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Abstract

Alzheimer’s and related dementias are not inevitable consequences of aging. This manuscript
proposes that they arise when cumulative stress exceeds the repair capacity of three bio-
logical systems critical for maintaining brain health: proteostatic capacity, mitochondrial
function, and neuroimmune regulation. In most cases, key influences such as genetics,
environmental exposures, and health history are not primary determinants; they modify
the baseline load borne by these pathways, influencing not only whether it is approaching a
threshold, but how quickly it reaches the tipping point. To illustrate how diverse influences
accumulate, the analysis maps 18 modifiable dementia risk factors onto the three conver-
gent pathways. This approach reframes neurodegenerative risk as a dynamic, cumulative
process and highlights opportunities for individualized assessment and targeted mitigation
strategies long before dementia symptoms emerge.

Keywords: Alzheimer’s disease; dementia risk factors; frontotemporal dementia; Lewy
body dementia; mitochondrial dysfunction; neuroimmune regulation; neurodegeneration
pathways; proteostasis

1. Introduction
Alzheimer’s disease is defined biologically by the presence of amyloid-beta plaques

and pathologic tau deposits, as detected by biomarkers or confirmed at autopsy [1]. The
clinical syndrome most commonly associated with Alzheimer’s disease typically begins
with early memory impairment and progresses to affect language, spatial navigation,
executive function, and daily living, although presentations can vary [2]. Historically,
because these symptoms often unfold in a predictable sequence, Alzheimer’s disease
has been treated as a single, unified disorder. Lewy body dementia, a synucleinopathy
that often overlaps with Parkinson’s disease, is marked by fluctuating cognition, visual
hallucinations, rapid eye movement (REM) sleep behavior disorder, and parkinsonism—a
less orderly and more variable constellation of symptoms [3]. Frontotemporal dementia
(FTD) presents in several distinct variants—behavioral, language, and motor—reflecting
the selective vulnerability of different frontal and temporal networks [4]. This variability
has long made FTD particularly challenging to understand and difficult to unify under a
single mechanism. Vascular insufficiency frequently co-occurs with all of these conditions
and can accelerate or shape disease progression [5].

Despite these differences, Alzheimer’s disease and related dementias may represent
distinct manifestations of a convergence of stress across three interdependent systems that
maintain brain health: proteostatic capacity, mitochondrial function, and neuroimmune
regulation. Although all three pathways ultimately lose resilience in progressive disease,
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different disorders show different points of initial vulnerability. In Alzheimer’s disease
and related proteinopathies, proteostatic dysfunction often appears among the earliest
detectable abnormalities [4,6,7]. Each system can absorb isolated insults, but chronic or
repeated stress gradually erodes repair capacity, making the pathways increasingly vulner-
able to failing together. This framework reflects a conceptual synthesis rather than a single
established model, integrating evidence across these domains. In this view, progressive
neurodegeneration emerges only when all three pathways are sufficiently compromised.
This helps explain why individuals with similar exposures may experience different out-
comes and why, in cases when at least one pathway is intact, substantial neuropathology
can exist without significant impairment.

The rising global prevalence of Alzheimer’s disease suggests that modern exposures
and habits may be imposing chronic, cumulative stress on these systems [8]. Large in-
ternational studies have identified numerous modifiable lifestyle factors, reinforcing that
dementia is not an inevitable consequence of aging. However, the diversity of identified
risks—spanning vascular, metabolic, inflammatory, behavioral, and psychosocial domains—
makes it difficult to design coherent strategies. Understanding neurodegeneration as the
cumulative load on three interconnected pathways provides a unifying explanation for
why such varied risk factors can produce similar clinical outcomes, why there are distinct
dementias, and why no single biomarker or insult fully accounts for disease onset or pro-
gression. It also raises the possibility that strengthening the pathways that remain most
resilient—rather than trying to rescue the one already under the greatest stress—may offer
a more effective approach to pausing or slowing disease progression.

Differences in pathway load and resilience are evident in populations at the extremes
of lifelong protection and risk. Some members of the School Sisters of Notre Dame show
unusually low rates of cognitive decline despite Alzheimer’s-type neuropathology [9],
reflecting a lifetime of stable routines and the absence of behaviors or exposures that
would undermine these critical systems. In contrast, individuals with Down syndrome
experience early and accelerated vulnerability due to trisomy 21, which increases APP
expression, metabolic strain, and chronic immune dysregulation—stressing all three
systems and producing Alzheimer’s neuropathology years earlier than in the general
population [10]. These two populations demonstrate how lifelong variation in systems
load shapes cognitive outcomes.

This paper argues that diverse modifiable lifestyle factors can be understood by their
cumulative impact on three interconnected pathways.

2. Critical Pathways for Brain Health
The three major systems that sustain neurological function are:

1. Proteostatic capacity: This system maintains healthy proteins by refolding those that
are misfolded, tagging irreparable proteins for degradation, and clearing damaged or
aggregated proteins through the ubiquitin–proteasome and autophagy–lysosomal sys-
tems. When refolding, degradation, or lysosomal clearance become overwhelmed, mis-
folded proteins accumulate—a process central to the pathophysiology of Alzheimer’s
disease (Aβ and tau), Lewy body dementia (α-synuclein), and frontotemporal de-
mentia (tau or TDP-43). Across these disorders, proteostatic strain appears early in
the disease process and contributes to downstream mitochondrial and neuroimmune
dysfunction [11].

2. Mitochondrial function: Synaptic signaling is energy-intensive, which is why the
brain—roughly two percent of one’s body weight—consumes about 20 percent of the
body’s energy. Mitochondria supply this energy while also regulating calcium buffer-
ing, redox balance, and the initiation of repair processes. When mitochondrial output
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is chronically constrained—through impaired oxidative phosphorylation, reduced
biogenesis, or increased reactive oxygen species (ROS)—neuronal resilience declines
and vulnerability to downstream dysfunction increases. In Alzheimer’s disease, mito-
chondrial efficiency is reduced early through Aβ-related membrane disruption and
tau-related transport deficits; in Lewy body dementia, α-synuclein interferes with
complex I and mitochondrial membrane integrity; and in frontotemporal dementia,
TDP-43 and tau pathology disrupt mitochondrial dynamics and axonal transport.
Across these conditions, mitochondrial impairment is not the sole initiating event, but
a consistent and amplifying feature that lowers the threshold at which other system
failures lead to progressive neurodegeneration [12].

3. Neuroimmune regulation: The brain’s support cells—particularly microglia and
astrocytes—coordinate immune surveillance and tissue repair. When chronically
overtaxed as in Alzheimer’s, they can shift into a pro-inflammatory state, leading to
immune dysregulation and disruption of the blood–brain barrier (BBB) [13]. Similar
patterns of chronic microglial activation and impaired immune resolution are impli-
cated across neurodegenerative diseases, including Lewy body dementia and FTD.

These distinctions allow each dementia to be understood as a different point of initial
strain on the same three systems. Figure 1 summarizes how Alzheimer’s disease, Lewy
body dementia, and frontotemporal dementias map onto these early vulnerabilities within
the three-pathway framework.

Three Maintenance Systems Essential for Cognitive Health
… And How Their Failure Produces Distinct Dementias

T H E  T H R E E  C O R E  S Y S T E M S

Proteostatic Capacity
• Clears misfolded proteins
• Compensates for mitochondrial or 

neuroimmune strain by increasing 
clearance

Mitochondrial Function
• Provides energy for synaptic activity
• Compensates for proteostatic or 

neuroimmune strain by boosting 
metabolic support

Neuroimmune Regulation
• Maintains microglial balance
• Compensates for proteostatic or 

mitochondrial strain by stabilizing stressed 
networks

H O W  D I S T I N C T  D E M E N T I A S  E M E R G E

Alzheimer’s Disease
Leading weakness: Proteostatic overload (Aβ/tau clearance strain)
Region: Medial temporal lobe networks
Initial symptoms: Memory loss, impaired new learning, spatial confusion

Lewy Body Dementia
Leading weakness: Proteostatic overload (α-synuclein clearance strain)
Region: Limbic + cortical networks; visuospatial circuits
Initial symptoms: Cognitive fluctuations, visuospatial impairment, REM sleep disorder, hallucinations

Frontotemporal Dementias
Leading weakness: Neuroimmune dysregulation in frontal + anterior temporal hubs
Contributor: Proteinopathy (tau or TDP-43)
Region: Frontal + anterior temporal networks
Initial symptoms: Behavioral change, language impairment, early loss of insight

C ON V ER GE N T  O UT CO ME S

Progressive erosion of all three systems → Collapse of compensatory capacity → Emergence of neurodegeneration → Cognitive and functional decline

Figure 1. This diagram applies the three-pathway framework introduced in Rodgers (2026) to
illustrate the proposed hypothesis that different forms of neurodegeneration arise from different
points of earliest strain within proteostatic, mitochondrial, and neuroimmune systems [14]. The Lewy
body dementia pathway reflects established α-synuclein clearance strain [3].

The framework presented here suggests that dementia only emerges when all three
pathways are compromised beyond the point of repair and cross a threshold beyond which
decline becomes progressive. The failure to identify a single cause for most neurodegenera-
tive diseases—despite decades of effort—reflects this underlying architecture.
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3. Genetics Do Not Equal Destiny
Although genetics can influence vulnerability, apart from FTD, inheritance is not

the primary driver of most dementias, which is why the majority of cases are designated
sporadic. Even when genetic predispositions are present, the variants involved do not
introduce new disease mechanisms; instead, they weaken one or more of the same biological
pathways necessary to maintain brain health [15]. These influences fall into two broad
categories: autosomal-dominant mutations with near-complete penetrance, and common
polymorphisms that modulate pathway resilience.

4. Autosomal-Dominant Mutations (Deterministic, Early-Onset)
A small subset of individuals carry mutations that almost invariably lead to early-

onset dementia.
Alzheimer’s disease: Alzheimer’s disease offers the clearest example of how genetic

risk maps onto the three-pathway framework, with both common variants (APOE ε4) and
rare familial mutations (Pathogenic variants in APP, PSEN1, PSEN2) converging on lipid
handling, proteostasis, and inflammatory regulation. Conversely, the rarer APOE ε2 variant
is protective, improving lipid handling and dampening baseline neuroimmune activation,
thereby reducing amyloid burden and slowing downstream proteostatic strain [16].

Lewy Body Dementia: Rare autosomal-dominant mutations in SNCA increase α-
synuclein misfolding and aggregation, directly stressing proteostatic and lysosomal systems.
These mutations produce early-onset Lewy body disorders with near-100% penetrance,
reflecting deterministic overload of the same pathways implicated in sporadic Lewy body
dementia [7].

FTD: These dementias have the highest proportion of identifiable genetic contributors,
most commonly mutations in MAPT, GRN, or expansions in C9orf72. Each of these affects
a different arm of the three-system framework: MAPT mutations disrupt microtubule sta-
bility and increase proteostatic burden; GRN haploinsufficiency impairs lysosomal function
and heightens neuroimmune reactivity; and C9orf72 expansions generate toxic RNA and
dipeptide repeats that strain mitochondrial and proteostatic capacity simultaneously [17].
By weakening these pathways from the start, these mutations reduce resilience long be-
fore age-related erosion occurs, resulting in earlier onset. Because these systems support
distinct but interdependent frontotemporal networks, each clinical variant reflects the
particular network under greatest strain—yet all impair insight early, as integrative hubs
lose connective capacity first [18].

Together, these genetic examples illustrate that inherited risks do not create new
disease pathways—they simply reduce the resilience of the existing ones, lowering the
threshold at which lifelong stressors can tip the system into failure. Seen this way, genetics
helps explain why people respond differently to similar exposures or age-related changes:
some individuals begin life with less resilient protective systems, leaving them more
vulnerable as stressors accumulate across decades. Genetic risk, then, does not contradict a
convergence model of neurodegeneration—it reinforces it, showing how pathways that are
weakened from the start can push the brain past a threshold from system compensation to
progressive disease.

5. Vascular Insufficiency as an Upstream Systems Stressor
Vascular dysfunction provides one of the clearest bridges between lifestyle risk factors

and neurodegeneration because even mild impairments in cerebral blood flow directly
stress all three pathways required for brain maintenance. Impaired perivascular and glym-
phatic clearance slows the removal of misfolded proteins and metabolic waste, increasing
proteostatic burden from the outset. Chronic hypoperfusion limits mitochondrial energy
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availability, reducing the metabolic reserve needed for synaptic upkeep. Disruption of
the blood-brain barrier (BBB) exposes neural tissue to circulating inflammatory media-
tors and primes microglia toward a heightened immune tone, reducing their capacity
for normal synaptic and neuronal support [19]. Together, these vascular changes act as
upstream amplifiers that push vulnerable systems toward failure, regardless of the specific
neurodegenerative diagnosis.

6. Mechanistic Mapping of Health and Lifestyle Factors to the
Three Pathways

The 2024 Lancet Commission on dementia prevention, intervention, and care identified
14 modifiable dementia risk factors, representing a major synthesis of epidemiological
evidence [8]. An additional four factors—healthy diet, sleep quality, cognitive engagement,
and chronic stress—were identified in a 2025 international consensus statement on nutrition,
metabolic health, and brain aging [20]. These 18 factors are combined here to illustrate how
diverse lifestyle and environmental influences contribute to the preservation or erosion
of the three core pathways that maintain brain health. Please note that the factors are not
weighted, and their order does not imply relative impact.

6.1. Physical Activity

Supports:

• Proteostasis: Enhances autophagy and lysosomal clearance, preventing a backlog of
damaged proteins.

• Mitochondria: Increases biogenesis and adenosine triphosphate (ATP) availability,
expanding energetic reserves and reducing reactive oxygen species (ROS) load.

• Neuroimmune: Reduces inflammatory tone, allowing microglia to shift to balanced
surveillance states.

When absent:

• Proteostasis: Impairs clearance of damaged proteins, increasing proteostatic strain.
• Mitochondria: Allows dysfunctional mitochondria to persist, reducing available energy.
• Neuroimmune: Inactivity causes immune cells to drift toward pro-inflammatory states.

6.2. Smoking

Supports (when stopped):

• Proteostasis: Lower toxin-induced misfolding and reduced burden on repair and
clearance pathways.

• Mitochondria: Reduced oxidative injury allows more efficient ATP production and less
ROS spillover.

• Neuroimmune: Decreased toxin exposure reduces chronic immune priming.

When ongoing:

• Proteostasis: Toxin exposure drives misfolding, overwhelms repair systems, and in-
creases proteostatic strain.

• Mitochondria: Chronic oxidative stress damages mitochondrial membranes and impairs
energy production.

• Neuroimmune: Persistent endothelial and tissue injury heightens inflammation.

6.3. Harmful Alcohol Use

Supports (when treated):

• Proteostasis: Less endoplasmic reticulum (ER) stress and reduced accumulation of
misfolded or damaged proteins.
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• Mitochondria: Lower toxic metabolite load allows more stable ATP production and less
oxidative strain.

• Neuroimmune: Reduced glial signaling and lower baseline inflammatory signaling.

When untreated:

• Proteostasis: Impaired clearance and increased burden of damaged or misfolded proteins.
• Mitochondria: Direct toxicity disrupts membranes, increases ROS, and impairs energy

production.
• Neuroimmune: Heightened glial activation and sustained inflammatory tone.

6.4. Obesity

Supports (when reduced):

• Proteostasis: Reduced ER stress improves folding capacity and lowers baseline clear-
ance burden.

• Mitochondria: Lower metabolic overload decreases substrate pressure and reduces
ROS generation.

• Neuroimmune: Less adipose-driven cytokine release reduces systemic and central
inflammatory tone.

When present:

• Proteostasis: ER stress and misfolding increases metabolic load.
• Mitochondria: Excess substrate supply strains mitochondrial function and elevates

oxidative stress.
• Neuroimmune: Adipose-derived inflammatory signals drive persistent systemic inflammation.

6.5. Hypertension

Supports (when controlled):

• Proteostasis: Controlled blood pressure maintains steady perfusion, reducing ischemic stress.
• Mitochondria: Protects microvasculature, stabilizing oxygen supply and preserving

ATP production.
• Neuroimmune: Stable pressure prevents BBB leakage and downstream immune activation.

When uncontrolled:

• Proteostasis: Ischemic injury due to elevated pressure, damaging microvessels.
• Mitochondria: Disrupted oxygen delivery increases ROS, impairing ATP production.
• Neuroimmune: Endothelial injury triggers chronic vascular inflammation.

6.6. Diabetes (Including Insulin Resistance/Impaired Glucose Metabolism)

Supports (when controlled):

• Proteostasis: Stable glucose levels limit glycation stress, supporting proper folding
and clearance.

• Mitochondria: Controlled insulin signaling allows efficient fuel use, sustaining
ATP production.

• Neuroimmune: Balanced metabolic signaling reduces inflammation.

When uncontrolled:

• Proteostasis: Increased glycation, misfolding and strained clearance pathways.
• Mitochondria: Excess glucose impairs function, increasing oxidative stress and

reducing energy.
• Neuroimmune: Metabolic dysregulation induces chronic inflammation.
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6.7. Education Level

Supports (when high):

• Proteostasis: Enriched synaptic remodeling may support proteostatic health by increas-
ing opportunities for clearance and reducing aggregation risk.

• Mitochondria: Lifelong cognitive load is associated with energetic resilience, potentially
improving ATP efficiency and metabolic flexibility.

• Neuroimmune: Sustained cognitive engagement is linked to lower allostatic load, which
may buffer against stress-induced immune activation.

When low:

• Proteostasis: Reduced remodeling, with fewer opportunities to clear damaged proteins,
and greater risk of accumulation.

• Mitochondria: Lower reserve, decreasing metabolic “cushion” during systemic strain
or aging stressors.

• Neuroimmune: Lower cognitive engagement increases vulnerability to stressors.

6.8. Social Engagement

Supports:

• Proteostasis: Social engagement is associated with healthier synaptic turnover and may
help maintain adaptive remodeling.

• Mitochondria: Ongoing social interaction is linked to sustained synaptic activity and
energetic demand, which may help keep complex neural circuits resilient.

• Neuroimmune: Reduces stress-related inflammation and lowers baseline inflammatory tone.

When absent:

• Proteostasis: Reduced synaptic remodeling and lower turnover.
• Mitochondria: Reduced synaptic activity and diminished energetic engagement.
• Neuroimmune: Social isolation is strongly linked to heightened stress signaling and

increased inflammatory activation.

6.9. Depression

Supports (when treated):

• Proteostasis: Treatment improves sleep quality, supporting glymphatic clearance of
misfolded proteins.

• Mitochondria: Lowers cortisol, improving energy metabolism and ATP efficiency.
• Neuroimmune: Reduced inflammatory tone, stabilizing microglial activity.

When untreated:

• Proteostasis: Impaired repair, leading to protein aggregation.
• Mitochondria: Cortisol-driven exposure impairs mitochondrial efficiency.
• Neuroimmune: Immune activation, with heightened inflammatory signaling.

6.10. Air Pollution (Including Second-Hand Smoke)

Supports (when reduced):

• Proteostasis: Reduced protein oxidation and misfolding, lowering aggregation risk.
• Mitochondria: Less oxidative stress from particulate exposure, preserving ATP production.
• Neuroimmune: Lower systemic and central nervous system inflammation, helping

preserve BBB integrity.

When high:

• Proteostasis: Protein oxidation leads to misfolding and aggregation, overwhelming
clearance systems.
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• Mitochondria: Particulate-induced oxidative injury reduces energy production and
mitochondrial resistance.

• Neuroimmune: Chronic inflammatory activation, disrupting the BBB, and increasing
vulnerability to neurotoxic exposures.

6.11. Hearing Loss

Supports (when corrected):

• Proteostasis: Reduced chronic compensatory synaptic stress from degraded hearing
input, reducing misfolding pressure.

• Mitochondria: Reduced compensatory auditory cortical energy demand, preserving
metabolic reserve.

• Neuroimmune: Reduced isolation-driven inflammation and stress-related microglial
activation, stabilizing immune tone.

When uncorrected:

• Proteostasis: Sustained strain leads to misfolding, impaired turnover, and aggregation.
• Mitochondria: Increased energetic load from compensatory processing, driving ineffi-

ciency and oxidative stress.
• Neuroimmune: Social withdrawal and chronic stress sustain inflammatory activation,

eroding resilience.

6.12. Vision Loss

Supports (when corrected):

• Proteostasis: Reduced chronic compensatory synaptic stress from degraded visual
input, reducing misfolding pressure.

• Mitochondria: Reduced compensatory cortical energy demand in visual processing
networks, preserving metabolic reserves.

• Neuroimmune: Reduced isolation-driven inflammation and stress-related microglial
activation, stabilizing immune tone.

When uncorrected:

• Proteostasis: Sustained strain leads to misfolding, impaired turnover and aggregation.
• Mitochondria: Increased energetic load from compensatory processing, driving ineffi-

ciency and oxidative stress.
• Neuroimmune: Social withdrawal and chronic stress sustain inflammatory activation,

eroding resilience.

6.13. Cholesterol (Dyslipidemia/High LDL)

Supports:

• Proteostasis: Balanced lipid transport supports membrane integrity and synaptic vesicle
dynamics, reducing misfolding pressure on protein-handling systems.

• Mitochondria: Healthy lipid profiles maintain mitochondrial membrane composition
and reduce oxidized-lipid-driven energetic stress.

• Neuroimmune: Stable lipid metabolism limits endothelial inflammation and helps
preserve BBB function, keeping microglial activation low and regulated.

When poor:

• Proteostasis: Oxidized LDL and disrupted lipid transport (including ApoE-related
pathways) impair membrane stability and increase proteostatic burden.

• Mitochondria: Excess or oxidized lipids damage mitochondrial membranes, reduce
ATP efficiency, and increase ROS production.
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• Neuroimmune: Dyslipidemia promotes endothelial inflammation, microvascular injury,
and BBB permeability, sustaining chronic neuroimmune activation.

6.14. Traumatic Brain Injury (TBI)

Supports (when preventable or mitigated):

• Proteostasis: Prevents tau hyperphosphorylation and misfolding cascades, maintaining
clearance capacity.

• Mitochondria: Avoids acute energetic collapse and chronic fragmentation, preserving
ATP production.

• Neuroimmune: Avoids microglial priming and chronic neuroinflammation, stabilizing
immune tone.

When present:

• Proteostasis: Tauopathy-like misfolding, impaired clearance, and aggregation.
• Mitochondria: Acute dysfunction and oxidative stress, contributing to long-term instability.
• Neuroimmune: Chronic microglial activation, sustaining persistent inflammatory sig-

naling, and BBB disruption.

6.15. Healthy Diet

Supports:

• Proteostasis: Lowers misfolded-protein burden via reduced glycation (sugar-induced
protein damage) and oxidative injury, both of which promote misfolding and over-
whelm clearance systems.

• Mitochondria: Stabilizes glucose supply, reduces oxidative load, and improves cellular
energy efficiency.

• Neuroimmune: Reduces chronic inflammation through polyphenols and omega-3 fatty
acids, supporting microglial stability and lowering baseline immune activation.

When poor:

• Proteostasis: Increased glycation and impaired clearance, driving protein aggregation.
• Mitochondria: Increased ROS, damaging membranes, and impairing energy production.
• Neuroimmune: Chronic low-grade inflammation, destabilizing baseline immune tone.

6.16. Sleep Quality

Supports:

• Proteostasis: Glymphatic clearance of misfolded proteins and nightly reduction in
proteostatic load.

• Mitochondria: Nightly repair, redox restoration, and metabolic reset.
• Neuroimmune: Circadian regulation of immune tone and microglial activity.

When poor:

• Proteostasis: Backlog of misfolded proteins and reduced clearance capacity.
• Mitochondria: Impaired repair and disrupted metabolic recovery.
• Neuroimmune: Circadian disruption elevates inflammatory signaling.

6.17. Cognitive Engagement

Supports:

• Proteostasis: Promotes synaptic remodeling—constant turnover stimulates clearance
machinery, reducing misfolded protein accumulation.

• Mitochondria: Sustained energetic demand builds resilience—frequent firing trains
mitochondria for efficient ATP production and metabolic flexibility.

https://doi.org/10.3390/jdad3040046

https://doi.org/10.3390/jdad3040046


J. Dement. Alzheimer’s Dis. 2026, 3, 46 10 of 15

• Neuroimmune: Reduces stress-related activation by lowering allostatic load, dampening
cortisol, and microglial priming.

When low:

• Proteostasis: Impaired synaptic turnover, providing fewer opportunities to clear dam-
aged proteins.

• Mitochondria: Reduced reserve, as lowered demand signals lead to smaller, less efficient
mitochondrial populations.

• Neuroimmune: Vulnerability to stress, as reduced cognitive buffering increases suscep-
tibility to inflammatory activation.

6.18. Chronic Stress

Supports (when mitigated):

• Proteostasis: Improved repair, facilitating clearance of misfolded proteins through
enhanced autophagy and glymphatic flow.

• Mitochondria: Reduced cortisol load, aiding energy production by lowering oxidative
strain and preserving ATP efficiency.

• Neuroimmune: Reduced microglial priming, stabilizing immune tone, preventing
exaggerated inflammatory responses.

When persistent:

• Proteostasis: Impaired repair, leading to protein aggregation and reduced clearance
capacity.

• Mitochondria: Dysfunction caused by oxidative damage, impairing ATP production,
and metabolic resilience.

• Neuroimmune: Microglial priming leads to chronic inflammation, causing a chronically
harmful state that maintains inflammatory signaling beyond adaptive needs.

These 18 factors suggest that a structured, clinically usable checklist could help quan-
tify an individual’s cumulative risk by mapping each factor onto the three convergent
systems. Such a tool could help clinicians identify which pathways are most affected and
why. Embedding targeted recommendations into the checklist would make the process
actionable, transforming a broad set of lifestyle and medical variables into a coherent,
system-level risk profile. Consistent with the Lancet Commission’s emphasis that it is never
too early or too late to modify these risk factors, this approach creates opportunities for
proactive changes that could slow or even prevent cognitive decline [8].

7. How Environmental Exposures and Infections Fit the
Convergence Model

It has long been known that many environmental and physiological stressors erode
the same three pathways necessary for brain health. Chronic exposure to pollutants, heavy
metals, and other toxins increases oxidative load, impairs mitochondrial efficiency, and
disrupts proteostatic and immune regulation. Recurrent or untreated infections similarly
impose repeated neuroimmune activation [21], whereas vaccines targeting shingles and
respiratory syncytial virus (RSV) have been found to reduce dementia risk [22]. Chronic
infections such as herpesviruses [23] or periodontal disease [24] can maintain a low-grade
activated immune state, incrementally taxing all three systems, and gradually diminishing
the repair capacity that keeps them stable.

Taken together, genetic predispositions, environmental exposures, and lifestyle-linked
physiological stressors do not represent competing explanations for neurodegenerative
disease. They are overlapping contributors to the same cumulative system load. Genetic
variants determine baseline resilience, environmental exposures add intermittent or chronic
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demands on those systems, and health history and everyday behaviors—such as sleep,
substance use, diet and physical activity—shape how effectively these systems recover
between stressors. Because these influences accumulate slowly, the total burden placed on
these systems over decades explains why neurodegeneration typically emerges later in life.

8. Mapping Related Dementias and Mixed Pathology
Understanding Alzheimer’s disease within a three-system framework also clarifies

why related dementias share overlapping features and why mixed pathology is so common
in late life. Lewy body dementia, Parkinson’s disease dementia, frontotemporal dementia,
and vascular contributions each stress the same three systems, but in different sequences
and with different dominant pressures. Variations in timing and degree produce distinct
clinical presentations, yet the underlying vulnerabilities are shared.

Mixed dementia pathology, often treated as a diagnostic complication, is better un-
derstood as the predictable outcome of cumulative system erosion. When proteostasis,
mitochondrial strain, and impaired and chronic immune activation progress at different
rates across brain regions, multiple pathological signatures can emerge simultaneously.
Rather than representing separate diseases, these patterns reflect the brain’s attempt to
compensate as multiple protective systems weaken together. This perspective explains why
neuropathological boundaries blur in older adults and why clinical symptoms often reflect
contributions from more than one system.

9. Discussion
This manuscript reframes neurodegeneration as the cumulative failure of three

maintenance systems—proteostatic capacity, mitochondrial function, and neuroimmune
regulation—and situates a wide range of environmental, physiological, and behavioral
stressors within this convergence framework. Although Alzheimer’s and related dementias
are not natural consequences of aging, lifetime habits and exposures, combined with a
gradually declining repair capacity, can progressively weaken these systems. Within this
model, diverse influences on dementia risk can be understood as modifiers of system load,
shaping how quickly or slowly these systems erode over the lifespan.

Alzheimer’s disease now has an impressive biomarker ecosystem—plasma assays,
cerebrospinal fluid signatures, positron emission tomography (PET) tracers, and staging
frameworks—that is the envy of every adjacent field. Yet this success has revealed a
structural limitation: these biomarkers track downstream artifacts of systems already
under strain. They illuminate proteostatic overload, metabolic collapse, and neuroimmune
drift with remarkable clarity, but they do not identify the upstream failure that made
these cascades possible. As a result, even perfect detection of amyloid, tau, or other
neurodegenerative signatures cannot yield a pharmaceutical “silver bullet” because no
downstream therapy can substitute for repairing the mitochondrial, proteostatic, and
neuroimmune systems whose erosion set the stage for pathology in the first place.

All the stressors associated with dementia identified by the Lancet Commission and
consensus statement on brain aging exert their effects by impairing waste clearance, increas-
ing energetic demand, or sustaining low-grade immune activation. However, the system
stresses do not act in isolation—they may also interact. For example, sleep disruption
becomes far more metabolically costly when it occurs against a backdrop of circadian
misalignment, because the brain must maintain basic function while its time-sensitive
repair programs are weakened [25].

Advancing age further shapes pathway resilience because all three maintenance sys-
tems show characteristic shifts over time. Neuroimmune regulation becomes harder to
sustain as microglia adopt more reactive, pro-inflammatory states—a pattern described

https://doi.org/10.3390/jdad3040046

https://doi.org/10.3390/jdad3040046


J. Dement. Alzheimer’s Dis. 2026, 3, 46 12 of 15

in the aging literature as “inflammaging,” a chronic, low-grade immune activation at-
tributed to multiple systemic influences, including metabolic stress and changes in gut
microbiota composition [26]. These broad age-related shifts reduce the system’s ability
to maintain synaptic stability. Mitochondrial efficiency also declines with age, with cu-
mulative metabolic stress and impaired quality-control mechanisms reducing the energy
available for synaptic repair [27]. Proteostatic capacity weakens as autophagy and lysoso-
mal clearance become less responsive [28]. These changes do not cause neurodegeneration
on their own, but they narrow the compensatory reserve that protects against additional
burdens. Individuals with greater immune resilience—the ability to sustain balanced, adap-
tive immune responses across the lifespan—show markedly better long-term outcomes [29],
underscoring that aging increases vulnerability primarily by diminishing repair capacity
rather than initiating disease.

The decades-long Nun Study provides a compelling illustration of how strong com-
pensatory systems can preserve cognitive function even in the presence of substantial
neuropathology. Participants who remained cognitively healthy in advanced age often
showed extensive amyloid plaques and neurofibrillary tangles at autopsy—levels typically
associated with dementia. Their resilience has been attributed to factors such as cognitive re-
serve and stable routines [9]. Yet equally important, their lives lacked many of the stressors
that erode pathway resilience. In this light, the disconnect between neuropathology and
cognitive outcomes is not paradoxical but predictable: when at least one system remains
stable, the brain can tolerate substantial pathological burden.

Down syndrome illustrates the opposite extreme. Triplication of chromosome
21 increases amyloid precursor protein expression, placing a constant burden on protein
management and waste-clearance systems. Overexpression of genes involved in oxida-
tive stress contributes to chronic mitochondrial strain, while neuroimmune regulation is
altered from early life [10]. Each of these factors alone might be manageable, but together
they impose continuous stress across all three systems, leading to the near-universal early
development of Alzheimer-type pathology. Down syndrome thus reinforces the central
premise of this framework: neurodegeneration emerges not from a single cause, but from
the convergence of multiple impaired systems.

Between these extremes lies the general population, where individuals differ widely in
their baseline resilience and in the cumulative stress experienced over a lifetime. Early-life
health, metabolic status, sleep quality, environmental exposures, infections, and lifestyle
patterns—many of which have shifted dramatically in recent decades—all influence the
compensatory capacity a person begins with and how quickly it erodes.

Within this broader landscape, several nuances within the risk-factor literature are
important for interpretation. The 2020 Lancet Commission found that the protective effect
of education is concentrated in the years up to age 20, underscoring the critical importance
of early education [30]. In contrast, the 2024 Lancet Commission reported that midlife
cognitive stimulation from work or hobbies confers protection even in individuals with low
formal education. The latest Lancet report found even stronger evidence that depression is
strongly associated with dementia risk—although, as noted in previous Lancet Commission
reports, in some individuals it may be a prodromal symptom rather than an upstream
causal factor. Whichever the case, depression should always be treated. Excessive alcohol
use, although strongly associated with dementia risk [8], is notably the only risk factor
linked to early-onset dementia (prior to age 65) that does not have a genetic basis [30].

Genetic variation further shapes baseline system load by influencing proteostatic
capacity, mitochondrial efficiency, and neuroimmune responsiveness from early life. Some
individuals inherit variants that confer above-average resilience, while others begin life
with reduced reserve in one or more systems. These inherited differences do not determine
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outcomes, but they influence how much compensatory capacity a person starts with
and how quickly it may erode under cumulative stress. In this framework, genetics
functions as part of the initial conditions that interact with lifelong habits, exposures, and
repair capacity.

Although longitudinal measures of cumulative system load remain limited, this frame-
work provides a coherent structure for interpreting existing findings and identifying pri-
orities for future research. It suggests that everyday clinical decisions may influence
neurodegenerative vulnerability by altering cumulative stress on these systems. It also
highlights the value of strengthening primary care capacity for routine screening of sleep
disorders, sensory impairment, cardiometabolic, and other modifiable risk factors in older
adults, supported by clear referral pathways when indicated. Ongoing management of
conditions such as obesity, hypertension, and diabetes may be particularly important, given
their well-established roles in accelerating vascular dysfunction, metabolic strain, and
inflammatory activation.

10. Conclusions
This framework proposes that neurodegenerative diseases arise when the three core

systems that sustain brain health can no longer compensate for cumulative stress. It raises
the possibility that neurodegenerative risk could one day be estimated—and mitigated—
by assessing the status of these systems on an individual basis and developing targeted
interventions that restore resilience wherever possible. As tools for measuring proteostatic
capacity, mitochondrial efficiency, and neuroimmune regulation continue to advance,
a systems-level approach may allow pathway load to be quantified directly, creating
opportunities for interventions that delay or prevent the emergence of dementia.
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