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Compared to a few decades ago, our environment has undergone a profound transformation. In
technologically advanced societies, individuals are increasingly embedded within complex,
information-rich digital networks which demand unremitting cognitive interaction. These networks,
increasingly encompassing digital Artificial Intelligence (AI) systems, can be viewed as complex
adaptive systems in which individuals act as agents contributing to overall system functionality and
adaptability.

Within this context, we propose an integrated framework that combines two complementary
concepts: the Indispensable Soma Hypothesis and the Law of Requisite Usefulness. The former
suggests that positive (hormetic) cognitive engagement may contribute to neuronal maintenance
through activation of existing neurobiological adaptive pathways. The latter introduces a systems-
level principle, whereby agents which contribute to the overall adaptability and stability of any
complex system tend to become more integrated and functionally significant within that system.

The aim of this paper is to explore how these concepts may be linked and how these can be applied in a
practical way in order to reduce the impact of human aging. Specifically, we examine the hypothesis
that individuals who are meaningfully engaged, both cognitively and socially, within our complex, AI-
mediated environments may experience indirect biological benefits through mechanisms associated
with environmental enrichment, hormesis, soma-to-germline communication, and brain-body
signalling. Our hypothesis complements existing models. Cognitive engagement modulates systemic
repair pathways and enhances maintenance through hormetic and neurobiological pathways, which
may indirectly influence aging and resource allocation, specifically in an increasingly digitalised

society.
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1. Introduction

A central objective in the biology of aging is to understand as many mechanisms as possible, which drive
time-related functional decline, while identifying modifiable factors that may improve health span.
Traditional frameworks, including the disposable soma theory [ and antagonistic pleiotropy 21
emphasize trade-offs between somatic maintenance and reproduction, largely governed by evolutionary
pressures that diminish after reproduction. While these models have provided valuable insights, they do
not fully account for the variability observed in human aging [31, particularly in the context of modern,

technologically enriched environments [4 1t is evident that every individual ages differently due to a

variety of interconnected intrinsic and extrinsic factors.

Aging is a complex process involving not only biological, but also societal, and technological dimensions.
This approach emphasizes that while biological erosion occurs, successful aging is heavily influenced by
environmental, social, and psychological factors, requiring personalized support in order to promote a
healthier and longer life. This view shifts the focus from purely biomedical decline to a holistic, "time-

related dysfunction” model 2L

During the past few decades, increasing attention has been directed at the role of environmental and
behavioral factors in modulating aging. Concepts such as hormesis and environmental
enrichment [l suggest that exposure to mild, adaptive physical, cognitive or social stressors, can activate
cellular repair pathways, enhance resilience, and improve useful function [7U8IO] 1y particular, cognitive
engagement is emerging as a key determinant of brain health, with evidence linking sustained mental
activity to reduced risk of cognitive decline and improved overall well-being 1911 Digital ecosystems
involve continual exposure to rapidly changing, meaningful information requiring adaptive responses,

which lead to persistent neuronal hormesis and altered evolutionary selection pressures on human

maintenance systems.

In this Viewpoint paper we are examining the influence of an increasingly cognitive, digitalised
environment, upon certain aspects of the biology of aging, suggesting that aging is modulated not only
by genetic and environmental factors, but by the organism’s level of integration within complex adaptive
high-information systems. Continued engagement with such complex systems (such as a digitalised Al

society) may generate hormetic and neurobiological signals that help maintain somatic integrity, thereby
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ensuring health span and extending functional lifespan. We introduce the concept that the human
informational environment has become an evolutionary driver. Biology has long recognized nutrition,
infection, temperature, toxins, social and physical activity as environmental drivers. We are proposing
that, in the twenty-first century, Al-mediated and interactive information has become another

environmental force acting on human biology.

2. Hormesis and the neuronal stress response

The concept of hormesis has been gaining acceptance in many fields of biological and clinical medicine.
Hormesis is a biphasic (U-shaped) biological response where low/moderate exposure to a stressor or
toxin leads to beneficial and adaptive effects, while higher doses of the same stressor are harmful, and
very low doses are ineffective. The concept operates on the principle that mild, intermittent stress
triggers repair mechanisms, thus increasing resistance to future stress 121, This protective mechanism is
based on stimulation of cytoprotective pathways, such as the production of antioxidants, molecular
chaperones (for instance, heat shock proteins), modulation of autophagy, proteostasis, apoptosis, and
DNA repair mechanisms 2L Hormesis helps cells maintain longevity through constant, controlled
adaptation. Examples of hormesis include physical exercise, phytochemicals, dietary restriction, and

cognitive stimulation [14]

Within the framework of hormesis, we propose that mild stress originating from sustained engagement
with cognitively-demanding, information-rich environments (such as those encountered in our modern
digitally-mediated information ecosystems, and Al settings) may contribute to the maintenance of
somatic integrity and resilience during aging by activating the neuronal stress response through
neurobiological hormetic, and systemic adaptive pathways. These pathways also include neuroplasticity
and neuroendocrine signalling, which collectively enhance cellular repair, resilience, and functional
capacity across multiple biological levels. In this context, neuronal activity represents a metabolically and
functionally significant component of the soma, capable of influencing organismal homeodynamics

through established brain—body communication pathways.

3. The Indispensable Soma Hypothesis

Our Indispensable Soma Hypothesis (15106l js mechanistic extension of this framework, and proposes

that when a human is deeply integrated into a complex technological or cognitive society, their survival
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becomes very relevant to that society. As a result, cellular repair resources may shift from the germline
and are re-directed toward the somatic cells (neurons) thus delaying the process of aging. Instead of
investing heavily in reproductive cells (as is traditionally dictated by evolutionary biology), the organism
may shift several aspects of its biological maintenance and repair resources to the soma (particularly the
neurons) to keep the individual functional. The hypothesis assumes that participating in a hyper-
connected, information-rich, Al-mediated ecosystem creates unique evolutionary pressures, leading to

the suggestion that age-related degeneration can be naturally mitigated through this environmental and

cognitive immersion, rather than solely relying on medical or pharmacological interventions 116,

Early indications from model organisms show that bidirectional communication exists between
germline and somatic tissues, mediated through molecular and epigenetic pathways O7108) WWhile these
interactions are well documented in lower organisms 12120l their relevance to human aging remains
incompletely understood. We hypothesize that, in humans, sustained neuronal activation as a result of
interacting with complex cognitive and Al-based environments may influence these soma-to-germline
dynamics fe] Importantly, this hypothesis does not assume a deterministic redistribution of biological
resources from germline to soma. Rather, it suggests that behavioral and environmental factors—
particularly those involving meaningful cognitive stimulation—can modulate systemic physiology in
ways that favor somatic (neuronal) maintenance and delay aspects of age-related functional decline. This
framework proposes that aging may be influenced by the degree of an individual’s engagement with
complex, adaptive digital environments L1 1t s plausible that sustained neuronal activation may
influence systemic resource allocation through established brain—body signalling networks. Further
empirical research is required to clarify the underlying mechanisms and to determine the extent to which

these processes contribute to human longevity and health span.

4. Requisite Usefulness

Nested within the Indispensable Soma Hypothesis is the concept of requisite usefulness (221, This concept
suggests that ‘any agents (biological, human, digital) which contribute to system adaptability, tend to occupy
positions that increase their own probability of survival within that system. In complex adaptive systems
(such as a human organism, or a human society), participants who enhance the stability and functional
integration of such systems, tend to become more connected, stable, and influential within the network.
We hypothesize that this systems-level integration may indirectly influence biological aging. Specifically,

individuals who are cognitively and meaningfully engaged are more likely to experience sustained
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activation of the neurobiological pathways mentioned above, pathways associated with environmental
enrichment and hormesis, which may support somatic maintenance and reduce the impact of aging [o][13]

23] These pathways include modulation of stress responses, enhancement of neuroplasticity, and

downstream effects on immune, metabolic, and repair mechanisms.

For our purposes, ‘Usefulness’ is “the degree of positive participation of an agent in complex,
information-rich adaptive networks”. We do not suggest that usefulness itself modifies biology; rather,
usefulness increases the probability of repeated exposure to cognitively demanding environments that
activate known adaptive repair pathways. A component of a complex system is considered ‘useful’ when
it contributes significantly to the system's ability to create, maintain, and adapt to emerging patterns,
usually in an interactive, non-linear manner. Examples include maintaining resilience during
disturbances (homeostasis), enhancing learning through feedback loops, and producing emergent,

innovative biological solutions.

Importantly, this integration is not proposed to directly alter biological aging through a top-down
selection process. Rather, it is likely mediated through indirect pathways. Individuals who are more
engaged within their environments tend to exhibit behavioral and lifestyle patterns associated with
improved health, including increased cognitive stimulation, social interaction, purpose-driven activity,
and adaptive stress exposure. These factors are known to influence physiological systems in ways that
support resilience and functional maintenance (241251 The Law of Requisite Usefulness is not proposed

as a physical law but as a systems principle analogous to principles used in cybernetics and complex

adaptive systems.

5. Discussion

According to the hypothesis under consideration here, we are suggesting that modern Al-mediated
digital environments may represent the most intense and scalable form of meaningful cognitive
engagement yet encountered during human evolution. Those individuals who are embracing this new
ecological niche, tend to remain biologically functional for longer within that environment. These
humans may be able to broadly reduce the impact of their aging and thus survive for longer because they

are repeatedly exposed to adaptive stimuli which favour neuronal maintenance [26]

For a significant section of humanity, the current environment is now becoming considerably different

compared to previous environments. Our modern environment is no longer a community of interacting
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species, but increasingly, a combination of just two principal elements: humans and computers (artificial
intelligence/internet). Systems tend to increase both the fitness and the life-span of their individual

components if these components provide useful functional feedback to the system.

The cybernetic concept of ‘Selective Reinforcement’ [27]28] provides additional theoretical support for
the above submission. The concept holds that system dynamics tend to favour an agent (or action) if its
content of information is of a sufficient and appropriate magnitude. This is a universal theme also
encountered in the survival of neurons in the brain. The concept can be extrapolated to humans who act
as autonomous creative agents within a technological society. Such creative humans improve the
flexibility of the system and provide many degrees of freedom, enabling the system to store more useful
information and thus enhance functionality, adaptation and evolvability (i.e. longer survival). Attempts
have already been made to elaborate on some possible biological mechanisms which may potentially
underpin this increased physical longevity. One such mechanism involves information - sharing
processes which facilitate a re-allocation of resources from germline cells to somatic cells. This was
briefly mentioned above, and will be discussed in more detail below. In addition, it has been shown that
appropriate external stimulation may cause epigenetic reprogramming, where an adult cell (old) can
revert to a pluripotent (young) stem cell, and even that this epigenetic information may be heritable [291

30][31

The framework proposed here attempts to bridge biological, behavioral, and systems-level perspectives
on aging. At its core lies the idea that sustained cognitive engagement within complex digital, Al-
mediated environments can influence organismal physiology through well-established mechanisms,
including hormetic stress responses, which modulate immune function, metabolic regulation, and
cellular maintenance and repair. Evidence from experimental and observational studies supports several
components of this framework. Environmental enrichment has been shown to improve cognitive
function, enhance neuroplasticity, and exert systemic effects on immunity, inflammation, and tissue
repair 321331341351 gimjlarly, hormetic stimuli—including cognitive challenges—can activate stress-
response pathways that promote cellular maintenance and expand the organism’s homeodynamic
capacity [13114] While much of the detailed mechanistic evidence derives from model organisms, there is

growing support for analogous processes in humans (611141361

The interaction between somatic and germline maintenance systems represents an additional area of
interest. Sustained neuronal activation may influence organismal homeostasis through indirect

signalling pathways, and perhaps, (more speculatively) through direct competition with the germline for
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resources. In a study by Wong et al. B7 it was shown that microRNAs which are normally found in the

brain, may act on germline mRNA targets, modifying gene expression in the germline.

It has also been suggested [38] that somatic elements may interfere with apoptosis of germline cells, at
least in C.elegans, where somatic factors (such as CEP-1) where found to modulate apoptosis in gonadal
cells. This strengthens the position that the nervous system is able to influence events on the germline.
This framework also resonates with broader trends observed in modern societies. As environments
become increasingly cognitive and information-driven, there is a shift toward activities that demand
continuous mental engagement and adaptation. At the same time, demographic patterns such as
increased lifespan and reduced fertility have emerged. While these phenomena are influenced by multiple
factors, including socioeconomic conditions, it is worth considering whether long-term changes in
cognitive and environmental demands may also contribute to shaping biological aging processes. We
know for example, that there is a reciprocal relationship between cognitive function and inflammation,
where higher cognitive ability or greater engagement is associated with lower levels of peripheral pro-

inflammatory markers (such as C-reactive protein, IL-6, and TNF-alpha) 91,

In summary, we claim that fostering cognitive engagement, with exposure to meaningful information
that requires us to act, should protect against long-term age-related decline. The key message here, is to
embrace human-computer co-creativity. Human aging evolved under conditions where cognitively
demanding environmental challenges were intermittent, local, and relatively slow. Contemporary Al-
mediated digital ecosystems expose the brain to an unprecedented volume, speed, complexity, and
interconnectedness of meaningful information requiring continual adaptive responses. We hypothesize
that this novel informational ecology constitutes a sustained hormetic stimulus capable of enhancing

neuronal maintenance, systemic resilience, and perhaps evasion of aging.
6. Critique and Justifications

6.1

Classic evolutionary theories suggest that selection pressure declines sharply after reproduction. Our
hypothesis creates an evolutionary tension, because it implies that continued “usefulness” can maintain
somatic investment even post-reproductively. The question here is “Why should evolution maintain the

soma for post-reproductive usefulness?” One possible answer is provided by the Evolvable Soma Theory

of Aging (ESTA). In recent computational studies by us [401[4] we introduced the ESTA, positing that
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aging itself may be a form of evolutionary experimentation. We modelled evolution in such way that gene
expression timings could evolve. This evolvable soma scenario outperformed classic models—suggesting
organisms may maintain the soma deliberately as a substrate for evolutionary ‘testing’. With age
progression, somatic cells express genetically-encoded epigenetic changes—some deleterious, some
potentially adaptive—allowing evolution to test innovations in a period characterized by reduced
evolutionary pressure and lower risk. This reframes soma not as “disposable,” but as necessary substrate

for exploration by evolutionary processes, a reframing aligning with our hypothesis.

ESTA posits that aging is not merely a byproduct of limited evolutionary pressure, but an active,
genetically driven process, where cumulative bodily damage results from evolutionary experiments in
late life. It suggests that these late-life adaptations, driven by epigenetic mechanisms, are evolutionary
attempts to refine species design with lower fitness costs. ESTA simulations suggest that the soma is
preserved for evolutionary flexibility, and not simply discarded. Together, these findings converge on a
unified insight: the soma cannot be considered as always disposable. When its integrity benefits

organismal adaptability, resilience and healthy evolution, then it becomes indispensable.

6.2.

In our approach, we claim that meaningful cognitive stimulation may divert repair resources from
germline to neurons. This is speculative at present, although the general concepts behind this remain
valid: we know that germline—soma communication exists (mostly shown in worms and flies), hormetic
stress improves repair, and that brain activity affects systemic physiology. The idea that "germline repair
decreases as neuronal repair increases” describes a fundamental evolutionary trade-off in resource
allocation, where organisms prioritize the maintenance of somatic tissues (specifically, the brain) over
the long-term integrity of their germline cells. There is a soma-to-germline conflict exemplified by the
"expensive germline” hypothesis. This suggests that maintaining high-fidelity DNA repair in both the
germline (egg/sperm) and the soma (body cells) is too energy-intensive (42)[43] 1y this trade-off, neurons,
which are post-mitotic and essential for survival, are protected by robust repair mechanisms. When these

resources reach an upper limit, existing capacities could be exhausted [a4]

While experimental confirmation of our Indispensable Soma Hypothesis is not yet abundant, a number
of emerging scientific frameworks resonate with its core idea: that soma and germline are not rigidly

separate, and that somatic maintenance can become indispensable under certain conditions. Evidence for

a bidirectional germline—soma signalling is becoming more widespread %3], Traditionally, the Disposable
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Soma Theory treats soma as expendable relative to germline. However, recent finding show signals from
germ cells protecting the soma under DNA damage stress [46] and we also know that some
neurodevelopmental disorders show ectopic expression of germline genes (such as DNMT3B, G9A/GLP,
MECP2, and KDM5C), in the brain 471, This strongly suggests the relationship is reciprocal, supporting
the idea that somatic integrity can elevate when germline status declines. This trade-off is considered an

evolutionary compromise for longevity and cognitive function over reproductive perfection 214811491

A study in Caenorhabditis elegans 2% confirmed that germline-derived signals (like piRNAs and
Hedgehog-like factors) actively inhibit somatic mitochondrial stress responses, implying that the soma’s
health is being regulated—and even compromised—based on germline status 131 This mutual
dependency supports the idea that the soma is not expendable—it’s actively integrated in organismal
fitness and potentially indispensable under certain conditions, echoing our notion of a conditional

Indispensable Soma.

6.3.

There is a problem with overextension from model organisms to humans. Although there exists evidence
that germline—soma dynamics are found in model organisms (C. elegans, Drosophila (17)[50]) there is no
sufficient evidence that this is directly transferable to humans. This is a speculative extrapolation. We

address this by arguing:

We know that in extreme/stressful environmental conditions such as very low or very high temperatures,
or food scarcity, organisms (including humans) tend to give priority to survival instead of
reproduction (52)(33], Repair resources such as ATP, NAD+, amino acids, stem cell activity, and endocrine
signals, are diverted from germline maintenance, to somatic maintenance. Similarly, the (positive)
cognitive stress we encounter in our modern digitalised society could be conceptualised as such an
extreme (stressful/hormetic) situation which triggers prioritization of resources towards survival (of the
neuron), over reproduction 2216}, Neurons have considerable metabolic demands and they are highly
dependent on this continuous diversion of maintenance factors to prevent neurodegeneration and
maintain peak cognitive function [54), cognitive function which is essential in thriving in an environment
saturated with digital information that requires action. However, we acknowledge that this area needs a
much more solid grounding and research, that is why we present it as a hypothetical perspective of a

scientific framework, and not as a proven theory (Table 1).
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* Older adults engaging daily in meaningful Al-assisted problem solving should show slower cognitive decline

than those with equivalent education but passive digital use.

* Biomarkers associated with hormetic adaptation (e.g., BDNF, stress-response proteins, inflammatory profiles)

should correlate with sustained meaningful cognitive engagement rather than total screen time.

* Passive digital consumption ("doomscrolling”) should not produce the predicted benefits and may even have

the opposite effect.

* The quality, novelty, and action-requirement of information should predict outcomes better than the quantity

of simple digital exposure.

* Future prospective, controlled, graded-dose studies with health and cognition endpoints should show a U-

shaped pattern hormesis-like stress-response signature.

Table 1. Falsifiable predictions arising from this framework

6.4.

Our position is that meaningful cognitive engagement within a complex society leads to mild neuronal

stress (hormesis) and then to adaptive repair. But is this a justified claim?

A. Overextension of the presence of general hormesis

A relative weakness of our hypothesis is that it does not provide a direct test of cognitive hormesis in
human aging. Direct, rigorous human aging trials testing the proposed dose-quality boundaries are not
discussed as these are not yet available, although preliminary evidence exists (12)014), oyr paper is a
narrative synthesis which is based on cross-species extrapolation and increases the risk of
overgeneralization to humans. In humans, factors such as individual risk profiles, comorbidities,
medications, age-related degenerative conditions, and physiological vulnerability matter, and biological

plausibility does not always justify universal generalisations.

B. Does digital exposure lead to hormetic (beneficial) stress?

Another potentially vulnerable point of our hypothesis is our argument that, specifically, digital

information could cause hormetic (mild but useful) cognitive stress. In fact, digital overload can impair
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cognition. Although evidence for cognitive stimulation resulting in neuronal benefit exists, evidence for
digital exposure specifically causing hormesis is weaker, but possible 53], Digital hormesis depends on
"meaningful” exposure. The key here is that digital exposure should be engaging, new, and requiring
action (constructive/creative thinking) rather than mere passive, addictive scrolling. Low-quality
exposure to digital information, with superficial, rapidly digested content (low quality scrolling for
example), has been linked to “brain rot” 136l Therefore, the digital exposure must not be trivial or
unchallenging, but meaningful, important, valuable, complex, and requiring a positive effort. This type of
digital exposure triggers a mild stress response in neurons 51I571(581[591(601 activating molecular
mechanisms that improve synaptic plasticity and neuronal health [61l  potential positive outcomes
include increased cognitive adaptability, reduced risk of age-related cognitive decline, and improved
mental well-being when used as part of an active lifestyle. Similar to physical exercise, this stimulus has a
beneficial effect within a specific range, the ‘Hormetic Window’. Overexposure to digital content can
exceed this threshold, leading to detrimental effects such as anxiety, addiction, and decreased mental

performance.

Some preliminary evidence supports the presence of cognitive hormesis in humans 621 our own
research shows that appropriate video games may improve cognitive faculties in older people [631(64] 11
addition, digital cognitive stimulation (DCS) or computerized cognitive training (CCT) are promising
interventions that increase brain-derived neurotrophic factor (BDNF) levels, facilitating neuroplasticity,
enhanced synaptic connectivity, and improved cognitive performance, particularly in older adults [65]
Beneficial digital exposure refers to the strategic and meaningful use of technology. Examples of
beneficial digital exposure in humans include the use of interactive educational programs and actively
engaging with novel information, constructive use of apps, Al or platforms that encourage creative
thought, and movement-based apps or active video games that promote physical activity [o61[671[68] 1y
order to maximize the benefits of digital hormesis, intentional and moderate engagement is required,
often balanced with periods of digital detox [64] WWhen applied to Artificial Intelligence, the framework of
cognitive hormesis suggests that manageable, "meaningful” challenges, such as problem-solving with AI
(human-computer creativity ©9) and other unfamiliar, complex information exposure can act as a

‘digital exercise’ and enhance brain function ZZU721[731[74]
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7. Summary and Conclusion

While our hypothesis awaits robust direct empirical confirmation, it is strongly supported by theoretical
simulations, empirical data on germline-soma signalling, and valid extensions of existing aging models,
such as activation of proteostasis [E, all of which may be contributing to a shift in how we conceptualize
the soma: from disposable, to conditionally indispensable. These notions reinforce the idea that somatic
integrity must be actively managed to delay systemic drift—moving the soma from failure-prone, to co-
regulated with survival and adaptation. Together, these findings converge on a unified insight: the body
is not always disposable—it may be indispensable when its integrity benefits the adaptability and
resilience of the human society. Our position is that meaningful cognitive engagement within a complex
technological society may lead to mild neuronal stress (hormesis) and then to adaptive repair. As a
powerful systems-level extension of existing theories, our model proposes that the soma is maintained
longer when it remains functionally indispensable within a complex adaptive system, which, in this case,
is the modern Al-mediated society. This model aligns with several existing notions such as the
Disposable Soma Theory (but with inverted emphasis), antagonistic pleiotropy, hormesis (stress-induced
adaptive maintenance), neuroplasticity and cognitive reserve. As a key contribution, we shift aging from
passive decline to conditional maintenance based on systemic value. This also aligns with other
emerging views on ageing, and it integrates multiple domains such as cellular biology, evolutionary
theory, information/complex systems, behaviour and cognition (Figure 1). These proposed organising

principles are not simply elegant summaries, but genuinely necessary explanatory structures.

geios.com doi.org/10.32388/53LWVE

12


https://www.qeios.com/
https://doi.org/10.32388/53LWVE

Novel information « Human-Al interaction « Digital collaboration » Continuous learning

ESTABLISHED BIOLOGICAL PATHWAY PROPOSED SYSTEMS HYPOTHESIS

Al diated et

{ @ Modern Al-mediated Environment }

|
Greater functional usefulness

Contribution, creativity, 3
L knowledge generation Too little challenge

Cognitive challenge Ragsite zcilling
Novelty, complexity, decision making, J' Routine information
information requiring action "

Greater continued engagement Low engagement

Active learning, problem solving, creativity, (]
goal-directed interaction

A
v
Pe

» @ e F XKOW

3 N < s P
Hormetic neuronal stimulation Meaningful participation, ‘
Mild stress within the optimal window PR social connection
‘ (inverted-U response) ¢ Minimal adaptation
|

Neuronal adaptation R dh s norn
Neuroplasticity + BDNF « Autophagy epeated hormetic activation
P S M hor i et

( ) Sustained cognitive challenge
Uu\

Hizeanaipp within optimal window

. : A Too much challenge
Brain-body signalling ¢
Immune « Endocrine + Metabolic X # Information overload
communication Sustained maintenance @ Digital stress

y > i e i
Enhanced somatic maintenance it - 5 Protection of neuronal and Anxiety, burnout
g o systemic functions
P repair, 1ce, pi @

homeodynamic balance }

Maladaptation
Longer functional healthspan Longer functional participation Reduced resilience,

[ X ]
Delayed functional decline, ﬂ@ Active role in family, society impaired health
better quality of life and digital ecosystem

Positive adaptive feedback
Health enables engagement; engagement promotes health

B Blue boxes: established biological ] Green boxes: proposed systems-level Red boxes: conditions outside the
mechanisms supported by consequences forming the basis of hormetic window that may lead to
experimental evidence. the present hypothesis. minimal adaptation or maladaptation.

Figure 1| Proposed biological and systems pathways linking meaningful Al-mediated engagement with healthy ageing.

Meaningful interaction with complex Al-mediated environments provides repeated cognitive challenges within the hormetic window. Established biological
responses may enhance systemic maintenance, while healthier individuals remain active contributors within complex adaptive systems,

creating a positive feedback loop between cognition, biological resilience and continued engagement.

Figure 1.

Several limitations are acknowledged. The hypothesis presented here is integrative and conceptual, and,
while it is grounded in established biological principles, direct empirical evidence linking system-level
integration to human longevity remains limited, although promising. Longitudinal studies and

interdisciplinary approaches will be particularly valuable in testing these ideas (Table 1).

The integration of the Indispensable Soma Hypothesis with the Law of Requisite Usefulness offers a
novel perspective on aging, emphasizing the interplay between cognitive engagement, system
integration, and biological maintenance. Rather than viewing aging solely as a passive process of decline,
this framework suggests that it may be modulated by the extent to which individuals remain actively
engaged within digitally complex, adaptive environments. Here, we use concepts such as hormesis,
environmental enrichment, neuronal stress response, and soma-to-germline signalling, which are solid
and defensible, well supported by research, mechanistically plausible, and clinically relevant. Our
perspective is a systems biology extension of hormesis and plasticity, where continued engagement in

complex adaptive environments may maintain organismal integrity, and reduce age-related
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degeneration. Positive Al-mediated interaction can become a biological driver of healthy aging but only

meaningful, adaptive engagement that remains within the hormetic window is beneficial.

The central claim of this paper is not that all these mechanisms have been fully demonstrated, but that
together they define a coherent conceptual framework generating experimentally testable predictions.
Modern digital environments provide an unprecedented real-world experimental context in which
established biological principles may interact in ways not previously encountered during human

evolution.

Glossary

Al-mediated environment = a setting where artificial intelligence tools are so deeply embedded that

interacting with Al is a constant, unavoidable part of daily operations

= Indispensable = functionally difficult to replace within the adaptive dynamics of a complex system

= Cognitive engagement = the sustained, active mental effort to understand complex ideas or master
challenging tasks, defined by deep processing rather than superficial learning

= Hormesis = a biphasic biological response where low doses of a stressor or toxin generate positive,
adaptive effects, while high doses of the same stressor are harmful

= Meaningful information = ‘information-that-requires-action’, NOT trivial information

= Meaningful cognitive engagement = information processing that simultaneously requires novelty,
interpretation, decision-making and behavioural or creative response

= Digitalised environment = an environment saturated with exposure to digital information

= Soma = All living matter of an animal except the reproductive cells. Here, we refer specifically to
humans, and primarily to neurons

= Germline = Cells that are dedicated to reproduction (sperm and eggs)

= Agent = Anyone or anything that has the power to act and produce an effect
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