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V1. Clinical Pattern Recognition & Layered Testing

VIl. Building a Neuro-Longevity Strategy
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Learning Objectives

* Define neuroimmunosenescence and neuroinflammaging
» Explain microglial activation and polarization

* Describe mitochondrial regulation of neuroimmune tone
* |llustrate the gut—microglia—mitochondria axis

» Apply biomarker-driven strategies to support neuro-
longevity




The Dual Epidemics

« Over 1in 3 Americans meet criteria for metabolic
syndrome.

* Neurodegenerative disease rates are doubling every
30 years.

* Depression affects an estimated 350 million people
worldwide and is the leading cause of disability
globally.

 Suicide is a major public health problem in the
United States, with nearly 44,000 deaths per year
and many more attempts.
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The Brain Is an Energy-Dependent
Immune Organ

« ~2% of body mass
« ~20% of total energy consumption
* Dense mitochondrial network

 Continuous immune surveillance




Neurodegeneration «——
Neuro-Longevity Spectrum

 Neural resilience exists on a continuum

* Degeneration reflects cumulative
physiologic stress

* Longevity reflects adaptive metabolic
and immune regulation

* The spectrum is measurable




Neuroimmunosenescence

» Age-associated dysregulation
of CNS immune function

* Impaired inflammatory
resolution

» Chronic microglial priming

» Reduced adaptive resilience
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Neuroinflammaging

» Chronic, low-grade
neuroinflammation

* Driven by cumulative
metabolic stress

« Sustained microglial activation

* Progressive synaptic
vulnerability




The Glial System

* Astrocytes

» Oligodendrocytes
* Microglia

* Immune—metabolic

regulators of neural
function
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Microglial Surveillance & Homeostasis

 Constant environmental
scanning

e Synaptic pruning and
remodeling

 Debris clearance

« Maintenance of neural
homeostasis

Inflammatory signal




Microglial Activation & Polarization

» Triggered by injury, infection, or

metabolic stress Microglial Activation Syndrome
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Factors That Trigger Mic gf al Activa
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* Pro-inflammatory and pro- S

% Cyto kmES
% Stress/cortisol

resolving phenotypes Nl o S
€ Nutrient Insufficiency
%*Trauma and Social Isolation

» Shifts in morphology and
metabolic state

» Context-dependent and dynamic
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Activated Microglia Polarization Spectrum

M1 Phenotype

Pro-inflammatory Factors —
LPS, TNF-a, IFNy

M2 Phenotype

Anti-inflammatory Factors

Il-4, IL-13, IL-10

]{E;L Resting Microglia

IL-13
--.._______" IL-6
N.O.
Super Oxide
Meopterin

Quinolinic Acid
MMPS

Cytotoxicity Neuroprotective
Neuroinflammation Phagocytosis
Excitotoxicity Funchions Anti-inflammatory Signaling

Antigen Presentation
Blood Brain Barrier Breakdown
Acute Immune Response

Homeostasis Restoration
Exctracellular Matrix Protection

M2 Phenotype

T Inflammation i
M1 Phenotype
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Acute vs Chronic Glial Activation

« Acute activation is adaptive and self-limited

« Chronic activation reflects impaired
resolution

* Primed microglia over-respond to secondary
stress

» Sustained cytokine signaling alters neural
function




Chronic Glial Priming Across the Lifespan

 Early-life immune and metabolic
programming

« Cumulative exposome burden

 Age-related mitochondrial dec:ligf\*%!r g

* Progressive lowering of activation
threshold
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Consequences of Persistent Microglial Activation

» Sustained cytokine exposure
» Oxidative and nitrosative stress
« Synaptic dysfunction and loss

* Impaired neuroplasticity

 Increased neuronal vulnerability

-
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Why We Track Physiology

» Symptoms are subjective [

* Physiology is measurable

e Neuroimmune tone can
be quantified

* Objective data guides
Intervention



The Mental M.A.P.™ Framework

See e L el The Mental
M.AP

o Glial activation markers
» Systemic inflammatory markers TR,

« Metabolic and redox indicators

» Pattern-based interpretation

© 2026 Metabc




The NeuroLongevity Index™

« Composite neuro-resilience score

* Derived from core neuroimmune biomarkers
* Higher score = stronger neuro-resilience

» Lower score = greater neuroimmune burden

 Designed for tracking over time



What the NeurolLongevity Index™ Reflects

 Glial activation tone
» Astrocytic stress signaling
* Neurostructural integrity

« Systemic inflammatory influence

« Net neuro-resilience status
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Real-World NeuroLongevity Index™ Spectrum
« 5.1 — Confirmed neurodegeneration (ALS, 32M)

e 6.3 — Mild-to-moderate neuroimmune burden
« 8.1 — Strong neuro-resilience despite OCD

» 8.2 — Strong neuro-resilience despite symptom anxiety




Case: Active Neurodegeneration (ALS, 32M)

« Confirmed ALS diagnosis
* NeurolLongevity Index™: 5.1
« Moderate neuroimmune burden

* Trackable composite metric




Case: Psychiatric Distress Without
Neuroimmune Burden
« OCD with intrusive thoughts (24M)

* NeurolLongevity Index™: 8.1

» Strong neuro-resilience

 Inflammation not primary driver

© 2026 Met



Case: Trauma & Neurodivergence With
Moderate Burden
 Autism, ADHD, OCD, complex trauma (40F)

* NeurolLongevity Index™: 6.3

« Mild-to-moderate neuroimmune burden

* Not a degenerative profile




Case: Strong Physiology Despite Fear-
Based Narrative

» Chemical sensitivities and health anxiety (47F)
* NeurolLongevity Index™: 8.2
» Strong neuro-resilience

* Objective reassurance




Brain Energy Demand & Mitochondrial Density

* High ATP requirement
« Dense mitochondrial networks
 Continuous oxidative metabolism

* Energy failure alters immune tone



Mitochondria Beyond ATP

* Redox regulation
 |nnate immune signaling
 Calcium buffering

» Apoptosis control

» Metabolic flexibility
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Redox Signaling vs Oxidative Stress

» Reactive species are signaling
molecules

» Balance determines physiologic
vs pathologic effect

- ~ W3 OXIDATIVE
» Antioxidant systems regulate tone STRESS

» Chronic imbalance promotes
inflammation
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Mitochondrial ROS & Immune Signaling

* ROS amplify innate immune
pathways

« NLRP3 inflammasome
activation

* NF-kB signaling modulation

» Feed-forward inflammatory
loops



MtDNA as a Danger Signal

« Mitochondrial DNA resembles
bacterial DNA

* Released during cellular stress

 Activates innate immune
receptors

 Sustains inflammatory
signaling
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Metabolic Reprogramming in Activated Microglia

 Shift from oxidative
phosphorylation to glycolysis

» Reduced mitochondrial efficiency

 Increased pro-inflammatory
signaling

* Impaired resolution capacity
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Aging & Cumulative Mitochondrial Stress

* Decline in oxidative phosphorylation
efficiency

* |Increased reactive species
production

* Impaired mitophagy

* Reduced metabolic flexibility
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Mitochondrial Dysfunction & Neuroimmune Tone

* Energy instability increases immune
sensitivity

« Redox imbalance amplifies cytokine
signaling

» Danger signals sustain microglial activaee

 Shifts movement toward neurodegeneration



Gut—-Brain Communication Pathways

 Neural signaling (vagus nerve)

 Immune signaling (cytokines,
endotoxins)

« Metabolic signaling (microbial
metabolites)

 Endocrine signaling (HPA axis)



Gut=Brain Axis . 1 Newopasicy

1 1' Neuroinflammation Neurogenesis
Excitotoxicify & Neuroinflammation
1‘1 ﬁeurup.l'ushmfy 4 Excitotoxicity
eurogenesis
, BDNF, NGF, IL-10
IL-1B. IL-6, TNF-a, IFNy

Activated Activated
Microglial Cell Microglial Cell
M1 Phenotype M2 Phenctype
(Cytotoxic, Pro-Inflammatery) (Antiinflammatory Neuroprotechive)
PAMPs, LPS, LPA, o, —ShortChain

Myecotoxins, Fatty Acids

Food Antigens, ETC.

Healthy Gut

and Microbiome

Leaky and
Dysbiotic Gut
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Short-Chain Fatty Acids & Mitochondrial Function

* Produced through microbial
fiber fermentation

» Butyrate, acetate, propionate

» Support mitochondrial
efficiency

e Modulate immune and
inflammatory tone
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Butyrate & Microglial Modulation

» Supports regulatory immune
signaling

 Influences histone deacetylase
activity

* Promotes anti-inflammatory gene
expression

- Enhances mitochondrial efficiency =~ ‘s s
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Barrier Integrity & Endotoxemia

* Intestinal barrier regulates antigen
exposure

 Increased permeability permits LPS
translocation

» Systemic immune activation

« Amplified neuroinflammatory
signaling




Endotoxemia in Leaky Gut and Leaky Brain
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LPS, TLR Signaling & Cytokine Cascades

» Lipopolysaccharide activates

TLR4
* NF-kB pathway activation

* Increased pro-inflammatory
cytokines

» Microglial sensitization
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Tryptophan Metabolism & the Kynurenine Pathway

e |Inflammation activates indoleamine
2,3-dioxygenase

* Tryptophan shifts away from serotonin
* Increased kynurenine metabolites

* Neuroactive and potentially neurotoxic
intermediates




Neuroinflammation Reduces Serotonin
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Histamine, Mast Cells & Neuroimmune Activation

« Mast cell activation at mucosal
barriers

e Histamine as immune and neural
modulator

» Cross-talk with microglia

« Amplification of inflammatory tone
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Histamine, Leaky Brain and Mental lliness
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Circadian Rhythm & Mitochondrial Repair

» Mitochondrial biogenesis
follows circadian regulation

R
e S R, e |
e . i a"_::ﬁ i oL

» Sleep supports oxidative repair

» Glymphatic clearance during
deep sleep

 Disruption amplifies
neuroinflammatory tone
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Vagal Tone & Parasympathetic Regulation

* Vagus nerve as gut—brain conduit

 Cholinergic anti-inflammatory
pathway

 HRV as regulatory proxy

e Chronic stress suppresses
parasympathetic tone



Vagal Nerve Stimulation Reduces Inflammation
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Metabolic Endotoxemia & Inflammaging

» Chronic low-grade LPS exposure

e Persistent Innate immune
activation

» Cytokine-driven mitochondrial
stress

» Accelerated neuroinflammatory
aging
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The Feed-Forward Loop: Dysbiosis <
Mitochondria <~ Microglia

» Dysbiosis increases immune signaling

 Inflammation impairs mitochondrial
function

« Mitochondrial stress amplifies microglial
activation

 Chronic activation worsens barrier and
metabolic dysfunction
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Recognizing Neuroinflammaging Patterns

 Chronic fatigue or cognitive slowing

» Mood volatility with inflammatory
features

» Sensitivity to stress and environment

» Layered metabolic and immune
dysfunction



Layering Testing: Beyond the
NeurolLongevity Index™

« Baseline neuroimmune composite
* |dentify upstream drivers

» Mitochondrial capacity

» Gut barrier and microbiome

e Metabolic resilience



Organic Acids: Metabolic & Microbial Intelligence

» Krebs cycle & mitochondrial throughput

e Redox and oxidative stress markers

 Microbial metabolites (bacterial, fungal,
clostridial)

* Neurotransmitter and kynurenine intermediates

* Nutrient-dependent enzyme function
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VO, & Metabolic Fithess as Neuroimmune Indicators

* VO, reflects mitochondrial capacity

e Aerobic fithess correlates with
inflammation levels

» Exercise modulates microglial
phenotype

 Low fithess = reduced neuro-resilience




Stool Testing & Microbial Pattern Recognition

» Microbial diversity and composition

» Butyrate-producing taxa
 Inflammatory signaling markers

e Barrier-associated biomarkers
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Interpreting Cross -Domain Data

* Do patterns converge?

 Mitochondria, microbiome,
inflammation alignment

» Severity and trajectory
assessment

 Prioritize highest-leverage
drivers



Lifestyle Pillars of Neuro - Longewty

» Metabolic flexibility

» Mitochondrial stimulation v
« Barrier integrity h A .
Lifestyle
| . Medicine
» Stress regulation /" gt

* Environmental stewardship .




Exercise & Mitochondrial Biogenesis

» Activates PGC-1a signaling

Exercise Promotes Neuroplasticity

 |Increases mitochondrial [g
density :
El':.Q;i.":
* Reduces systemic o
. o Metabokine
inflammation (BONP P
)

 Shifts microglial phenotype
toward regulation
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Sleep & Circadian Entrainment

» Deep sleep supports
glymphatic clearance

« Restores mitochondrial
efficiency

* Regulates inflammatory
signaling

e Stabilizes autonomic balance



Nutrition & Microbiome Diversity

 Fiber diversity drives short-chain fatty
acids

* Polyphenols support microbial balance

 Stable glucose reduces inflammatory
signaling

» Nutrient density supports enzymatic
efficiency




Redox Support & Metabolic Resilience

 Glutathione balance

* NAD* availability

« Mitochondrial antioxidant
systems

 Hormetic stress adaptation
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Stress, Trauma & Allostatic Load

« Chronic HPA axis
activation Trauma Drives Neuroinfldmmation

» Sympathetic dominance %/g

 Elevated inflammatory
signaling

« Mitochondrial strain
accumulation
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Exposome & Toxic Burden

 Environmental mitochondrial
disruptors

» Heavy metals, mycotoxins, and
oxidative stress

 Air pollution and inflammatory
activation

« Cumulative burden over time
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Integrated Restoration Model

o Stabilize inflammatory tone
» Restore mitochondrial capacity
* Reinforce barrier integrity

» Rebuild physiologic resilience



Mechanistic Integration: The Unified Model

» Gut signals shape immune tone
« Immune tone shapes mitochondrial function
« Mitochondria regulate inflammatory thresholds

* Feedback loops determine trajectory




Revisit Learning Objectives

* Define neuroinflammaging mechanistically
* Explain the gut—microglia—mitochondria axis
* Interpret neuroimmune biomarkers

 Build layered neuro-longevity strategies




Closing Thesis

* Track physiology

* Do not chase root causes

* Neuroinflammation is a systems pattern

* Mitochondria are central regulators

* Microglia respond to cumulative inputs

* Measurable physiology guides intervention




Join the Functional Mental &
Metabolic Mentorship

Q Live monthly case study
review

0 Live monthly Q&A

0 Quarterly live advanced
workshops
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more about the fundamentals of
functional healing, we encourage you
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Scan Here fo Learn
More About the
FMHP" Certificate
Program!



Supportive References

Mohapatra L, et al. Imnmunosenescence as a convergence pathway in neurodegeneration. Int Immunopharmacol. 2023.
Bosch J, et al. Immunosenescence. New York, NY: Springer; 2013.

Soraci L, et al. The emerging links between immunosenescence in innate immune system and neurocryptococcosis.
Front Immunol. 2024.

Bowirrat A. Immunosenescence and aging: neuroinflammation is a prominent feature of Alzheimer's disease and is a
likely contributor to neurodegenerative disease pathogenesis. J Pers Med. 2022.

Costantini E, et al. The role of immunosenescence in neurodegenerative diseases. Mediators Inflamm. 2018.

Jian B, et al. Update of immunosenescence in cerebral small vessel disease. Front Immunol. 2020.

Zhao 'Y, et al. A perspective on roles played by immunosenescence in the pathobiology of Alzheimer's disease. Aging
Dis. 2020.

Streit W, Xue Q. Human CNS immune senescence and neurodegeneration. Curr Opin Immunol. 2014.



Supportive References

Soraci L, et al. Neuroinflammaging: a tight line between normal aging and age-related neurodegenerative disorders.
Aging Dis. 2024.

Murdaca G, et al. Neuro-inflammaging and psychopathological distress. Biomedicines. 2022.

Garcia S, et al. Melatonin and cannabinoids: mitochondrial-targeted molecules that may reduce inflammaging in
neurodegenerative diseases. Histol Histopathol. 2020.

Pizza V, et al. Neuroinflamm-aging and neurodegenerative diseases: an overview. CNS Neurol Disord Drug Targets.

2011.
Mészaros A, et al. Neurovascular inflammaging in health and disease. Cells. 2020.

Cianciulli A, et al. Inflammaging and brain: curcumin and its beneficial potential as regulator of microglia activation.

Molecules. 2022.

Moyse E, et al. Neuroinflammation: a possible link between chronic vascular disorders and neurodegenerative
diseases. Front Aging Neurosci. 2022.

Giunta B, et al. Inflammaging as a prodrome to Alzheimer’s disease. J Neuroinflammation. 2008.



Supportive References

Dyer K. Daily healthy habits to reduce stress and increase longevity. J Interprof Educ Pract. 2023.

Pryde MM, Kannel M. Efficacy of dietary behavior modification for preserving cardiovascular health and longevity.
Cardiol Res Pract. 2010.

Fernandez-Ballesteros R, et al. Behavioral lifestyles and survival: a meta-analysis. Front Psychol. 2022.

Martin P, et al. Behavioral factors of longevity. J Aging Res. 2012.

Rizzuto D, Fratiglioni L. Lifestyle factors related to mortality and survival: a mini-review. Gerontology. 2014.

Kreouzi M, et al. Lessons learned from blue zones, lifestyle medicine pillars and beyond: an update on the contributions
of behavior and genetics to wellbeing and longevity. Am J Lifestyle Med. 2022.

Haveman-Nies A, et al. Dietary quality and lifestyle factors in relation to 10-year mortality in older Europeans: the
SENECA study. Am J Epidemiol. 2002.

Healthy habits can increase quality and longevity of life. Nurs Stand. 2010.



Supportive References

« Misra B. The chemical exposome of human aging. Front Genet. 2020.

« Martens DS, Nawrot TS. Air pollution stress and the aging phenotype: the telomere connection. Curr Environ Health
Rep. 2016.

« Pandics T, et al. Exposome and unhealthy aging: environmental drivers from air pollution to occupational exposures.
GeroScience. 2023.

« Krutmann J, et al. The skin aging exposome. J Dermatol Sci. 2017.

« Kalia V, et al. An exposomic framework to uncover environmental drivers of aging. Exposome. 2022.

* Nielsen L, et al. New directions in geroscience: integrating social and behavioral drivers of biological aging. Psychosom
Med. 2024.

« Jones DP. Redox theory of aging. Redox Biol. 2015.

* Lyon D, et al. A biobehavioral perspective on telomere length and the exposome. Biol Res Nurs. 2014.




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74

