | DEXA ~$150— Chassis/engine Lean
Mechanical bone density); VO, 300; VO, test audit; months— mass/VO,
Age max lab test (gas ~$200-400 years max top
exchange); quartile; T-
Gait/mobility analysis score >—1
(if balance concerns)
Hormonal Full axis panels (e.g., | Labs ~$200- Signal integrity Optimized
Age LH/FSH, 500 depth; weeks— free
estradiol/prolactin in months hormones +
men; cycle-timed full flat cortisol
panel in women); curve

Cost and Logistics Overview

o Baseline Advanced Setup: $1,000-3,000 (full Advanced lab panel + key imaging like
CAC/DEXA + VO, test).

e Ongoing (per cycle or annual): $500-1,500 (retesting key markers + selective audits).

e Providers: Direct-to-consumer labs (InsideTracker, Marek Health, or similar "longevity
panels"); Functional medicine clinics; Cardiologists/preventive specialists for imaging.

« International note: Costs and access vary; some countries subsidize imaging, others
restrict direct-to-consumer.

Time investment: 1-2 days for blood draws/scans, plus interpretation time (share with clinician).

Integration into Your Cycles

The Advanced Dashboard is not daily telemetry—it's periodic enhancement:
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1. Run Minimum/Standard first for 2—3 cycles.
2. Add Advanced selectively:
o Per-cycle: Retest high-priority labs (ApoB, cystatin C, hormones).
o Every 2—4 cycles: Key audits (CAC progression only if baseline >0; DEXA every
2-3 years).
o Hybrid audit: Optional epigenetic clock every 1-2 years (Chapter 23).
3. Decision rules:
o If a new metric reveals hidden drift (e.g., CAC 150 despite good lifestyle),
escalate levers/clinician input.
o If metrics confirm progress (e.g., ApoB down, VO, up), lock in protocol and
reduce testing frequency.
o Red flag: Abnormal audit — pause self-experimentation, prioritize medical
guidance (Chapter 31).

Common Pitfalls with Advanced Tools

o Overtesting anxiety: More data can amplify noise if you're not acting on it.
e Chasing perfection: A CAC of 50 at age 55 isn't failure—it's context for strategy.
e Ignoring foundations: Advanced metrics won't rescue unstable sleep or training.

Bottom Line:

The Advanced Dashboard is for when minimum viable signal is exhausted: deeper audits,
tighter precision, and clinician partnership for high-stakes dials. It costs more and requires
discipline to interpret—but when used correctly, it converts uncertainty into confident
engineering.

Most readers will spend years thriving on the Minimum/Standard layers. Upgrade deliberately:
precision serves progress, not the other way around.

The next chapter covers retest cadence—how often to touch each layer of your dashboard for
sustainable steering.

Chapter 28. Retest Cadence: How Often to Measure Each Dial

The Longevity Dashboard is a dynamic control system, not a one-time snapshot. Progress
depends on closing the feedback loop: apply levers, wait for biological response, then re-
measure to verify (or refute) improvement. Too infrequent retesting leaves you flying blind—drift
can accumulate undetected. Too frequent invites noise, expense, and decision fatigue.

Retest cadence is the engineering solution: a scheduled rhythm tailored to each metric's

response time, signal strength, cost, and invasiveness. Fast-responding steering metrics
deserve frequent touchpoints for tight control. Slower audit metrics are periodic checks to
confirm accumulated direction.

This chapter provides clear guidelines: baseline frequency by dial, adjusted for your stage
(Beginner/Intermediate/Aficionado) and dashboard layer (Minimum Viable/Standard/Advanced).
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Always retest under stable conditions—same time of day, fasted state, rested, consistent
device/lab—to minimize noise.

Core Principles for Retest Cadence

1.

Response time drives frequency: Metrics that shift in weeks (BP trend, strength
outputs) get tighter loops; those that evolve over years (CAC, bone density) get wider
spacing.
Stage-based scaling:

o Beginners: Focus on steering metrics every 12 weeks (one full cycle).

o Intermediate: Add medium-response labs quarterly.

o Aficionado: Layer selective audits annually or biennially.
Cost/signal ratio: Cheap, repeatable home metrics — frequent. Expensive imaging —
only when indicated (stalls, high baseline risk).
Trend over snapshot: Never react to one reading. Require 2—3 consistent data points
for decision-making.
Red flags override: Symptoms, tradeoffs, or clinician advice can accelerate any retest.
Diminishing returns: Once a dial stabilizes in Younger territory for 2—3 cycles, reduce
frequency—maintenance mode.

Integrate cadence into your 12-Week Engineering Cycle (Chapter 17):

Week 1: Full baseline (or targeted retest).
Weeks 2-11: Weekly steering trends only.
Week 12: Full retest of priority dials + any scheduled audits.

Recommended Cadence by Dial

The table below lists primary metrics from Minimum Viable (Chapter 25) and Advanced
(Chapter 26) layers, with cadence tiers. Adjust upward if a dial is your worst/off-target;
downward once stable.

Dial Metri | Primary Metrics | Beginne | Intermedi | Aficionad Rationale &
c r (First ate o Notes
Type 1-2 (Stable | (Optimizat
Years) | Foundati ion)
ons)
Vascular | Steeri | Home BP trend | Weekly | Every 8— | Every 12 Fast response
Age ng average | 12 weeks | weeks to
— Full sleep/training/s
retest tress; daily
every 12 noise averages
weeks out weekly
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Audit | PWV or N/A Every 2-3 | Every 1-2 | Structural
advanced years years if change is slow;
stiffness drifting use only if BP

controlled but
recovery poor
Metabolic | Steeri | Fasting Every 12 | Every 8- | Every 12 Insulin/HbA1c
Age ng insulin/glucose/H | weeks 12 weeks | weeks + respond in
bA1c; CGM CGM months; CGM
patterns bursts for education
(optional) (2—4 weeks at
a time)
Audit | OGTT with N/A Annually if | As needed | Deeper
insulin stalls volatility check;
not routine
Atheroge | Steeri | ApoB; Every Every 12 | Every 12 Particle burden
nic Age ng Triglycerides as | 12-24 weeks weeks moves in
proxy weeks months with
levers

Audit | CAC score; Baseline | Repeat Every 3-5 | Accumulated

Lp(a) (once) once only if years if damage;
(45+ >100 progressin | progression
men/55+ | baseline g slower than
women) | (every 3-5 lifestyle
years) changes
Inflammat | Steeri | hs-CRP; Every 12 | Every 8- | Every 12 Responds
ory Age ng Recovery weeks 12 weeks | weeks quickly to
symptoms sleep/gut/stres
s fixes

Audit | Broader panel N/A Annually if | As needed | Contextual only

(ESR, ferritin) chronic
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Organ Steeri | Basic Every Every 12 | Every 24 Early flags
Age ng kidney/liver 12-24 weeks weeks from lifestyle
enzymes weeks once
stable
Audit | Cystatin C Annually | Annually Every 1-2 | Reserve drifts
eGFR; Urine years slowly; protect
ACR; FibroScan with
BP/metabolic
control
Cognitive | Steeri | HRV trend; Daily/we | Every 8- | Every 12 Recovery
Age ng Mood/focus log; | ekly 12 weeks | weeks proxies move
Simple cognitive | trends — fast
battery Full
every 12
weeks
Audit | Full N/A Every 2 Every 1-2 | Deeper when
neuropsychologi years if years symptoms
cal test; concerns contradict
Polysomnograph steering
y
Structural | Steeri | Grip strength; Every 4— | Every 8- | Every 12 Strength/balan
& ng Single-leg 12 12 weeks | weeks ce respond
Mechanic stance; Waist-to- | weeks session-to-
al Age height (training- session
depende
nt)
Audit | DEXA (lean Every 1- | Every 1-2 | Annually Muscle/bone
mass/bone); Lab | 2 years | years change over
VO, max months—years;

VO, seasonal
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Hormonal | Steeri | Symptom Weekly | Every 8— | Every 12 Rhythm

Age ng clusters; Resting | log — 12 weeks | weeks sensitive to
HR/HRV proxies | Full recovery
every 12
weeks

Audit | Full axis labs Every Every 12 | Every 24 Clinician-

(free hormones, | 12-24 weeks if weeks guided; avoid
cortisol curve) weeks transitioni | once overtesting
ng optimized

Practical Implementation Tips

o Tracker setup: Use a simple spreadsheet or app. Columns: Date, Dial, Metric, Value,
State (Younger/On-Par/Older), Notes.

o Batch testing: Align lab draws with cycle ends. Home metrics weekly; labs/imaging on
schedule.

e Cost containment: Beginners — ~$200-500/year (basic labs). Aficionado — $1,000—
3,000/year with audits.

e Over-testing traps: Anxiety from minor fluctuations; chasing noise instead of trends. If a
metric varies without symptoms or tradeoff signals, widen cadence.

¢ Hybrid with clocks: Optional epigenetic audit every 1-2 years (Chapter 23) as a
composite check against your phenotypic trends.

Bottom Line

Retest cadence turns measurement into control: frequent enough for steering, spaced enough
to reveal real biological shifts without waste. Start conservative—every 12 weeks for steering
metrics in your first cycles—then refine based on stability and goals.

Master this rhythm, and the Dashboard becomes self-tuning: early wins compound, stalls get
diagnosed quickly, and margin builds sustainably. The next chapter provides decision
algorithms—structured logic trees to translate your retest data into clear next actions.

Chapter 29. Decision Algorithms: If/Then Logic Trees & Flowcharts
(Protocol Selection That Engineers Can Run)

The Longevity Dashboard gives you clear telemetry—dial states and trends—but data alone
doesn't change outcomes. What matters is translating measurements into decisive action: which
levers to pull, in what order, and when to escalate.

This chapter provides structured decision algorithms: simple if/then logic trees and flowcharts
you can run like an engineer troubleshooting a system. No vague "try this" advice—these are

131



binary-branching pathways based on your retest data, prioritized by evidence strength, ROI, and
risk (Leverage Ladder principles).

Each tree starts with your dial's primary steering metrics, branches through common patterns,
and outputs:

Priority levers (from common denominators first)
Expected response time

Retest triggers
Red flags for clinician involvement

Use these in your 12-week cycle reviews:
1. Pull latest dashboard data.
2. Run the relevant tree(s) for Older or drifting dials.
3. Select 3-5 levers (avoid stacking everything).
4. Document and execute.
Trees are presented in markdown flowchart format for clarity (easy to sketch or copy into a

tracker). They draw from Chapters 7—14 (dial details), Chapter 15 (common denominators),
Chapter 18 (Leverage Ladder), and Appendices A-B (testing).

Lipids/ApoB + Imaging Logic Tree (Atherogenic Age Primary; Cross-talk with
Vascular/Metabolic)

Focus: Particle burden control and plaque audit interpretation.
Start: Retest ApoB (primary) + triglycerides context
|— ApoB <80 mg/dL AND CAC = 0 (or low percentile)

| L State: Younger — Maintenance mode (retest annually; lock nutrition/training
foundations)

— ApoB 80-100 mg/dL OR mild CAC (1-100)

| L— First-line levers (12 weeks):

| - Visceral fat reduction (if waist-to-height >0.5)

| - Nutrition upgrade (fiber 1, saturated fat moderation, omega-3 context)

| - Zone 2 base + strength consistency

| L Retest ApoBitriglycerides every 12 weeks

| — Improved — Continue; consider maintenance

| L— No change — Add clinician consult (lifestyle-optimized low-dose therapy if risk

factors)
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L— ApoB >100 mg/dL OR CAC >100 (or rising)
L— Immediate clinician pathway:
- Share dashboard trends + family history
- Discuss evidence-based actuators (statins/PCSKOi if indicated)
- Parallel lifestyle max (all common denominators)

L— Red flags: Symptoms (chest pain) OR rapid CAC progression — Urgent medical
priority

Notes: Lp(a) >150 nmol/L once — Treat as constraint (aggressive lifestyle + clinician for
emerging therapies). Evidence: FOURIER/ODYSSEY outcomes trials for particle-lowering.

Metabolic Logic Tree (Insulin Resistance Patterns)

Focus: Reducing insulin effort and glucose volatility.

Start: Fasting insulin + HbA1c + symptoms (energy crashes?)

|— Insulin <8 yU/mL, HbA1c <5.2%, stable energy

| L State: Younger — Maintenance (protein priority + movement)
— Insulin 8-15 uU/mL OR HbA1c 5.2-5.6% OR occasional crashes
| L— Priority pattern branch:

| — High visceral fat (waist-to-height >0.5)

| | L— Levers: Strength training 3x/week + Zone 2 + mild sustainable deficit + post-meal
walks

| — Low muscle mass (grip/strength weak)
| | L Levers: Progressive strength + protein 1.8—2.2g/kg + recovery focus
| L— Sleep/recovery debt dominant
| L Levers: Sleep stability first + stress reduction
| L— Retest every 12 weeks — Expect insulin drop in 8-12 weeks
L— Insulin >15 pU/mL OR HbA1c >5.7% OR frequent crashes
L Escalate:

- Clinician rule-out (thyroid, medications, etc.)
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- Max foundations + optional CGM burst for patterns
- Consider clinician-guided pharmacology (GLP-1 context if severe)
L— Red flags: Rapid rise OR ketones/symptoms — Medical priority

Notes: Muscle is the primary glucose sink—strength training often highest ROI.

Inflammation Logic Tree (Gut-Integrity Branch Included)
Focus: Lowering hs-CRP and chronic tone.
Start: hs-CRP trend + recovery symptoms
— hs-CRP <1 mg/L AND strong recovery
| L— State: Younger — Maintenance
|— hs-CRP 1-3 mg/L OR occasional aches/fatigue
| L— Branch by likely driver:
| |— Visceral fat elevated — Visceral fat protocol + fiber upgrade
| |— Training overreach (high volume/intensity) — Deload + Zone 2 emphasis
| — Sleep/fragmented — Sleep stability first
| L— Gut symptoms (bloating, irregularity)
| L— Gut-integrity branch:
| - Remove irritants (alcohol frequency |, ultra-processed |)
| - Fiber diversity 1 (30+ plants/week target)
| - Fermented foods micro-dose + hydration
| - Optional: Clinician for SIBO/IBS rule-out if persistent
| L— Retest hs-CRP every 12 weeks
L— hs-CRP >3 mg/L OR persistent symptoms
L— Clinician pathway (infection/autoimmune rule-out) + max recovery levers

Notes: Gut branch included because barrier dysfunction is a common hidden driver.
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Sleep/Circadian + Recovery Logic Tree (ANS/HRV; Cross-talk with Cognitive/Hormonal)
Focus: Stabilizing autonomic balance.
Start: HRV trend + sleep score + morning energy
|—— High stable HRV (>60 ms RMSSD) + efficient sleep (>90%)
| L— State: Younger — Maintenance rhythm
|— Moderate HRV OR fragmented sleep OR wired/tired pattern
| L— Priority levers (sequence):
| 1. Fixed wake time +30 min + protected window
| 2. Morning bright light + evening dim
| 3. Caffeine cutoff (noon) + alcohol discipline
| 4. Daily downshift protocol (breathwork 10 min)
| L— Retest weekly trends — Expect HRV rise in 2—6 weeks
L— Low HRV (<40 ms) OR severe fragmentation OR burnout symptoms
L— Escalate:
- Clinician screen (apnea, thyroid, depression)
- Optional home sleep study
- Pause aggressive training — Zone 2 walks only

L— Red flags: Persistent despite fixes — Medical/therapy priority

Structural & Mechanical Decision Tree (Strength/VO, max/Bone/Balance)
Focus: Building actuators, engine, and chassis.

Start: Grip strength + VO, estimate + balance test + DEXA (if available)

|— Top-quartile strength/VO, + strong balance

| L— State: Younger — Periodize for maintenance

— Strength OR VO, OR balance weak

| L—Branch:
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| — Strength primary deficit

| | L— Progressive resistance 3—4x/week (major patterns)

| F— VO, primary deficit

| | L— Zone 2 base build (150-180 min/week)

| — Balance/gait concern

| | L— Micro-dose (single-leg, stability work daily)

| L— Bone density low (DEXA T-score <—1)

| L— Strength + protein + Vitamin D check + impact loading

| L— Retest functional metrics every 12 weeks; DEXA every 2 years
L— Multiple deficits OR falling risk

L— Clinician/falls assessment + PT referral if needed

Hormonal-Age Decision Tree (Screening — Clinician Pathway)
Focus: Symptom-driven with cautious escalation.

Start: Symptom clusters (libido, mood, recovery) + proxies (HRV, strength trend)
|— Strong drive/energy/libido + stable mood

| L— State: Younger — Foundations only

|— Mild symptoms OR borderline labs

| L— Lifestyle first (12 weeks):

| - Sleep/circadian lock

| - Strength training consistency

| - Protein + recovery fueling

| - Stress reduction

| L— Retest symptoms + optional basic panel (TSH, free T)
L— Persistent/moderate-severe symptoms

L— Clinician pathway mandatory:
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- Full axis labs (thyroid panel, sex hormones cycle-timed, cortisol context)
- Discuss transitions (menopause/andropause)
- Evidence-based therapy if deficient (TRT/HRT guidelines)

L— Red flags: Rapid changes OR abnormal labs — Urgent

Additional Tree: Vascular Age Quick Logic (Pressure Load Primary)
Start: Home BP trend

— Average <115/75

| L— Younger — Maintenance

— 115-130/75-85

| L— Levers: Sleep + Zone 2 + sodium density | + potassium 1

L— >130/85 consistent

L— Clinician first (rule-out secondary) + lifestyle max

How to Run These Algorithms

e Prioritize worst dial — Run its tree first.

e Cross-check tradeoffs (Chapter 16): e.g., aggressive deficit helps Metabolic but watch
Hormonal.

¢ Document outputs in your tracker.

o If multiple dials conflict — Default to Leverage Ladder bottom rungs.

These trees eliminate decision paralysis: your data drives clear, evidence-aligned next steps.
Run them quarterly—over time, they'll feel automatic, turning the Dashboard into a truly self-
optimizing system.

The next chapters provide protocol templates to execute the outputs of these decisions.

Chapter 30. The Protocol Templates

Your Longevity Dashboard data—dial states, trends, and decision algorithms (Chapter 28)—is
the input. The output is a personalized protocol: a sustainable stack of levers that fits your life,
stage, and constraints.

137



No single protocol is universal. The templates below are evidence-based starting points, built
progressively from the Leverage Ladder (Chapter 18) and common denominators (Chapter 15).
Each level fully incorporates the prior one. They represent minimum effective doses—80% of
the benefit from structured, repeatable habits.

e Beginner: Stabilize and rebuild for readers with multiple Older dials or inconsistent
history.

o Intermediate: Amplify performance and deepen risk reduction.

o Aficionado: Optimize marginal gains with periodization and audits.

Customization rules:
e Override with decision trees (e.g., accelerate stress reduction if Cognitive/Hormonal
Older).
e Runin 12-week cycles (Chapter 17): measure — execute — retest — refine.

o Detect tradeoffs early (Chapter 16): drop levers causing regression (e.g., worse sleep).
¢ Clinician input: mandatory for pharmacology or persistent stalls.

Beginner Template: Baseline Health Rebuild

Target: Multiple Older/On-Par dials; low consistency; high stress; sedentary or post-
burnout/iliness.

Goal: Eliminate volatility, shift 2—4 dials to On-Par/Younger, lock habits.

Core stack (Rungs 1-2): Sleep stability, daily movement, strength consistency, nutrition
foundations.

Sample Weekly Structure

Day Sleep & Movement & Nutrition Stress/Recovery
Circadian Training Foundations Notes

Monday Fixed wake Strength (full- Protein-first meals | Evening wind-down
time; protected | body A) + 8— (~1.6-1.8g/kg (no screens 1 hr pre-
7-9 hr window | 10k steps total) bed)

Tuesday Caffeine cutoff | Walks + post- Fiber-forward Symptom/energy log
noon; meal movement | whole foods
consistent + steps
rhythm
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Wednesday | No late alcohol | Strength (full- Reduce ultra-
body B) + steps | processed density

Thursday Active recovery | Protein + veggies
walks + steps priority

Friday Strength (full- Flexible but Light downshift if
body A) + steps | protein-anchored | needed

Saturday +30 min Longer walk or | One focused

flexibility family activity “clean" day

Sunday Reset rhythm Rest or light Meal prep + Dashboard check (5-

movement weekly review 10 min)
Details:

e Strength: 2—3x/week, 45-60 min full-body (squat/hinge, push, pull, carry). Progressive

(add reps/weight safely).

¢ Movement: Incidental steps + post-meal walks for metabolic/vascular flow.
¢ Nutrition: Protein priority; whole foods; alcohol discipline.
e Time: 3-5 hrs/week structured + habits.

Expected outcomes (12 weeks): Stable energy/HRV, initial strength, lower BP trend, reduced
volatility. Composite shift: fewer Older dials.

Graduate when: 80% consistency; 2+ dials improved; recovery sustainable.

Intermediate Template: Performance + Risk Reduction

Target: Foundations ~80% consistent; mostly On-Par dials; ready for volume.

Goal: Shift to mostly Younger; build engine/resilience; target risk (ApoB, inflammation, VO,).

Core stack (All Beginner + Rung 3): Add Zone 2 base, direct stress reduction, body comp focus

(if indicated).

Sample Weekly Structure
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Day Sleep & Movement & Nutrition Stress/Recovery
Circadian Training Foundations
Monday Locked rhythm; Strength A + Zone | Protein 1.8— 10-15 min
HRV check 2 (45 min 2g/kg + fiber downshift
conversational) diversity (breathwork)
Tuesday Consistent Zone 2 (45-60 Track waist if
min) + steps/post- | visceral fat
meal walks elevated
Wednesday | Protected Strength B Whole-food
window density max
Thursday Caffeine/alcohol | Zone 2 (45-60 Evening
discipline min) decompression
Friday Strength A + light | Flexible refeed if
Zone 2 training heavy
Saturday 130 min flex Long Zone 2 (60— | Higher Optional recovery
90 min) or active | volume/calories | tool (sauna if
outing positive)
Sunday Reset Recovery walks + | Prep + cycle Full dashboard
steps review retest planning
Details:
o Strength: 3—4x/week progressive.
e Zone 2: 150-200 min/week total (60-70% max HR; sustainable effort).
o Body comp: Mild tracking/deficit only if waist-to-height >0.5.
e Stress: Daily micro-protocol.
e Time: 6-9 hrs/week structured.
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Expected outcomes (12 weeks): VO,/resilience gains, lower inflammation/ApoB, stable mood.

Most dials Younger.

Graduate when: Majority Younger; strong tolerance; data for personalization.

Aficionado Template: Optimization

Target: Mostly Younger dials; 90%+ consistency; cycle history.

Goal: Marginal gains; residual risk minimization; periodized edge.

Core stack (All Intermediate + Rung 4 + dial-specific): Periodization, targeted supplements
(gaps only), quarterly audits.

Sample Weekly Structure (High-volume block example; deload every 4—6 weeks)

Day Sleep & Movement & Nutrition Stress/Recovery/Audits
Circadian Training Foundations
Monday HRV-guided; | Heavy strength + | Protein 2g/kg + | Morning light +
optimized short timed carbs breathwork
light power/intervals
exposure
Tuesday Long Zone 2 (75— | Macro tracking | Sauna/contrast if
90 min) for goals tolerated
Wednesday | Locked Strength + Nutrient max
mobility/balance (diversity)
dose
Thursday Zone 2 + technical Downshift protocol
work
Friday Full strength + Refeed/higher
Zone 2 finish calories
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Saturday Recovery High-output mixed | Optimized Biohack test if indicated
flex (Zone 2 + fueling
strength)
Sunday HRV check Full recovery + Prep + audit Deep cycle review
light walks scheduling

Details:
e Training: 4-5 strength + 3—4 Zone 2; seasonal intervals/power.
e Periodization: HRV-guided deloads; cycle intensity.
e Audits: Quarterly labs; biennial imaging (CAC/DEXA if risk).
o Supplements: Gap-only (e.g., creatine, omega-3).
o Time: 8-12+ hrs/week + refined lifestyle.

Expected outcomes (12 weeks): Peak reserve; refined dials; sustained high performance.
Maintenance: Seasonal cycles; revert templates for stress/life changes.
Engineering Takeaways

o Start where you are: Beginners stay here months; Aficionados cycle blocks.

« Data drives evolution: Retest — decision trees — adjust template.

o Sustainability first: Perfection stalls; 80-90% compounds.

These templates turn the Dashboard into action. Your cycles refine them into a lifelong system.

Chapter 31. Common Failure Modes (Why People Don’t Improve Despite
Effort)

Effort alone doesn't guarantee progress. In complex systems—Ilike the human body—good
intentions often collide with hidden constraints, feedback loops, and execution gaps. Smart,
motivated people frequently stall or regress despite "doing everything right."

This chapter catalogs the most common failure modes observed in real dashboards: patterns
where inputs (levers) are applied but outputs (dial shifts) remain flat or worsen. These aren't
moral failures—they're engineering bugs. Diagnose them with your cycle data (trends,
symptoms, adherence logs), not self-judgment.

The goal: spot the mode early, apply the fix, and close the loop in your next 12-week cycle.

The Top Failure Modes (Ranked by Frequency)
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Mode Description & Symptoms Root Diagnosis Fix (Highest-
Cause Tools ROI First)
(Engineeri
ng
Analogy)
Inconsisten | High effort in bursts; Lack of Adherence log | Simplify to 3—4
cy Debt protocols start strong but repeatable | <80%; variable | levers;
fade. Metrics improve briefly | set points; sleep/moveme | automate (fixed
then plateau/regress. willpower vs | nt trends. times, prep).
system Revert to
design. Beginner
template until
90% consistent.
Tradeoff One dial improves (e.g., Constrained | Emerging Detect early
Blindness Metabolic via deficit) but recovery regressions in | (weekly steering
others worsen budget; HRV/sleep/mo | check). Drop
(Hormonal/sleep crash, ignoring od while one offending lever;
Inflammatory rise). Net crosstalk metric gains. sequence don't
composite stalls. (Chapter stack. Prioritize
16). recovery master
levers.
Self- "| feel great" despite drifting | Narrative Feelings Force honesty:
Deception metrics; vanity metrics over contradict Retest under
Override (weight, mirror) prioritized telemetry trends; stable
over hard ones (ApoB, (Chapter 4). | selective conditions; trust
insulin, grip). tracking. numbers over
vibes. Share
data with
accountability
partner/clinician
Wrong Chasing Bottom-up | Multiple Older | Run decision
Prioritizatio | marginal/supplements/bioha | vs Leverage | dials but focus | algorithms
n cks while foundations Ladder on low-ROI (Chapter 28);
unstable (e.g., sauna (Chapter inputs. default to top
obsession with poor sleep). | 18). rungs (sleep,
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strength, Zone
2).

Measureme | Single snapshots or No Variable Standardize
nt Noise inconsistent conditions; trendlines; readings (same
reacting to fluctuations as confusing without stable | time/device/stat
"failure." noise for protocol. e); require 3+
signal. points for
decisions.
Widen cadence
if overtesting.
Recovery High training/nutrition Load Declining Deload
Overreach intensity without margin; exceeds HRV/sleep; immediately
fatigue, aches, stalled adaptation | new symptoms | (cut volume
gains. capacity; despite effort. | 50%); prioritize
destructive sleep/stress
feedback levers. Rebuild
loop. Zone 2 base
slowly.
Hidden Lifestyle maxed but dial Undiagnose | No response Clinician
Medical stuck (e.g., high ApoB d issues after 2-3 pathway
Constraints | despite low visceral fat; (thyroid, optimized (Chapter 6/31);
persistent inflammation). apnea, cycles. deeper audits
autoimmun (hormones,
e, genetics). imaging).
Accept
constraints and
mitigate
controllable.
Overtesting | Constant metrics chase Telemetry Frequent Reduce
Anxiety creates stress; minor overload; testing + mood | cadence
fluctuations interpreted as decision volatility. (Chapter 27);
catastrophe. paralysis. focus on
quarterly
composites.
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Use data for
action, not
worry.
Protocol Rigid adherence to "my Ideology Defending Treat as
Identity way" (e.g., extreme over protocol when | experiment:
Trap diet/training) despite data iteration. trends worsen. | Change one
showing regression. variable, retest.
Data > dogma.

Why These Modes Persist

Most trace to three system flaws:

1.

2.

3.

Feedback delay: Biological shifts take weeks—months; early "wins" from motivation
mask later stalls.

Compensation illusion: The body hides drift (e.g., high adrenaline masks sleep debt)
until margin runs out.

Complexity underestimation: Dials interact; fixing one without watching others creates
whack-a-mole.

Troubleshooting Workflow (Run This Mid-Cycle if Stalled)

aORLON=

Review raw data: Adherence %, steering trends, symptom log.
Map to mode: Which best fits?

Apply fix: One change at a time.

Short cycle: 4-6 weeks focused retest on affected dials.
Escalate if needed: Red flags (Chapter 31) — clinician.

The Mindset Shift

Failure modes aren't personal—they're diagnostic signals. The Dashboard rewards humility:
when progress stalls, the system is telling you something actionable. Spot the bug, patch it,

iterate.

Real progress compounds from fixing these modes, not from harder effort. Most sustained
dashboards come from people who master troubleshooting over perfect starts.
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Chapter 32. Red Flags and Stop Rules (When to Stop Experimenting and
Get Medical Care)

The Longevity Dashboard empowers you to take control: measure, intervene, verify, and iterate.
This is agency—not denial of professional care. Self-experimentation within safe bounds is
powerful, but biology has failure modes that no amount of data or discipline can override alone.

Red flags are unambiguous signals: something is outside the scope of lifestyle tuning. Stop
rules are clear boundaries: pause the cycle, prioritize medical evaluation, and treat the
Dashboard as supporting telemetry for your clinician, not a substitute.

This chapter is blunt because the stakes are high. Ignoring red flags turns engineering into
denial. The goal isn't to scare—it's to protect margin and ensure progress is sustainable.

Core Principle

When in doubt, default to caution. The interventions with the best evidence (sleep, strength,
Zone 2, nutrition) are low-risk and reversible. Higher-stakes tools (pharmacology, aggressive
protocols) belong under supervision. If a signal suggests underlying pathology, the right move is
professional guidance—fast.

Red Flags: Immediate Signals to Escalate

Stop experimenting and seek medical care promptly if any of these appear, regardless of "good"
dashboard trends elsewhere.

Category Red Flags (Examples) Why It's a Stop Next Action
Rule
Cardiovascular Chest pain/pressure, Potential acute Emergency
Symptoms shortness of breath on events (heart care if acute;
minimal exertion, attack, arrhythmia) | urgent clinician
palpitations with dizziness, otherwise

unexplained fainting

Neurological/Cognitive | Sudden severe headache, | Stroke, Emergency
confusion, vision changes, | neurological evaluation
weakness/numbness on emergency

one side, seizures
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Severe Fatigue/Pain

Profound, unexplained
fatigue preventing daily
function; severe
joint/muscle pain;
unexplained swelling

Possible infection,
autoimmune flare,
organ stress

Clinician
workup (rule
out anemia,
infection, etc.)

Weight/Fluid Changes | Rapid unintentional weight | Cancer screen, Prompt
loss (>5—10% unexplained); | kidney/heart/liver medical
significant edema (swelling) | dysfunction evaluation

Gastrointestinal Persistent blood in Bleeding, Urgent care
stool/urine, severe obstruction, serious
abdominal pain, Gl disease

uncontrolled
vomiting/diarrhea

Mental Health

Suicidal thoughts, severe
depression/anxiety
impacting safety/function

Mental health crisis

Crisis support
+ professional
help

Infection/Inflammatory

Fever >101°F persistent,
chills, night sweats,
unexplained rash/lymph
nodes

Systemic infection
or inflammatory
disease

Clinician
evaluation

Lab/imaging Red Flags (From Dashboard Trends)

Pause cycles and consult if these emerge or worsen despite optimized foundations:

Dial/Metric

Red Flag Thresholds
(Examples)

Context

Next Action

Vascular/Atherogenic

BP consistently

>160/100; CAC >400 hypertension;
(or rapid progression); high plaque
ApoB unresponsive + burden

symptoms

Uncontrolled

Clinician (medication
evaluation)

147




Metabolic

HbA1c >7% or rising
rapidly; fasting glucose
>125 persistent

Potential
diabetes
progression

Medical management

Inflammatory

hs-CRP >10 mg/L trend;
with symptoms

Acute phase or
hidden driver

Rule out
infection/autoimmune

abnormal labs (e.g.,
TSH extremes, very low
testosterone with
hypogonadism signs)

pituitary issue

Organ Cystatin C eGFR <60; Kidney/liver Specialist referral
rising liver enzymes compromise
(ALT/AST >3x upper
limit); albuminuria

Hormonal Severe symptoms + Thyroid disorder, | Endocrinologist

Structural &
Mechanical

Rapid strength/VO,
decline with pain; new
fractures

Injury or
underlying bone
disease

Imaging + medical
eval

Stop Rules: When to Pause Self-Experimentation

Even without acute symptoms, hit pause if:

1. Persistent stalls despite optimization: 2—3 cycles with foundations locked (sleep,
training, nutrition ~90% consistent) but a high-stakes dial (Vascular, Atherogenic,
Metabolic) won't budge.

2. Emerging tradeoffs: New symptoms (fatigue, libido crash, mood instability) despite

overall effort.

3. Life transitions: Pregnancy, major illness/recovery, new medications,
menopause/andropause symptoms dominating.
4. Pharmacology on the table: Any discussion of meds (BP, lipids, hormones, GLP-1s)—
clinician supervises monitoring/side effects.

Workflow for Escalation

1. Document: Share your full dashboard trends, cycle logs, and symptoms with the

clinician.
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2. Pause aggressive levers: Revert to Beginner template (maintenance mode) until
cleared.

3. Integrate care: Use medical input to refine protocol (e.g., add supervised therapy, adjust
for constraints).

4. Resume when stable: Only restart full cycles with clinician alignment if needed.

The Conservative Mindset

Engineering longevity means knowing boundaries. The Dashboard gives clarity and agency
within safe limits. Red flags aren't failure—they're the system protecting itself.

Most readers will never hit these—but recognizing them early prevents small issues from
becoming irreversible. Prioritize health over optimization theater.

With this safeguard in place, the appendices provide deeper tools: lab panels, imaging
guidance, supplements, biohack ROI, pharmacology primer, and references.

You're now equipped to build and sustain your personal control panel—for decades of
healthspan.
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Appendices

Appendix A: Lab Panels (Minimum / Standard / Advanced)

The Longevity Dashboard is built on actionable data, but not everyone needs (or can afford)
exhaustive testing from day one. These tiered panels provide a practical progression:

Minimum Viable Panel: Low-cost, high-signal starters. Focus on essentials you can get
via basic bloodwork or direct-to-consumer labs. Ideal for beginners or budget-conscious
tracking.

Standard Panel: Balanced depth for most readers. Adds key Dashboard markers
(ApoB, cystatin C, thyroid). Recommended annually or during 12-week cycles.
Advanced Panel: Optimization-level detail. Includes once-in-a-lifetime tests (Lp(a)),
antibodies, and deeper hormones. Use selectively with clinician guidance.

General Guidelines:

Fast 8—12 hours where noted.

Test under stable conditions (no recent iliness, extreme training, or alcohol binge).
Trend > snapshot: Repeat key markers every 3—12 months.

Context matters: Interpret with symptoms, trends, and clinician input.

Cost estimates (US, 2026 approximate): Minimum ~$100-200; Standard ~$300-500;
Advanced ~$600-1,000 (varies by lab/provider).

Providers: Quest, LabCorp, direct-to-consumer (e.g., Ulta Lab Tests, InsideTracker for
bundled longevity panels).

Tests are grouped by primary dial impact.

Minimum Viable Panel (Essential Steering Markers)

Focus: Catch major drift early with accessible tests.

Category / Dial Impact Tests Rationale / Notes
Basic Metabolic CMP (glucose, electrolytes, Baseline organ/metabolic
kidneyl/liver basics) screen
Lipids Standard lipid panel (total chol, Proxy for particle burden;
(Atherogenic/Vascular) HDL, LDL calc, trigs), non-HDL calc | triglycerides as metabolic
flag
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Glucose Control
(Metabolic)

Fasting glucose, HbA1c

Average exposure +
volatility proxy

Insulin Effort (Metabolic)

Fasting insulin

Early sensitivity marker

Inflammation

hs-CRP

Systemic tone

Thyroid (Hormonal)

TSH

Basic throttle check

Blood Count

CBC (for lymphocyte/monocyte
ratio)

Immune balance proxy

Total tests: ~8—10. Retest key ones (insulin, HbA1c, hs-CRP, lipids) every 6—12 months.

Standard Panel (Recommended for Most Readers)

Adds Dashboard-specific upgrades for precision.

Category / Dial Impact

Tests

Rationale / Notes

All Minimum +

Advanced Lipids
(Atherogenic)

ApoB, Lp(a) (once lifetime unless
high)

Direct particle count +
genetic constraint

Kidney Reserve (Organ)

Cystatin C (or cystatin C-based
eGFR)

Cleaner filtration estimate

Urine Microalbumin
(Organ/Vascular)

Urine albumin-to-creatinine ratio
(spot urine)

Early microvascular signal
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Liver Detail (Organ)

ALT, AST, GGT

Stress/injury +
alcohol/metabolic flags

Thyroid Detail (Hormonal)

Free T4, free T3

Output signals beyond TSH

Sex Hormones (Hormonal,
men)

Total + free testosterone, SHBG

Core signal + binding
context

Sex Hormones (Hormonal,
women)

Estradiol, progesterone (cycle-
timed if premenopausal)

Lifecycle-dependent

Total tests: ~15—20. Lp(a) once; retest ApoB/insulin/hs-CRP more frequently.

Advanced Panel (Optimization / Mitigation)

For high-risk profiles, stalls, or deep personalization.

Category / Dial Impact

Tests

Rationale / Notes

All Standard +

Thyroid Autoimmune
(Hormonal)

Thyroid peroxidase antibodies

(TPO), thyroglobulin antibodies

Rule out
Hashimoto's/subclinical
issues

Advanced Hormones (men)

LH/FSH, estradiol, prolactin (if
indicated)

Axis context + conversion
flags

Advanced Hormones
(women)

Full panel + FSH (menopause
transition)

Stage-specific
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Adrenal Context (Hormonal) | DHEA-S, morning cortisol Stress chemistry proxies
(saliva/blood)

Inflammation Detail ESR, ferritin (iron storage Additional tone markers
context)
Growth Signaling IGF-1 Context for nutrition/training

(Hormonal/Metabolic)

Optional Audits Vitamin D, B12, folate Common gaps affecting
(deficiency check) multiple dials

Total tests: ~25+. Use selectively; not annual for all.
Interpretation Notes:

o Trends > single values: A “normal” result in isolation means little.

o Dial mapping: Most tests impact multiple dials (e.g., triglycerides — Metabolic +
Atherogenic).

¢ Clinician role: Advanced panels often require ordering/interpreting by a provider familiar
with longevity contexts.

o Direct-to-consumer options: Services bundle similar panels (e.g., "Longevity Panel")—
compare for cost/accuracy.

These panels scale with your stage: start minimum, graduate as needed. Combined with home
metrics (BP, grip, HRV), they give you a complete control system.

Appendix B: Imaging and Functional Testing (When It’s Worth [t)

The Longevity Dashboard prioritizes cheap, repeatable, at-home metrics—but some signals
require devices, functional tests, or imaging. This appendix covers the non-bloodwork tools:
when they add unique value, how to perform/interpret them accurately, and tiered guidance
(Minimum/Home, Standard/Functional, Advanced/Imaging).

General Guidelines:
¢ Trend > snapshot: Repeat under consistent conditions.
o Cost-conscious: Start home-based; escalate only if a dial is drifting or high-risk.
e Accuracy matters: Use validated devices/protocols.
¢ Clinician context: Imaging often requires referral; share trends.

Tests grouped by primary dial impact.
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Minimum/Home-Based (Free or Low-Cost, High Repeatability)

Do these routinely—no lab needed.

Metric / Dial
Impact

How to Measure

Protocol /
Thresholds

When It's Worth It

Blood Pressure
(Vascular)

Validated
oscillometric cuff
(Omron, etc.)

Seated, rested, arm
at heart level, 2-3
readings, same time
daily. Trend over
weeks.

Always—steering signal
for Vascular Age

Grip Strength
(Structural &
Mechanical)

Hand dynamometer
(or scale hack)

3 max efforts each
hand, standing.
Age/sex norms (e.g.,
top 20-30% =
Optimized).

Quarterly—truth dial for
muscle/reserve

Resting Heart Rate
& HRV (Cognitive,
Hormonal,
Recovery)

Wearable (Oura,
Whoop, Apple
Watch) or morning
manual

Morning, rested,
consistent device.
RMSSD >60 ms =
strong reserve.

Daily trend—proxy for
autonomic balance

Waist-to-Height
Ratio (Metabolic,
Atherogenic,
Inflammatory)

Tape measure

Waist at navel /
height. <0.5 =
Optimized.

Monthly—chassis load
proxy

Single-Leg Stance
(Structural &
Mechanical, fall
risk)

Timer, eyes open

Best of 3 tries each

leg. >30 sec = strong.

Quarterly—
balance/independence
predictor

Daily Steps /
Movement Volume

Phone or wearable

7—-10k baseline.

Daily—baseline flow for
multiple dials
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Standard/Functional (Moderate Cost/Effort, Clinic or Gym)

Add these for precision when home metrics suggest drift.

Metric / Dial Impact How to Measure Protocol / When It's Worth
Thresholds It
VO, Max Estimate Submax field test (Cooper | >45-55 mL/kg/min | 6—12 months—

(DEXA or quality BIA)

InBody/InBody-style
device

visceral fat area.

(Structural & Mechanical, | 12-min run, Rockport = excellent engine capacity
Vascular) walk) or wearable (age/sex- audit

algorithm adjusted).
Body Composition DEXA scan or Track lean mass, | Annually if waist-

to-height
elevated or
muscle goals

Balance/Functional Timed Up & Go, 5x sit-to- | TUG <10 sec; sit- | If single-leg
Battery stand to-stand strong stance weak or
reps. fall concern
Sleep Architecture Wearable with stages Efficiency >90%; If subjective
(Oura, Whoop) deep + REM sleep poor
adequate. despite duration
Advanced/Imaging (Higher Cost, Clinician-Guided)
Reserve for high-risk, stalls, or confirmation.
Metric / Dial Impact How to Measure Protocol / When It's Worth It
Thresholds
Bone Density DEXA T-score >-1 = Age 50+, risk
(Structural & (spine/hip/forearm) Optimized; <-2.5 = | factors (family, low
Mechanical, Organ) mitigation weight, steroids)
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Visceral Fat DEXA or CT/MRI Low percentile for If waist-to-height
(Metabolic, visceral fat age/sex = Optimized | elevated but
Atherogenic, quantification weight normal
Inflammatory)

Coronary Calcium Cardiac CT CAC score | 0 = Optimized; >100 | 45+ men/55+
(Atherogenic, high percentile = women with risk
Vascular) mitigation factors

Liver Fat (Organ, Ultrasound or FibroScan | No steatosis = If enzymes
Metabolic) Optimized elevated or

visceral fat high

Arterial Stiffness
(Vascular)

PWV (e.g.,

SphygmoCor) or clinic

device

Lower values better
(age-adjusted)

If BP controlled but
recovery poor

Interpretation Notes:

Home metrics are steering wheels—daily/weekly feedback.
Functional tests bridge home and clinic.

Imaging is audit-grade—occasional confirmation of accumulated drift.

Combine with labs (Appendix A): e.g., high ApoB + CAC >100 = urgent mitigation.

These tools complete the control system: cheap and repeatable for steering, selective and deep
for auditing. Start simple—most progress comes from consistent home trends.

Appendix C: Supplement Appendix (Purpose, Dosing Ranges; Evidence Tiers)

Purpose, Dosing Ranges, Evidence Tiers, and Known Interactions

Supplements are never foundational in the Longevity Dashboard. They support optimised
lifestyle (sleep, training, nutrition) and correct gaps. The book mentions only a handful with
defensible evidence; this appendix consolidates them.

No supplement replaces the master levers (sleep, strength training, Zone 2, nutrition
structure, stress management). If a supplement feels transformative, it is most likely
correcting a deficiency or producing a placebo effect. Test, monitor, and cycle.

Evidence Tiers




These tiers correspond to the evidence hierarchy defined in Chapter 5.

Tier 1 — High Confidence

Strong RCTs and meta-analyses showing benefits in relevant populations; often deficiency
correction. Maps to Levels 1-2 of the Chapter 5 evidence hierarchy.

Tier 2 — Supportive

Consistent but more limited human evidence — typically smaller trials, shorter durations, or
specific subpopulations. Effects are real but context-dependent. Maps to Level 3 of Chapter 5.

Tier 3 — Contextual / Promising

Mechanistic support plus some human data, but insufficient replication or effect size for a
primary recommendation. Use only when foundations are fully stable and with realistic
expectations.

General Guidelines

e Test before supplementing where possible (e.g. vitamin D level, zinc status).
e Food-first where possible.
e Cycle non-essentials; monitor response.

e Always inform your prescribing physician of all supplements you take — see the Known
Interactions field for each entry below.

e Quality matters: use third-party tested products (USP, NSF, ConsumerLab).

Section 1 — Primary Recommended Supplements

These supplements have the strongest evidence base and are appropriate as primary additions
once lifestyle foundations are stable.

Protein (whey, casein, or plant-based)

Purpose / Dial impact: Muscle repair and retention, satiety. Primary dials: Structural &
Mechanical, Metabolic.

Evidence tier: Tier 1 — strong RCT evidence for muscle protein synthesis and retention.
Typical dose: 20—40g post-training; total daily target 1.6—2.2g/kg bodyweight.

Notes / Cautions: Essential if dietary intake is low. Easy to overconsume total calories —
track intake for the first 4 weeks to calibrate.

Known interactions: No significant drug interactions at normal food-equivalent doses.
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Creatine Monohydrate

Purpose / Dial impact: Strength, muscle mass, recovery, cognitive buffer. Primary dials:
Structural & Mechanical, Metabolic.

Evidence tier: Tier 1 — hundreds of RCTs and meta-analyses. Most evidence-backed
ergogenic supplement available.

Typical dose: 3-5g/day. No loading phase required for long-term use.

Notes / Cautions: Safe for healthy kidneys. Hydrate adequately. Raises serum creatinine
— this can falsely suggest kidney impairment on standard lab tests. Always flag creatine use
when interpreting creatinine-based eGFR results.

Known interactions: Caution with NSAIDs — combined renal load stress during intense
exercise. Note the eGFR interpretation issue above when ordering kidney panels.

Vitamin D3 (ideally with K2)

Purpose / Dial impact: Bone health, immune regulation, mood. Primary dials: Structural &
Mechanical, Inflammatory, Hormonal.

Evidence tier: Tier 1 — deficiency correction is well-established. Benefit in replete
individuals is more modest.

Typical dose: 1,000—4,000 IU/day if deficient (serum level below 30 ng/mL). Test levels
before supplementing.

Notes / Cautions: Toxicity is rare but possible at supraphysiological doses. Always test
first. K2 (100 mcg/day) directs calcium to bone rather than arteries.

Known interactions: Caution with thiazide diuretics — combined effect can raise calcium
levels; monitor calcium if taking both at doses above 2,000 |U/day. Caution with digoxin at
high vitamin D doses — hypercalcaemia increases digoxin toxicity risk.

Magnesium (glycinate form preferred)

Purpose / Dial impact: Sleep quality, recovery, blood pressure support. Primary dials:
Vascular, Cognitive, Inflammatory.

Evidence tier: Tier 2 — modest blood pressure and sleep effects in RCT meta-analyses;
strongest in individuals with low dietary magnesium.

Typical dose: 200—-400mg elemental magnesium per day.

Notes / Cautions: Gl tolerance varies; start low and increase gradually. Kidney caution at
high doses — do not self-supplement at high doses if eGFR is below 60.

Known interactions: Impairs absorption of tetracycline and fluoroquinolone antibiotics —
separate doses by at least 2 hours. Impairs absorption of bisphosphonates (e.g.
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alendronate/Fosamax) — separate by at least 2 hours. Loop diuretics increase magnesium
excretion, so supplementation may be especially beneficial but confirm with prescriber.

Omega-3 (EPA + DHA)
Purpose / Dial impact: Triglyceride reduction, systemic anti-inflammation, endothelial
support. Primary dials: Atherogenic, Inflammatory, Vascular.

Evidence tier: Tier 2— RCT evidence for triglyceride reduction and modest blood pressure
effects. Stronger evidence at higher doses and in hypertensive cohorts.

Typical dose: 1-2g EPA+DHA per day for general use. Up to 3—4g/day if triglycerides are
elevated. Fish oil or algae-based.

Notes / Cautions: Check product for rancidity. Algae-based DHA is the best option for
those avoiding fish products.

Known interactions: Additive antiplatelet effect with warfarin, aspirin, and clopidogrel at
doses of 2g/day or above. Monitor INR more frequently if on anticoagulants. Inform
prescriber before starting at therapeutic doses.

Soluble Fiber (psyllium husk, beta-glucan)

Purpose / Dial impact: Glycemic stability, LDL and ApoB reduction, gut integrity. Primary
dials: Metabolic, Atherogenic, Inflammatory.

Evidence tier: Tier 2 — consistent RCT evidence for LDL/cholesterol and glucose
improvement.

Typical dose: 5-10g/day with a full glass of water. Start low to avoid bloating.
Notes / Cautions: Always take with adequate water. Do not take dry.

Known interactions: Slows absorption of virtually all oral medications. Take all other
medications at least 1-2 hours before or 2—4 hours after psyllium.

Section 2 — Supplements Referenced in Dial Chapters

The following supplements are mentioned in the dial-specific chapters (7—14). They are not in
the primary table above because their evidence is more limited, more population-specific, or
more dependent on individual context. They are not discouraged — but they belong after
foundational supplements are established and only when the master levers are stable.

Cognitive Age (Chapter 12)

Lion's Mane Mushroom
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Purpose / Dial impact: Nerve growth factor stimulation, cognitive support. Dial: Cognitive.

Evidence tier: Tier 3 — small early-stage RCTs (n=30-50) suggest improvements in
cognitive scores; not yet replicated at scale in diverse populations. Promising but premature
to claim consistent RCT evidence.

Typical dose: 1,000-3,000mg/day.

Notes / Cautions: Generally well tolerated. Effects take 12—16 weeks to emerge in
available trials.

Known interactions: No significant known drug interactions at typical doses.

Bacopa Monnieri
Purpose / Dial impact: Memory retention and processing speed. Dial: Cognitive.

Evidence tier: Tier 2 (limited populations) — multiple RCTs support cognitive benefits;
most trials are short-term (12 weeks) and conducted in specific populations. Effects in
younger or Western cohorts are less established.

Typical dose: 300—-600mg/day of standardised extract.
Notes / Cautions: Most effects take 6—8 weeks to emerge. Take with food.

Known interactions: Mild cholinergic activity — theoretical caution with anticholinergic
medications.

Magnesium L-Threonate
Purpose / Dial impact: Synaptic density, working memory support. Dial: Cognitive.

Evidence tier: Tier 3 — one small human RCT (n=44) showed cognitive benefits. BBB
penetration advantage over other magnesium forms is demonstrated in animal models but
not definitively confirmed in humans at scale. The 'only form that crosses the blood-brain
barrier' claim should be treated as plausible but not proven in humans.

Typical dose: 1.5-2g/day (provides approximately 140mg elemental magnesium).

Notes / Cautions: More expensive than other magnesium forms. Human evidence is
limited to one small trial to date.

Known interactions: Same interaction profile as magnesium glycinate — see Section 1.

Creatine (for cognitive benefit)
Purpose / Dial impact: Brain energy buffer, working memory, mental fatigue resistance.
Dial: Cognitive.
Evidence tier: Tier 2 (population-specific) — cognitive benefit is most consistent in sleep-
deprived states or in individuals with low dietary creatine intake (vegetarians and vegans).
Evidence in well-nourished individuals with normal sleep is modest.
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Typical dose: 3-5g/day as per primary Structural & Mechanical recommendation.
Notes / Cautions: Same as the primary creatine entry in Section 1.
Known interactions: Same as the primary creatine entry in Section 1.

Hormonal Age (Chapter 14)

Ashwagandha (KSM-66 extract)
Purpose / Dial impact: Cortisol reduction, modest testosterone support. Dial: Hormonal.

Evidence tier: Tier 2 (population-specific) — RCTs show modest testosterone increases
(approximately 10-15%) primarily in men with suboptimal baseline levels or high stress load.
Cortisol reduction evidence is more robust across populations. Effects in healthy men with
normal testosterone levels are less consistent.

Typical dose: 600mg/day of KSM-66 standardised extract.
Notes / Cautions: Most human ftrials are 8—12 weeks. Longer-term data are limited.

Known interactions: May modestly increase thyroid hormone levels — monitor if on
thyroid medication. Additive CNS-depressant effect with benzodiazepines and sedatives.
Immune-modulating activity — caution with immunosuppressants.

Tongkat Ali (Eurycoma longifolia)
Purpose / Dial impact: Modest testosterone support, SHBG reduction. Dial: Hormonal.

Evidence tier: Tier 2 (limited, some industry-linked) — multiple RCTs show modest
testosterone increases; most trials are small (n=25-60), short-duration, and some are
industry-sponsored. Independent replication is limited. Most evidence is in men over 40.

Typical dose: 400mg/day of standardised extract.

Notes / Cautions: Use standardised extracts from reputable manufacturers. Avoid
unstandardised products.

Known interactions: May mildly lower blood pressure — caution if on antihypertensives.
Discuss with physician if on hormone therapy or prostate-related medications.

Zinc + Copper (balanced)
Purpose / Dial impact: Testosterone synthesis co-factor. Dial: Hormonal.

Evidence tier: Tier 2 (deficiency-first) — zinc deficiency correction raises testosterone,
which is well established. Supplementing zinc in non-deficient individuals has weaker
evidence for further testosterone benefit. Always test zinc levels before supplementing.

Typical dose: 15-25mg zinc with 1-2mg copper per day. Maintain approximately 10:1 zinc-
to-copper ratio.
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Notes / Cautions: Do not supplement zinc without balancing with copper — excess zinc
depletes copper over time.

Known interactions: Impairs absorption of tetracycline and fluoroquinolone antibiotics —
separate doses by at least 2 hours. Chelates penicillamine — avoid combining.

Atherogenic Age (Chapter 9)

Red Yeast Rice
Purpose / Dial impact: LDL and ApoB reduction. Dial: Atherogenic.
Evidence tier: Tier 2 — contains naturally occurring lovastatin. LDL and ApoB reduction
evidence is real and clinically meaningful. Requires physician oversight equivalent to statin
therapy.
Typical dose: 1,200-2,400mg/day.
Notes / Cautions: Requires the same monitoring as prescription statin therapy — periodic
liver enzymes and CK if muscle symptoms develop.

A Do not combine with prescription statins — significant risk of severe myopathy.
Contraindicated with cyclosporine. Caution when combining with niacin — both raise
liver enzymes; liver monitoring required. This supplement requires physician
oversight equivalent to a prescription statin.

Bergamot Extract

Purpose / Dial impact: LDL and ApoB reduction via HMG-CoA reductase inhibition. Dial:
Atherogenic.

Evidence tier: Tier 3 — emerging evidence from small RCTs; most trials are small and
independent replication is limited. Promising but not yet ready for a broad primary
recommendation.

Typical dose: 500-1,000mg/day.

Notes / Cautions: Do not use as a substitute for clinician-guided lipid management if ApoB
is significantly elevated.

Known interactions: Inhibits CYP3A4 — potential interactions with statins and other
CYP3A4-metabolised drugs. Inform prescriber before use.

Niacin (Vitamin B3)
Purpose / Dial impact: HDL raising, triglyceride reduction. Dial: Atherogenic.

Evidence tier: Tier 2 (narrow indication only) — raises HDL and lowers triglycerides in
isolation. However, the large RCTs AIM-HIGH and HPS2-THRIVE showed no additional
cardiovascular benefit when niacin was added to statin therapy, and adverse events
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including stroke risk increased. Use only under physician guidance for specific lipid patterns
where statins are not tolerated. Not recommended as a general cardiovascular supplement.

Typical dose: 500-1,000mg/day under physician supervision. Flush-free forms have
weaker evidence.

Notes / Cautions: High-dose niacin impairs insulin sensitivity — monitor glucose if diabetic
or pre-diabetic. Liver enzyme monitoring required at therapeutic doses.

Known interactions: Additive muscle risk when combined with statins — use only under
physician oversight. Pre-medicating with 325mg aspirin 30 minutes before niacin
substantially reduces flushing. Impairs insulin sensitivity at therapeutic doses — more
frequent glucose monitoring required if on diabetes medication.

Inflammatory Age (Chapter 10)

Curcumin (with piperine or lipid formulation)
Purpose / Dial impact: Systemic anti-inflammatory support. Dial: Inflammatory.

Evidence tier: Tier 2 — anti-inflammatory effects demonstrated in RCTs; effect sizes are
modest and bioavailability varies significantly by formulation. Bioavailability is the primary
challenge — piperine or lipid-based formulations are required for meaningful absorption.
Does not have equivalent anti-inflammatory effect to NSAIDs in controlled trials.

Typical dose: 500-1,000mg/day of a bioavailability-enhanced formulation.

Notes / Cautions: Standard curcumin powder without a bioavailability enhancer has poor
absorption. Use piperine-enhanced or phytosome formulations.

Known interactions: Anticoagulant activity — additive with warfarin and antiplatelet drugs;
monitor INR. Inhibits CYP3A4 — potential interactions with chemotherapy agents; consult
oncologist before use. Modest glucose-lowering effect — monitor if on diabetes medication.

Omega-3 (EPA + DHA) — high dose for inflammation
Purpose / Dial impact: Systemic anti-inflammatory. Dial: Inflammatory.

Evidence tier: Tier 2 — as per Section 1 primary entry. Evidence is stronger for triglyceride
reduction; anti-inflammatory effects on hs-CRP are consistent but modest.

Typical dose: 3-4g EPA+DHA per day for inflammatory support.
Notes / Cautions: See primary omega-3 entry in Section 1.
Known interactions: See primary omega-3 entry in Section 1.

Organ Age (Chapter 11)

N-Acetyl Cysteine (NAC)
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Purpose / Dial impact: Glutathione precursor; hepatoprotective and nephroprotective. Dial:
Organ.

Evidence tier: Tier 2 (context-specific) — strong evidence in specific clinical contexts
(contrast nephropathy prevention, acetaminophen toxicity). Evidence for general longevity
supplementation in healthy individuals is weaker.

Typical dose: 600-1,200mg/day.

Notes / Cautions: Avoid high doses if eGFR is significantly reduced — discuss with
physician before use if kidney function is compromised.

Known interactions: No significant interactions at standard doses in healthy individuals.

Berberine

Purpose / Dial impact: Hepatic inflammation reduction, NAFLD support, glucose lowering.
Dial: Organ, Metabolic.

Evidence tier: Tier 2 — RCTs show reduction in hepatic inflammation and fat accumulation
in NAFLD. Significant glucose-lowering effect via AMPK pathway.

Typical dose: 500mg twice daily with meals.

Notes / Cautions: Avoid if eGFR is below 30 without physician guidance. Start at a lower
dose if Gl side effects occur.

Known interactions: Significant glucose-lowering effect — additive with metformin; risk of
hypoglycaemia; monitor closely. Inhibits CYP2C9 — elevates warfarin levels; monitor INR.
Inhibits CYP3A4 — significantly increases cyclosporine levels; avoid combination.

Milk Thistle (silymarin)
Purpose / Dial impact: Liver protection, ALT reduction. Dial: Organ.

Evidence tier: Tier 2 — hepatoprotective effects; reduces ALT in RCTs of NAFLD patients.
Modest but consistent evidence.

Typical dose: 300-600mg/day.

Notes / Cautions: Generally well tolerated. Most benefit observed in individuals with
elevated liver enzymes rather than those with normal baseline liver function.

Known interactions: May inhibit CYP enzymes at high doses — theoretical interactions
with some medications at standard doses are generally mild and well tolerated.

Section 3 — Not Recommended as Primary Levers

The following categories lack sufficient human outcomes evidence for a primary
recommendation, carry meaningful risk-to-benefit uncertainty, or are better addressed through
clinical channels:
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e Most over-the-counter testosterone boosters: sparse, unreplicated human evidence;
many contain undisclosed active compounds.

e NAD precursors (NMN, NR): mechanistically interesting; human longevity outcomes not
yet established in RCTs.

e Rapamycin and rapamycin analogs: meaningful lifespan data in animal models;
immunosuppressive effects and lack of long-term human safety data make self-
administration inappropriate outside supervised clinical trials.

e Exotic peptides (BPC-157, TB-500, etc.): no robust human RCT evidence; regulatory
status is uncertain in most jurisdictions.

e Multivitamins: minimal benefit in well-nourished individuals; identify and correct specific
deficiencies instead.

e High-dose antioxidants (vitamin E, beta-carotene at supraphysiological doses): some
meta-analyses suggest potential harm at high doses; food-first approach is preferred.

Supplement information is for educational purposes only and does not constitute medical
aadvice. Always inform your prescribing physician of all supplements you take, particularly if you
are on anticoagulants, statins, diabetes medications, thyroid medications, or
immunosuppressants. Interaction alerts are general guidance and are not a substitute for
clinical review. Evidence in this field evolves — check for updates as new trials emerge.

Appendix D: Biohack ROI Table (Cost; Effort; Evidence; Expected Impact)

Biohacks are tools for measurement, compliance, or marginal recovery—not foundational
levers. The Dashboard mentions them sparingly because most have low expected impact
relative to sleep, training, nutrition, and stress management. This table evaluates common ones
referenced (or contrasted) in the book using:

e Cost: Low (<$100/year), Medium ($100-500/year), High (>$500/year or one-time).

e Effort: Low (minimal time/disruption), Medium (routine integration), High (significant
time/risk).

o Evidence Tier: High (strong RCTs/meta-analyses), Supportive (consistent but modest
data), Low (observational/mechanistic/anecdotal).

o Expected Impact: High (moves multiple dials reliably), Medium (modest/contextual),
Low (marginal or variable).

Prioritize foundations first. Biohacks shine only when basics are stable.
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Biohack Primary Dial Cost | Effort | Evidenc | Expect Notes /
Impact e Tier ed When
Impact | Worth It
Morning/Evening | Circadian/sleep Low Low High Medium | Anchors
Light (Hormonal, -High rhythm;
Management Cognitive, free/high
Inflammatory) ROI.
Always
worth it.
Breathwork/Down | Stress reduction Low Low- Supporti | Medium | Reduces
shift Protocols (Hormonal, Mediu | ve sympatheti
Cognitive, m c tone; 5-
Inflammatory) 15 min/day
if chronic
stress.
Wearables Recovery proxies | Mediu | Low Supporti | Medium | Trend
(HRV/Sleep (Cognitive, m ve data, not
Tracking) Hormonal, Organ) absolutes.
Useful for
feedback
loops.
Post-Meal Glycemic stability | Low Low High Medium | Blunts
Walking (10-15 (Metabolic, spikes;
min) Vascular) minimal
cost—
integrate
as habit.
Temporary CGM | Pattern recognition | Mediu | Mediu | Supporti | Medium | Education
Use (Metabolic) m-High | m ve tool (1-3
months);
avoid
chronic
anxiety.
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Sauna (Repeated | Recovery/condition | Mediu | Mediu | Supporti | Low- If recovery-
Heat Exposure) ing (Vascular, m-High | m ve Medium | positive
Inflammatory) and
hydrated;
observatio
nal
benefits.
Cold Exposure Recovery/resilienc | Low- Mediu | Low Low Variable
(Plunge/Shower) | e (Inflammatory, Mediu | m-High response;
Cognitive) m stress-
amplifying
for some—
test
carefully.
Red Light Recovery/inflamma | High Mediu | Low Low Mixed
Therapy tion (Inflammatory, m data;
Structural) marginal
over
foundation
S.
Hyperbaric Recovery/organ High High Low Low Expensive;
Oxygen (Organ, Cognitive) limited
longevity
evidence.

Key Takeaways:

« High-ROIl biohacks are cheap, low-effort, and evidence-backed (light, breathwork,

walking).

e Low-ROl are costly, variable, or hype-driven—save money/time for foundations.
e Rule: Only add if foundations are ~80% consistent and it improves recovery (not adds

stress).

o Evidence is often observational or small-RCT; benefits rarely exceed
sleep/training/nutrition.

Biohacks are accessories—nice when useful, unnecessary when not. Focus on the master
levers for 90% of gains.
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Appendix E: Pharmacology Primer (Clinician-Supervised)

The Longevity Dashboard prioritizes lifestyle levers—sleep, training, nutrition, stress reduction—
because they have broad, multi-dial impact with minimal downside when applied correctly.
Pharmacology enters the picture only when those foundations are stable, a high-stakes dial
remains Older despite optimization, and risk justifies intervention.

These are powerful actuators: they can rapidly shift dials (e.g., ApoB reduction, blood pressure
control) that lifestyle alone may not fully resolve, especially with genetic constraints or
accumulated burden. But power comes with tradeoffs—side effects, interactions, monitoring
needs, and occasional regressions if discontinued.

Core principles in this book:

e Pharmacology is never foundational; earn it with proven lifestyle consistency.

e Always clinician-supervised: dosing, monitoring, and adjustments require professional
oversight.

o Use as targeted tools: match the drug class to the specific drifting dial.

e Monitor Dashboard trends closely: verify phenotypic improvement (e.g., retest ApoB, BP
trend) and watch for tradeoffs (e.g., statin-related insulin drift).

e Evidence threshold: Only classes with strong human outcomes trials (RCTs for CV
events, mortality, or hard endpoints) are detailed here.

This primer is not medical advice or a prescribing guide. It summarizes common, guideline-
supported applications relevant to the Dashboard, with practical monitoring checklists, side-
effect flags, and follow-up schedules. Share your Dashboard data with your clinician for context.

1. Lipid-Lowering Therapies (Primary: Atherogenic Age; Secondary: Vascular, Inflammatory)

Rationale: ApoB-driven atherosclerosis is causal for CV events (Mendelian randomization +
outcomes trials like FOURIER, ODYSSEY). Lifestyle lowers ApoB modestly (~10—-30 mg/dL);
pharmacology enables deeper reductions in high-risk profiles (e.g., elevated ApoB + plaque).

Common classes:

Statins (e.g., atorvastatin, rosuvastatin): First-line; reduce ApoB 30—60%.
Ezetimibe: Additive ~20% ApoB reduction.

PCSKQ inhibitors (evolocumab, alirocumab): ~50—70% reduction; injectable.
Bempedoic acid: Oral alternative for statin-intolerant.

Monitoring Checklist (Baseline + Follow-Up)

Timing Tests/Checks Purpose

Baseline Full lipid panel (ApoB, Lp(a)), liver enzymes Rule out contraindications
(ALT/AST), CK if muscle concerns
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4-12 weeks | ApoB, liver enzymes, symptoms (muscle pain, | Titrate dose; confirm
fatigue) response

Every 6-12 ApoB trend, hs-CRP (context), glucose/insulin | Verify sustained benefit;

months (statin drift watch) tradeoff detection
Annual Optional repeat imaging (CAC progression if | Long-term audit
baseline >0)

Side-Effect Flags (Stop/Consult Immediately):
e Unexplained muscle pain/weakness (rhabdomyolysis rare but serious).
e Liver enzymes >3x upper limit.
o New/worsening insulin resistance symptoms (monitor Metabolic Age).

Follow-up: Every 3—6 months initially, then annual if stable.

2. Antihypertensive Therapies (Primary: Vascular Age)

Rationale: Intensive BP control (<120—-130 systolic in high-risk) reduces events/mortality
(SPRINT ftrial). Lifestyle lowers BP ~10-20 mmHg; meds enable tighter control.

Common classes:

ACE inhibitors/ARBs (e.g., lisinopril, losartan): Vessel-protective; first-line for many.
Calcium channel blockers (amlodipine).

Thiazide diuretics (hydrochlorothiazide).

Combinations common.

Monitoring Checklist

Timing Tests/Checks Purpose

Baseline Home BP trend, electrolytes, kidney function | Baseline reserve
(eGFR, creatinine)

2—4 weeks Home BP trend, electrolytes (potassium), Dose adjustment; orthostatic
symptoms (dizziness) check
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Every 3-6 BP trend, eGFR, electrolytes Organ Age protection;
months electrolyte balance
Annual Full Dashboard retest (vascular + organ Confirm no silent drift

dials)

Side-Effect Flags:

o Persistent cough (ACEi).
e Hyperkalemia or acute kidney injury.
e Ankle swelling (CCBs).

Follow-up: Frequent initially (weekly BP logs), then every 3—6 months.

3. Metabolic Therapies (Primary: Metabolic Age; Secondary: Atherogenic, Inflammatory)

Rationale: GLP-1/GIP agonists (semaglutide, tirzepatide) improve insulin sensitivity, reduce
visceral fat, and have CV/kidney benefits (STEP, SELECT, SURPASS ftrials).

Common agents:

o Semaglutide (Ozempic/Wegovy), tirzepatide (Mounjaro).

Monitoring Checklist

Timing Tests/Checks Purpose
Baseline Fasting insulin/HbA1c, weight/waist, Gl Starting point
symptoms
4-12 weeks Weight, insulin/HbA1c, waist-to-height Response + tolerance
Every 3-6 Metabolic panel, symptoms (nausea, Sustain gains; side-effect
months gallbladder) watch
Annual Retest full Metabolic/Atherogenic dials Composite shift verification

170




Side-Effect Flags:
o Severe Gl (nausea, vomiting, pancreatitis risk).
e Muscle loss if not training (pair with strength protocol).
e Thyroid concerns (rare tumors in rodents).

Follow-up: Every 3 months initially.

4. Hormone Replacement Therapies (Primary: Hormonal Age)

Rationale: True deficiency (hypogonadism, hypothyroidism, menopause) impairs multiple dials;
replacement restores signal integrity (endocrine society guidelines).

Common:
o Testosterone replacement (men: gels, injections).
e Thyroid (levothyroxine).

e Estrogen/progesterone (women: menopause).

Monitoring Checklist (Example: TRT in Men)

Timing Tests/Checks Purpose
Baseline Total/free T, LH/FSH, PSA, hematocrit | Confirm deficiency
3—6 months Free T (trough), hematocrit, PSA, Titrate; safety

symptoms
Every 6-12 Full panel + prostate exam, sleep/HRV | Tradeoff watch (e.g.,
months erythrocytosis)

Side-Effect Flags:
e Hematocrit >54% (clot risk).
e PSArrise or prostate symptoms.
e Mood/sleep worsening (over-replacement).

Follow-up: Every 3—6 months first year, then annual.

5. Experimental Longevity Compounds (Enthusiast/Off-Label Use)

A subset of compounds has gained popularity based primarily on mouse studies from the NIA
Interventions Testing Program (ITP)—rigorous, multi-site lifespan testing.
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Notable examples:

o Rapamycin (mTOR inhibitor): ~10—-20% lifespan extension in mice; immune/metabolic
benefits. Human data: small trials (biomarkers); off-label risks include
immunosuppression, dyslipidemia.

e Acarbose: ~15-20% in male mice (glucose absorption alteration). Diabetes-approved;
off-label Gl-heavy.

e 17a-Estradiol: 12-19% male-specific lifespan extension; metabolic/inflammatory effects
without feminization. Human: tiny tolerability pilot only.

e SGLT2 inhibitors (off-label extension): Strong approved cardio-renal data; longevity
interest unproven in RCTs.

These align mechanistically with Dashboard dials but remain low-confidence (Tier 3—4
evidence): strong animal, sparse human outcomes. Risks often nontrivial; no clear steering
signals.

If exploring: Mandatory clinician oversight + rigorous Dashboard monitoring for personal
response/tradeoffs. Await larger human trials.

Bottom Line
Pharmacology amplifies the Dashboard when needed—but only under guidance. Prioritize

reversible lifestyle first; use drugs to close gaps, not shortcut foundations. Track phenotypic
dials religiously: improvement must be verifiable.

Appendix F: Glossary

This glossary provides concise definitions for key terms, concepts, metrics, and tools used
throughout Engineering Longevity: The Longevity Dashboard. Terms are listed alphabetically
and defined in the context of the book's engineering framework—treating aging as a
measurable, controllable system. Cross-references to related terms are included where helpful.
12-Week Engineering Cycle

The repeatable core process: Measure dashboard state — Apply prioritized levers — Retest
after 12 weeks — Adjust based on data. The foundation of verifiable, iterative progress.

Actuators

Controllable inputs (levers) that change system state, such as sleep timing, strength training, or
nutrition structure.

Advanced Dashboard

Higher-precision, higher-cost layer of metrics (e.g., CAC, DEXA, cystatin C, PWV) added
selectively for stalls, high-risk profiles, or optimization.

Aficionado Level

The optimization-tier protocol stack for readers with mostly Younger dials, incorporating fine-
tuning, periodic audits, and marginal gains.
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Anabolic vs Catabolic Balance

The hormonal/environmental shift between building (anabolic: muscle preservation, recovery)
and breaking down (catabolic: stress-driven loss); relevant to Hormonal and Structural &
Mechanical Age.

ApoB (Apolipoprotein B)

The primary protein marker on atherogenic particles; the single best proxy for LDL particle
number and long-term plaque deposition risk.

Atherogenic Age

One of the eight dials; represents plaque deposition risk from particle burden (ApoB, Lp(a)) and
retention environment (blood pressure, inflammation).

Audit Metrics

Slower-evolving, often clinic-based tests (e.g., CAC score, DEXA, PWV) used for periodic
confirmation of accumulated drift or progress—not daily steering.

Autonomic Regulation

Balance of sympathetic/parasitic nervous system tone; proxied by HRV and sleep architecture;
key to Cognitive and Hormonal Age.

Beginner Level

Entry-tier protocol stack focused on foundational rebuild (sleep, daily movement, basic strength,
nutrition) for readers starting with multiple Older or On-Par dials.

Biological Age

Multi-dimensional composite from the eight phenotypic dials; contrasts with single-number
epigenetic clocks.

CAC (Coronary Artery Calcium) Score

CT imaging audit of calcified plaque in coronary arteries; strong predictor of cardiovascular
events and accumulated atherogenic burden.

Cognitive Age

One of the eight dials; evaluates memory, attention, executive function, mood stability, and
recovery capacity (via HRV/sleep).

Common Denominators

The small set of master levers (sleep stability, strength training, Zone 2, visceral fat reduction,
stress reduction, nutrition foundations, daily movement) that positively impact multiple dials.

Control System
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The book's central framing of aging: a dynamic process with states (dials), sensors (metrics),
actuators (levers), set points, and feedback loops.

Cystatin C

Sensitive blood marker for kidney filtration reserve; preferred over creatinine for Organ Age
eGFR estimation.

DEXA (Dual-Energy X-ray Absorptiometry)
Imaging audit for bone density, lean mass, and visceral fat; key for Structural & Mechanical Age.
Dial

One of the eight measurable subsystems of biological age; designed to be actionable and semi-
independent.

eGFR (estimated Glomerular Filtration Rate)

Measure of kidney filtration capacity; cystatin C-based version preferred for accuracy in Organ
Age.

Endothelial Function

The vascular lining's ability to dilate, produce nitric oxide, and maintain low-friction flow; early
driver of Vascular Age drift.

Epigenetic Clocks

DNA methylation-based models (e.g., Horvath, GrimAge, DunedinPACE) predicting
chronological age or mortality; useful as occasional composite audits but not steerable.

Feedback Loops

Self-reinforcing cycles in the system (e.g., poor sleep — insulin resistance — worse sleep);
breaking destructive loops is a high-ROI strategy.

HbA1c

Three-month average blood glucose exposure; steering metric for glycemic control in Metabolic
Age.

Healthspan

The primary product: years of high function, independence, energy, cognition, mobility, and
resilience—not mere lifespan.

HOMA-IR

Calculated index of insulin resistance from fasting insulin and glucose; early Metabolic Age
marker.
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Hormonal Age

One of the eight dials; assesses signal integrity across sex hormones, thyroid axis, cortisol
rhythm, and anabolic/catabolic balance.

HRV (Heart Rate Variability)

Beat-to-beat variation reflecting autonomic balance and recovery capacity; steering proxy for
Cognitive, Hormonal, and Inflammatory Age.

hs-CRP (high-sensitivity C-reactive protein)
Primary steering marker for chronic low-grade inflammatory tone (inflammaging).
IGF-1 (Insulin-like Growth Factor 1)

Anabolic signaling hormone; interpreted in context (not targeted directly) for Metabolic and
Hormonal Age.

Inflammaging

Age-related chronic low-grade inflammation that interferes with repair and accelerates other
dials.

Inflammatory Age

One of the eight dials; tracks systemic noise floor from immune activation, gut integrity, and
chronic irritants.

Intermediate Level

Mid-tier protocol stack adding Zone 2, direct stress reduction, and body composition focus for
performance and deeper risk reduction.

Lever

Any controllable input (lifestyle, training, nutrition, etc.) that moves one or more dials; prioritized
via Leverage Ladder.

Leverage Ladder

Sequenced hierarchy of levers ranked by ROI, risk, and multi-dial impact; climb from
foundations upward.

Lp(a) (Lipoprotein(a))

Genetically fixed atherogenic particle; measure once as a constraint variable in Atherogenic
Age.

Margin

Functional reserve that allows adaptation to stress without failure; the true goal over "youth."
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Master Levers

Synonym for common denominators—the highest-ROI inputs moving nearly all dials.
Metabolic Age

One of the eight dials; measures insulin effort, glucose volatility, and fuel-processing efficiency.
Minimum Viable Dashboard

Low-cost starter set of accessible, high-signal metrics (home BP, grip strength, basic labs) for
immediate steering.

Older / On-Par / Younger

Three-state scoring per dial: Younger (reserve beyond chronological expectation), On-Par (age-
appropriate), Older (drift ahead of calendar age).

Organ Age

One of the eight dials; evaluates silent reserve in kidney filtration, liver clearance, and structural
integrity.

Phenotypic Markers

Direct functional outputs (e.g., BP trend, strength, VO, max) prioritized for actionability over
molecular/omics data.

Pulse Wave Velocity (PWV)
Measure of arterial stiffness; audit metric for Vascular Age structural drift.
Red Flags

Symptoms or metrics signaling need to pause experimentation and seek clinician input (e.g.,
chest pain, abnormal enzymes).

Reserve

Excess capacity in strength, cognition, organ function, etc.; enables resilience and prevents
tipping points.

Sensors
Measurement tools (metrics) that reveal system state.
Set Points

Baseline defaults the body returns to (e.g., typical BP, fasting insulin, weight); sustainable
change targets these via repeated inputs.

Stability
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Low volatility in glucose, mood, recovery, and pressure; prevents accumulated damage.
Steering Metrics

Fast-feedback, repeatable measures (e.g., home BP trend, fasting insulin, waist-to-height) for
week-to-week control.

Structural & Mechanical Age

One of the eight dials; encompasses muscle strength, bone density, VO, max, balance, gait,
and mobility—core to independence.

Telemetry

Ongoing measurement of system outputs; essential for control (e.g., home trends vs occasional
labs).

Tradeoffs

Conflicts where improving one dial impacts another (e.g., aggressive deficit — fat loss but
hormonal crash); detected and managed via sequencing.

Vascular Age

One of the eight dials; tracks pressure load, arterial stiffness, endothelial function, and plaque
environment.

Visceral Fat

Deep abdominal fat surrounding organs; high-leverage reduction target impacting Metabolic,
Inflammatory, Atherogenic, and Hormonal Age.

VO, max

Maximal aerobic capacity; primary "engine" metric for Structural & Mechanical Age and overall
reserve.

Zone 2

Moderate-intensity aerobic training (conversational pace, lactate threshold ~2 mmol/L); high-
ROI master lever for mitochondrial, vascular, and recovery benefits.

This glossary serves as a quick-reference companion while running cycles. Terms evolve with
science—revisit as your dashboard data refines your understanding.
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Appendix G: Study Summary Tables by Chapter

This appendix summarizes the highest-confidence studies shaping each dial and foundational
chapter. Tables focus on consensus-level evidence (RCTs, meta-analyses, large cohorts) that
inform metrics, levers, and thresholds. Columns include:

Study/Trial (year, lead author/group)

Design & Population

Key Finding

Relevance to Dashboard (dial/lever justified)

Full references with DOls are in Appendix H.

Chapter 7: Vascular Age (Blood Pressure, Stiffness, Endothelial Function, Plaque Risk)

Study/Trial Design & Key Finding Relevance to
Population Dashboard
SPRINT (2015) RCT; 9,361 Intensive BP control (<120 | Justifies aggressive home

high-risk adults

systolic) reduced CV
events/mortality vs
standard (<140)

BP steering (<115/75
Younger threshold);
pressure load as actuator

Vlachopoulos
meta-analysis
(2010)

Meta-analysis;
15,877
participants

Each 1 m/s increase in
PWYV associated with 14—
15% higher CV risk

PWYV as audit for
stiffness; structural drift
predictor

Ben-Shlomo Individual PWYV independently Reinforces stiffness as
meta-analysis participant predicts CV events/all- lagging indicator
(2014) meta; 17 cause mortality

cohorts
Ras review Systematic Endothelial dysfunction Endothelial health via
(2013) review of FMD | early on atherosclerosis levers (Zone 2, sleep)

studies

pathway

DASH (1997) &
DASH-Sodium
(2001)

RCTs; adults
with elevated
BP

Potassium-rich, low-
processed diet lowers BP
significantly

Nutrition foundations as
vascular lever
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Chapter 8: Metabolic Age (Insulin, Glucose Control, IGF-1 Context)

Study/Trial

Design & Population

Key Finding

Relevance to
Dashboard

Broussard (2012)

Experimental sleep
restriction; healthy
adults

Short sleep impairs
insulin signaling in
adipocytes

Sleep as master lever
for insulin effort

Strasser meta-
analysis (2010)

Meta-analysis;
resistance training in
metabolic syndrome

Strength training
improves insulin
sensitivity

Muscle mass/strength
as primary glucose
sink

San-Millan &
Brooks (2018)

Review of metabolic
flexibility

Zone 2 enhances
mitochondrial
efficiency and fat
oxidation

Zone 2 base for
glycemic stability

DiPietro (2013)

RCT; older adults at
risk

Short post-meal walks
improve 24-hr
glucose control

Daily movement/post-
meal walks as lever

STEP 1 (2021),
SELECT (2023),
SURPASS (2022)

RCTs; obesity/diabetes
populations

GLP-1/GIP agonists
reduce weight,
HbA1c, CV events

Clinician-guided
option for severe
resistance

Chapter 9: Atherogenic Age (ApoB, Lp(a), Plaque Burden)

Study/Trial

Design & Population

Key Finding

Relevance to
Dashboard

Ference (2017)

Mendelian
randomization; large
genetic cohorts

LDL/ApoB causally drives

atherosclerosis

ApoB as primary
particle burden
proxy
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Detrano/MESA Multi-ethnic cohort; CAC strongly predicts CAC as

(2008) 6,814 adults coronary events beyond accumulated
traditional risks damage audit

Budoff MESA Longitudinal; CAC Progression of CAC Serial CAC for

(2013) progression tracked predicts incident CHD trajectory in high-

risk

FOURIER (2017)

RCT; 27,564 post-
event patients

Evolocumab (PCSK9i)
lowers ApoB and CV
outcomes

Clinician-guided
particle-lowering
efficacy

ODYSSEY
OUTCOMES
(2018)

RCT; 18,924 post-
ACS patients

Alirocumab reduces
events in high-risk

Reinforces ApoB
control in mitigation

Chapter 10: Inflammatory Age (hs-CRP, Immune Tone, Gut-Driven)

Study/Trial Design & Key Finding Relevance to
Population Dashboard
Ridker/JUPITER RCTs; high CRP | Lowering inflammation hs-CRP as

(2008) & CANTOS
(2017)

populations

(statin/canakinumab)
reduces CV events

steerable tone
marker; residual
risk

Meier-Ewert (2004)

Experimental

Sleep restriction elevates

Sleep as primary

sleep loss CRP anti-inflammatory
lever
Pedersen & Saltin Review/meta- Moderate exercise anti- Dose-matched
(2015) analyses inflammatory; excessive can | training (Zone

elevate

2/strength)
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COLCOT (2019)

RCT; post-Ml
patients

recurrent events

Low-dose colchicine reduces

Clinician option for
residual
inflammatory risk

Chapter 11: Organ Age (Kidney/Liver Reserve)

Study/Trial

Design &
Population

Key Finding

Relevance to
Dashboard

Shlipak (2006)

Cohort; cystatin C
vs creatinine

Cystatin C superior predictor
of CV/kidney outcomes

Preferred eGFR for
reserve margin

Younossi meta
(2018)

Global
NAFLD/NASH
burden

Fatty liver strongly tied to
metabolic/inflammatory drift

Liver context via
enzymes/imaging

SPRINT CKD
sub-analysis
(2017)

RCT sub-group

Intensive BP control slows
kidney decline

BP as organ
protection lever

Chapter 12: Cognitive Age (Memory, Executive Function, Recovery)

Study/Trial Design & Population Key Finding Relevance to
Dashboard
Lim & Dinges Meta-analysis short- Sleep loss impairs Sleep/HRYV as

meta (2010)

term sleep deprivation

attention/executive function

recovery proxies

Colcombe & RCT/meta; aerobic Fitness improves cognitive Zone 2 for
Kramer (2003) training in older adults | performance resilience
Thayer (2009) Review HRYV linked to cognitive Autonomic

regulation

balance steering
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Chapter 13: Structural & Mechanical Age (Muscle, Bone, VO, max, Balance)

(2009)

cardiorespiratory
fitness

quantitatively reduces
mortality

Study/Trial Design & Key Finding Relevance to
Population Dashboard
Leong/PURE Prospective cohort; | Grip strength strong Grip as
(2015) 140k adults predictor of all-cause/CV | independence/reserve
mortality proxy
Kodama meta | Meta; Higher VO, max Engine capacity as core

metric

Ashwell meta
(2012)

Review

Waist-to-height superior
to BMI/WC for risk

Chassis load proxy

Chapter 14: Hormonal Age (Sex Hormones, Thyroid, Cortisol)

Relevance to

Study/Trial

Design & Population

Key Finding

Dashboard

Leproult & Van Cauter
(2011)

Experimental sleep
restriction; young men

1 week short sleep
lowers testosterone

Sleep as signal
integrity lever

Society (2010)

confirmed
hypogonadism

Kraemer & Ratamess | Review Resistance training Strength for

(2005) supports anabolic hormonal balance
signaling

Bhasin/Endocrine Guidelines TRT benéeficial in Clinician pathway

for deficiency

These tables highlight the evidence backbone—prioritizing human outcomes over
animal/speculative data. For deeper dives, see Appendix H.
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Appendix H: KEY SUPPORTING REFERENCES

This appendix compiles the primary references cited conceptually across the dial chapters (7—
14). These are consensus-level sources—maijor trials, cohorts, and meta-analyses—that inform
the dashboard's design, metrics, levers, and calibration thresholds. Full bibliographic details are
provided where possible (DOls preferred for access). References are organized by chapter for
clarity.

Foundational Cohorts (Risk Prediction Context)
» Bild DE, et al. Multi-Ethnic Study of Atherosclerosis: objectives and design. Am J Epidemiol.

2002.
DOI: https://doi.org/10.1093/aje/kwf113

Blood Pressure (Intensive Control)

* SPRINT Research Group. A Randomized Trial of Intensive versus Standard Blood-Pressure
Control. N Engl J Med. 2015.

DOI: https://doi.org/10.1056/NEJMoa1511939

PubMed: https://pubmed.ncbi.nim.nih.gov/26551272/

Full text: https://www.nejm.org/doi/full/10.1056/NEJMoa1511939

Arterial Stiffness / PWV (Independent Risk Marker)

* Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of cardiovascular events and all-
cause mortality with arterial stiffness: a systematic review and meta-analysis. J Am Coll Cardiol.
2010.

DOI: hitps://doi.org/10.1016/j.jacc.2009.10.061

* Ben-Shlomo Y, et al. Aortic pulse wave velocity improves cardiovascular event prediction: an
individual participant meta-analysis. J Am Coll Cardiol. 2014.
DOI: https://doi.org/10.1016/j.jacc.2013.09.063

Endothelial Function (Early, Modifiable Step)

* Ras RT, Streppel MT, Draijer R, Zock PL. Flow-mediated dilation and cardiovascular risk
prediction: a systematic review. Atherosclerosis. 2013.

DOI: https://doi.org/10.1016/j.atherosclerosis.2012.12.038 (representative review; broader FMD
literature supports early role)

Atherosclerosis Detection (CAC) — “Damage Audit”

* Detrano R, et al. Coronary Calcium as a Predictor of Coronary Events in Four Racial or Ethnic
Groups. N Engl J Med. 2008.

DOI: hitps://doi.org/10.1056/NEJMo0a072100

Full text: https://www.nejm.org/doi/full/10.1056/NEJMoa072100

* Budoff MJ, et al. Progression of Coronary Calcium and Incident Coronary Heart Disease
Events: MESA. J Am Coll Cardiol. 2013.
DOI: hitps://doi.org/10.1016/j.jacc.2012.12.035
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https://pubmed.ncbi.nlm.nih.gov/26551272/?referrer=grok.com
https://www.nejm.org/doi/full/10.1056/NEJMoa1511939?referrer=grok.com
https://doi.org/10.1016/j.jacc.2009.10.061?referrer=grok.com
https://doi.org/10.1016/j.jacc.2013.09.063?referrer=grok.com
https://doi.org/10.1016/j.atherosclerosis.2012.12.038?referrer=grok.com
https://doi.org/10.1056/NEJMoa072100?referrer=grok.com
https://www.nejm.org/doi/full/10.1056/NEJMoa072100?referrer=grok.com
https://doi.org/10.1016/j.jacc.2012.12.035?referrer=grok.com

Dietary BP Interventions (DASH + Sodium)

* Appel LJ, et al. A Clinical Trial of the Effects of Dietary Patterns on Blood Pressure (DASH). N
Engl J Med. 1997.
DOI: https://doi.org/10.1056/NEJM199704 173361601

» Sacks FM, et al. Effects on Blood Pressure of Reduced Dietary Sodium and the DASH Diet
(DASH-Sodium). N Engl J Med. 2001.
DOI: https://doi.org/10.1056/NEJM200101043440101

Post-Meal Walking (Postprandial Stress Reduction)

* DiPietro L, et al. Three 15-min bouts of moderate postmeal walking significantly improves 24-h
glycemic control in older people at risk for impaired glucose tolerance. Diabetes Care. 2013.
DOI: https://doi.org/10.2337/dc13-0084

Exercise (Stiffness / Endothelial Meta-Analyses)

* Ashor AW, et al. Effects of exercise modalities on arterial stiffness and wave reflection: a
systematic review and meta-analysis of randomized controlled trials. PLoS One. 2014.
DOI: https://doi.org/10.1371/journal.pone.0110034

Magnesium (BP Effect in Meta-Analysis)

* Zhang X, et al. Effects of Magnesium Supplementation on Blood Pressure: A Meta-Analysis of
Randomized Double-Blind Placebo-Controlled Trials. Hypertension. 2016.
DOI: https://doi.org/10.1161/HYPERTENSIONAHA.116.07664

Omega-3 (BP Meta-Analysis)

* Miller PE, et al. Long-Chain Omega-3 Fatty Acids Eicosapentaenoic Acid and
Docosahexaenoic Acid and Blood Pressure: A Meta-Analysis of Randomized Controlled Trials.
Am J Hypertens. 2014.

DOI: https://doi.org/10.1093/ajh/hpu024

Sauna (Observational Outcomes)

» Laukkanen T, et al. Association between sauna bathing and fatal cardiovascular and all-cause
mortality events. JAMA Intern Med. 2015.
DOI: https://doi.org/10.1001/jamainternmed.2014.8187

Pharmacology (Particle-Lowering Outcomes)

» Sabatine MS, et al. Evolocumab and Clinical Outcomes in Patients with Cardiovascular
Disease (FOURIER). N Engl J Med. 2017.
DOI: https://doi.org/10.1056/NEJMoa1615664

» Schwartz GG, et al. Alirocumab and Cardiovascular Outcomes after Acute Coronary
Syndrome (ODYSSEY OUTCOMES). N Engl J Med. 2018.
DOI: https://doi.org/10.1056/NEJMoa1801174
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https://doi.org/10.1056/NEJM200101043440101?referrer=grok.com
https://doi.org/10.2337/dc13-0084?referrer=grok.com
https://doi.org/10.1371/journal.pone.0110034?referrer=grok.com
https://doi.org/10.1161/HYPERTENSIONAHA.116.07664?referrer=grok.com
https://doi.org/10.1093/ajh/hpu024?referrer=grok.com
https://doi.org/10.1001/jamainternmed.2014.8187?referrer=grok.com
https://doi.org/10.1056/NEJMoa1615664?referrer=grok.com
https://doi.org/10.1056/NEJMoa1801174?referrer=grok.com

Sleep Restriction and Insulin Sensitivity

* Broussard JL, et al. Impaired insulin signaling in human adipocytes after experimental sleep
restriction. Ann Intern Med. 2012.
DOI: https://doi.org/10.7326/0003-4819-157-8-201210160-00005

Strength Training and Insulin Sensitivity

* Strasser B, et al. Resistance training in the treatment of the metabolic syndrome: a systematic
review and meta-analysis. Sports Med. 2010.
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This appendix is not exhaustive but focuses on the highest-confidence sources shaping each
dial. For deeper reading, follow the DOlIs. Science evolves—check current guidelines and new
trials as they emerge.
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