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Abstract

Chronic inflammatory diseases are the most significant cause of death in the world and entail
severe impairment to quality of life. The World Health Organization (WHO) ranks chronic
inflammatory diseases as the greatest threat to human health and wellbeing. Inflammation is
epicentral to many clinical conditions and symptoms, and it is anticipated that the health,
economic, and mortality burdens associated with chronic inflammation will steadily increase
in the United States over the next 30 years. An inflammatory model of disease premises that
peripheral injury/trauma/toxins release signaling mediators that activate glial components of
peripheral and central cellular circuitry which if prolonged causes toxification of the central
nervous system, or neuroinflammation. This inflammatory process is associated with an array
of systemic symptomatology affecting somatic, neurocognitive, and affective domains, that
can often be misdiagnosed and/or ineffectively treated in the clinic. Centralized
neuroinflammation determines a range of conditions and their clinical trajectories, from
autoimmune diseases, cancers, cardiovascular diseases, chronic pain, to neurological and
psychiatric disorders. It is coming to light that mind-body medicine, defined here as
mindfulness- and yoga-based interventions, appear to modulate peripheral cell signaling
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involved with inflammatory response. Translational mechanism nor intervention specificity of
this early data is currently clearly delineated, posing an exciting and highly beneficial frontier
for further empirical exploration in the field of integrative mind-body medicine. Here we
initiate an allostasis model of working mechanism that aims to inform methodological design
and ensuing empirical perspectives.
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1. Inflammatory Hypothesis of Disease

Chronic inflammatory diseases are the greatest threat to human health and wellbeing, and most
significant cause of death in the world according to the World Health Organization (WHO) [1].
Chronic inflammation and associated health, economic, and mortality burdens have been steadily
increasing at a global scale, with this trend anticipated to continue over the next ~30 years [1, 2].
The mechanism of inflammatory response can be helpful to ensure homeostasis of the biological
system and timely healing. Most infections/traumatic injuries are repaired swiftly, and homeostasis
is restored. However, when this mechanism becomes over-exuberant or protracted, the adaptive
inflammatory process is replaced by a chronic systemic inflammation that is the cause and
exacerbation of biological fragility and many disease states [3]. Autoimmune, bone and joint, all
cancer stages, cardiovascular, diabetes, metabolic, neurological, and pulmonary, medical conditions
are universally associated with significant chronic inflammation [4]. Even psychiatric conditions that
were previously not considered inflammatory disorders, such as mood disorders and psychosis, are
now known to have a bidirectional relationship with inflammation, displaying elevated levels of
circulating inflammatory cells and mediators [5]. The molecular connection between chronic (low
grade) inflammation and “non-communicable” diseases is well established [6]. When one part of
the inflammatory chain becomes dysregulated, continued inflammatory response ensues in the
absence of acute stimulation causing inflammation of the central nervous system, also defined as
neuroinflammation [7]. This peripheral-to-central neuroinflammatory process [8], is multicellular
and mediated by neuroglial cells of the central nervous system. Chronic neuroglial and cytokine
activation of the central nervous system (neuroinflammation) is present in neurodegeneration,
neuronal dysfunction, injury, and disease progression across diverse clinical populations [9, 10].

2. Inflammation and Systemic Disease Sequelae

To simplify, inflammation activates the immune system and proinflammatory cytokine
production via ‘Protection-Associated Molecular Patterns’ (PAMPs), such as release of
neutrophil/monocytes, interleukins (i.e. IL-1, IL-6), and tumor necrosis factor/TNF by neuroglial
macrophages during early innate immune response [11]. In acute stages, termination of pathogenic
factors, i.e. infection, tissue/cell damage, toxic compounds, eliminates the harmful stimulus
towards resolution and restoration of homeostasis. This process becomes chronic if the
inflammatory response is not resolved and/or a new trigger of secondary inflammation ensues such
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that a non-immune pathophysiologic process, which mirrors the normal immune response,
continues through ‘Damage-Associated Molecular Patterns’” (DAMPs). Figure 1 (below)
demonstrates the differentiated progression of resolving/adaptive versus cyclical non-
resolving/maladaptive inflammation at the molecular level [12]. A non-resolving cycle of
inflammatory response can initiate from direct primary insult/injury to the central nervous system,
although in most instances, reflects a peripheral-to-centralized secondary neuroinflammatory
process (brain-to-periphery inflammatory communication is also possible, albeit less researched
[13]). This is where ‘unmanageable’ levels of inflammatory cells and mediators in non-central
nervous systems/structures (peripheral inflammation) may progress to toxicity of the entire central
nervous system, or centralized neuroinflammation. For example, chronic inflammation increases
prolonged cytokine expression within the central nervous system that is recognized by the brain as
a molecular signal of “sickness”. In turn, this can have knock-on effects to the blood-brain barrier,
brain-spinal barrier, blood-cerebrospinal fluid barrier, and/or neuro-axonal structures [14, 15].
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Figure 1 lllustration of adaptive (A) and maladaptive (B) inflammatory process.
Reprinted with permission [12].

Other connective pathways also form part of this systemic signalling network. Central nervous
system modulation associated with the peripheral-to-centralized process of systemic inflammation
has bidirectional dynamics with the neuroimmune, neuroendocrine, and peripheral autonomic and
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enteric nervous systems [16]. The hypothalamic-pituitary-adrenal axis is a complex system of
neuroendocrine pathways that is primarily involved in the biologic regulation to stressors [17].
Disproportionate stress response through exuberant activation of the hypothalamic-pituitary-
adrenal axis is associated with increased inflammation [18]. The central and enteric nervous systems
share various structures, neurotransmitters and signalling pathways to form the brain-gut-
microbiome axis [19], which primarily modulates the central nervous system via a bottom-up
pathway through neuroimmune and neuroendocrine mechanisms and the vagus nerve [20].
Emerging evidence is highlighting the priority of targeting the vagus nerve as one of the main
connective pathways between the brain and the periphery through the gastrointestinal tract in the
treatment of various inflammatory conditions [21]. Changes in the microbiome can be beneficial for
acute inflammatory stages and immunoregulatory function. Albeit, chronic microbiome changes
and associated proinflammatory divisions of microbiota also appear to underline many chronic
inflammatory diseases [16]. In sum, maladaptation to all or part of these regulatory pathways can
contribute to the overall toxicity to the central nervous system, or neuroinflammation.

Patients with neuroinflammation (either from direct insult to centralized systems, or more
commonly progression of abundant peripheral chronic inflammation that ultimately toxifies the
central nervous system) will present in the clinic with nonspecific symptoms of sickness that are
systemic in nature and often manifest in clusters [16, 22]. These include perceptual changes to
temperature, sensitivity to pain, fatigue, cognitive dysfunction, altered appetite and mood, that
result in diminished activity and mood disorder [23-25]. This can be difficult for the clinician to
identify and address since the original medical problem that facilitated the neuroinflammation in
the first instance may no longer be attributed to the symptoms and/or may no longer be
present/observable. More broadly, depressogenic symptoms and sickness behaviors have been
linked to common inflammatory pathways [26], which due to similarities in their clinical
presentation, some clinicians might misdiagnose depression/low mood and prescribe anti-
depressants that will target only one facet of the clinical issue. Another topical example is the
Coronavirus Disease 2019 (COVID-19), originally understood as a highly contagious local respiratory
virus. As clinical understanding of this virus unfolds, many cases continue to develop systemic
symptomatology affecting almost all organ systems (cardiovascular, endocrine, gastrointestinal,
hepatic, renal, and nervous systems). COVID-19 has shown to induce chronic inflammation in
patients with and without pre-existing conditions [27]. Those known to have been infected while
not showing signs of specific acute infection, in some cases are suffering prolonged systemic disease
symptomatology, termed post-acute COVID-19 syndrome [28], akin to centralized inflammation
caused by the original infectious pathogen. The prolonged trajectory of COVID-19 related systemic
inflammatory symptoms is under continued study, with disease diagnostic definitions, outcomes,
and treatment options remaining an area of urgent need since post-acute sequelae could become
a significant global health burden [29].

3. Re-thinking Treatment of Neuroinflammation Through the Lens of Mind-body Interventions

Neuroinflammation may represent a form of neuroplasticity that can theoretically be reversed
by neuroplastic interventions. For example, accruing evidence suggests significant cross-correlation
between the neuroimmune system and neuroplastic mechanisms in responsiveness to chronic pain
[30, 31], neuronal adaptation in mood disorders [32], neuroimmune plasticity factors involved in
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central nervous system injury such as traumatic brain injury, spinal cord injury, and/or stroke [14,
33], and immune macroenvironment plasticity in cancer models [34], to name a few.
Neuroinflammation manifested by prolonged cytokine signalling amplified through the central
nervous system cytokine network, causes detrimental effects to neurotransmitter activity, synaptic
plasticity, neuroendocrine function, and resultant behaviors/symptoms [31]. Moreover, central
nervous system-specific neuroimmune cells that serve as tissue-resident macrophage are unlike
peripheral macrophages. They have unique immunological properties through the ability to shift
function based on a process of polarization [35]. In their non-pathological — or homeostatic — state
they regulate neuronal activity, synaptic plasticity, and maintain brain homeostasis. However, in
their pathological -or activated — state (the DAMP-PAMP process outlined above), they serve critical
neuro-immunological functions by recruiting large scale cytokine and peripheral immune cell
production towards pathogen destruction, debris clearance, and tissue repair [36]. This highly
complex dynamic process is bidirectional and involves many neuroimmune cells and mediators that
serve different roles depending on cues in the surrounding microenvironment. The “pro-
inflammatory” phenotype is the classic first responder to toxin/injury/insult by releasing pro-
inflammatory cytokines and neurotoxic molecules that promote inflammation and cytotoxic
reactions. The “anti-inflammatory” phenotype once activated secretes cytokines and nutrient
factors that promote the function of repair, regeneration, ultimately restoring homeostasis [35, 37].

Many contemporary treatments for “systems diseases”, i.e. those underlined by chronic
neuroinflammation (albeit inflammatory processes, peripherally and/or centrally, can be traced to
practically all medical conditions), offer a ‘piece-meal’ interventional approach by treating singular
symptoms, rather than whole systems or the central pathway that connects systems. For the patient,
this can entail complicated treatment regimens comprising a gamut of different medications
targeting specific symptoms that increase risk for further toxicity to the central nervous system,
contraindications, and anti-neuroplastic effects. Such a treatment strategy ultimately serves to
decrease treatment optimization, adherence, and potentially exacerbate further centralized
inflammation, causing a potential symptom <--> treatment ‘catch-22’ scenario. Mind-body
interventions, such as yoga and meditation, present compelling integrated therapeutic alternatives
to this piecemeal approach. While mind-body medicine is often used as an adjunctive approach,
structured mindfulness programs have been designed as stand-alone interventions, and show
comparable efficacy as usual treatments when well-adapted for specific conditions [38]. For
example, a combined nine randomized clinical trials totaling 1258 depression patients compared
Mindfulness-Based Cognitive Therapy (developed in 2002 for depressive relapse prevention), with
placebo, treatment-as-usual (psychotherapy), and antidepressant medications. Compared with
antidepressants, MBCT showed to provide protection on-par with upto 3-years of continued
medication use [39], and no MBCT-related side effects were reported in these studies.

Whilst mechanistic research for the clinical success of such interventions remains an early and
exciting frontier, extant understanding of possible mechanism/s by which mind-body interventions
work suggests the potential to target various systems, sub-systems, and clinical outcomes. Some
regard this present evidence base indicative of non-specificity in the working mechanism/s of mind-
body medicine. However, it may be that mind-body interventions, such as meditation and yoga,
target central systems and/or connective biological pathways, explaining the wide scope in clinical
action. Further investigation is warranted, although this premise seems a promising unifying
theoretical perspective to understanding the seeming lack of clinical specificity. Another perspective
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is that mind-body interventions have multi-levelled clinical action mechanisms. Since inflammation
is central to many disease states and processes, this would have explanatory value for the wide-
reaching clinical impact being reported. Examining the multi-levelled mechanistic interplays
connected to the wide clinical scope may also require sophisticated multi-dimensional and
encompassing approaches to identification/measurement in terms of mechanistic research and
understanding complex therapeutic processes of mind-body interventions that appear to affect
multiple systems simultaneously.

Mindfulness interventions appear to enact neuroplastic effects. For example, a seminal
longitudinal study reported that mindfulness-based intervention (versus waitlist control) was
associated with increases in regional brain gray matter density [40], albeit to date these findings
have not been replicated. A review of 20 randomized controlled trials involving 1602 mixed patients,
demonstrated promising effects of mindfulness interventions upon biomarkers of immune system
activity. Findings included (i) reduction in the cellular transcription factor NF-kB, (ii) reduced
circulating levels of blood-based C-reactive protein (CRP) a marker of inflammation, (iii) enhanced T
lymphocyte cell counts (CD4+T), and (iv) increased telomerase activity [41]. Further research has
demonstrated that mindfulness meditation (compared to a relaxation condition) increases default
mode network resting state functional brain activity with regions involved in top-down executive
modulation (i.e. dorsolateral prefrontal cortex) that also correlated with decreased circulating
cytokinetic IL-6 at 4-month follow-up in a high stress sample [42]. These cytokine effects extend to
oncologic populations, as a study in 322 recovering breast cancer survivors showed increased IL-6
and TNF-a levels at 4-month follow up in those exposed to mindfulness intervention compared with
usual care [43]. While IL-6 can exert both pro- and anti-inflammatory properties, TNF-a is a pro-
inflammatory cytokine, adding complexity to the result interpretation. The authors surmised
because cytokine levels didn’t increase during the mindfulness intervention trial, that the increased
IL-6 and TNF-a levels may have reflected a mindfulness-related immune restoration process post-
exposure [43]. Since the study did not include any other measures that would inform clinical status,
it is difficult to interpret these findings. Other studies provide support that mindfulness
interventions significantly modulate cytokine marker levels in breast and prostate cancers [44-47].
Other studies provide preliminary support for anti-inflammatory effects of mindfulness in healthy
populations, such as the down-regulation of pro-inflammatory NF-kB transcription in isolated older
adults. Although the n = 16 Mindfulness-Based Stress Reduction/MBSR (versus n = 19 wait-list
control) sample was on the low side for RNA bioinformatics, and the examined sample had
significantly up-regulated expression of pro-inflammatory genes in circulating leukocytes at baseline
prior to mindfulness exposure [48]. Interestingly, perceptions of loneliness, assessed to be a risk
factor for morbidity and mortality in an aged population by the authors and their primary aim of the
study, [48] did improve and were associated with gene expression changes, despite peripheral
markers of inflammatory proteins (CRP, IL-6) showing no change. These complex findings further
support our centralized mechanistic proposal introduced above. Larger sample randomized
controlled trials in healthy populations suffering “high-stress” found no differences in peripheral
markers such as IL-6 and CRP [49, 50], with the contrary in a healthy sample during a brief 3-day
mindfulness retreat (versus vacation control) reporting reduced cytokines IL-6* and IL-8 and
increased anti-inflammatory cytokine IL-10 [51] (*the authors concluded IL-6 as reduced pro-
inflammatory action, although IL-6 can be classified as both pro-and anti-inflammatory cytokine).
These inconsistent patterns in healthy populations may be down to (i) investigation of peripheral
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versus central markers of inflammation, (ii) data collection methods (i.e. salivary versus plasma
assays, schedule and number of biosample collection), (iii) individual differences in mindfulness
application/learning (i.e. duration and dose, scope of mindfulness practice, novice versus
experienced practitioners), (iv) individual differences in stress-levels and coping even if not to
clinical/pathological levels, and/or, (v) levels of the examined markers need to be differentiated at
baseline in order for mindfulness to have any significant observable effects. Targeted applications
of mind-body medicine for otherwise healthy populations might be in the form of whether
‘predisposed’ centralized maladaptation can be determined, elucidated by genes and transcription
factors, and altered/modulated prior to culmination into maladapted/diseased peripheral
endpoints (see more in Section 4.1 below). In sum, peripheral neuroimmune marker findings in
clinically diagnosed populations are more consistent. Yoga interventions also appear to show
neuroplastic modulation, such as replicated neuroprotective effects against whole-brain gray
matter degradation in age-related neurocognitive decline [52], suggesting prolonged neuron
density and health. Moreover, long-term yoga practitioners measure greater gray matter volume,
compared with matched controls, in several brain regions; anterior cingulate cortex, cerebellum,
hippocampus, insula, (inferior and superior) parietal cortices, posterior cingulate cortex, (primary
and secondary) somatosensory cortices [53]. Similar plasticity in gray matter volume regions have
also been reported in meditation studies [54], suggesting wide-spread neurovascular preservation
from mind-body interventions.

To note, the above molecular measures pertain to the investigation of peripheral biomarkers of
inflammation in mind-body interventions, not centralized inflammatory outcomes. Furthermore,
molecular biomarkers of the pro-inflammatory phenotype appear to be modulated with mind-body
interventions. For example, TNF-a is a pro-inflammatory cytokine, and NF-kB induces the expression
of various pro-inflammatory genes such as those that encode pro-inflammatory cytokines and
chemokines [55] (in simple terms since NF-kB transcription signaling associated with inflammation
is quite convoluted). The remaining molecular markers have dual pro- and anti-inflammatory roles,
thus without additional dimensions of data, it is difficult to translate which inflammatory phenotype
is targeted by mind-body interventions. The extant scope of molecular biomarkers to investigate
their mechanistic impact has been very narrow; more data is needed to generate/test hypotheses
and frameworks. Principally, we hypothesize that due to the wide-ranging clinical effects of mind-
body interventions, it is highly probable that mindfulness interventions enact through a centralized
mechanism that then has knock-on modulatory effects on germane peripheral outcomes reported.

4. Mainstream Treatments and the Homeostatic “Status-quo”

As alluded to previously, mind-body interventions involving meditation and/or yoga appear to
have far-reaching clinical potential that has been interpreted by some as a lack of treatment
specificity. While clinical efficacy trials are accruing, less focus has been directed to mechanistic
research. Some debate that solely understanding whether a treatment works is important, opposed
to why it works. However, we reason it is vital to understand the underlying mechanism/s of
effective treatments for various factors; (1) explaining how a treatment works has intrinsic value
and is important in its own right [56], (2) very often mechanistic understanding of a treatment can
add further insights to the disease/condition being treated, (3) not all patients respond the same to
any given treatment. Thus, understanding treatment mechanism is important for developing
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precision medicine models and ensuring patients are referred to the most useful treatment based
on their (very often) complex clinical presentation, (4) the aforementioned point is particularly
germane to mind-body approaches since the field is relatively diverse. For example, the umbrella
term “mindfulness-based interventions”, include an array of diverging approaches emanating from
central concepts and practices of “mindfulness”, i.e. Mindfulness-Based Stress Reduction/MBSR,
Mindfulness-Based Cognitive Therapy/MBCT, Mindfulness-Based Pain Management/MBPM,
Mindfulness-Based Cancer Recovery/MBCR, Cognitively-Based Compassion Training/CBCT, etc.
Most however, are built upon the programmatic structure and practices of Mindfulness-Based
Stress Reduction/MBSR, with alterations around psychoeducation and tailored exercises for specific
clinical conditions, i.e. depressogenic mechanisms, pain processing and physiology, and so on.
Furthermore, such interventions include mindful practise during movement, that have been built
upon the core elements of yoga practices. This can potentially lead to a lack of elucidation in terms
of mechanistic nuances between different mind-body interventions that have been specifically
adapted for certain disorders/symptoms and might have subtle enacting pathways. Presently, the
predominant empirical approach is to assume that all mindfulness and/or yoga-based interventions
enact the same mechanisms to explain clinical efficacy, albeit it may be that this mechanistic
purview is uni-levelled and lacking sophistication. Further research, particularly in the molecular
domains, is warranted to explicitly unpack this.

The core goal of many mainstream pharmacological treatments and psychotherapies is driven by
the concept of homeostasis; the process of maintaining metabolic stability within an organisms’
internal environment, regardless of changes in the external environment. This process is achieved
by anticipatory regulators and sensors located in the brain, spinal cord, carotid bodies, and internal
organs (among others), that monitor various systems and subsystems so to maintain ongoing
physiological stability. Because homeostasis requires that the parameters of the system must
remain within relatively narrow limits for survival and wellbeing (such as body temperature), any
deviation from the homeostatic range is a biological problem that needs to be treated or reset. In
this vein, disorder/disease represents a perturbation within the biological system that causes
physiological parameters to move away from a critical baseline that is needed to maintain the
wellbeing of the organism. Homeostatic regulation responds such to coordinate physiological
subsystems, and/or behaviors, back to this set baseline, i.e. stability through constancy. Translated
within the context of traditional psychological treatments such as Cognitive-Behavioral
Therapy/CBT, talking psychotherapies, progressive relaxation, and so on; it could be reasoned that
such treatments enable patients’ to implement psychological processes (i.e. mind processes,
psychological responses), and/or behavior modification, in order to maintain a psychological
homeostasis within a range where psychological stability does not become ‘maladaptive’ or overly
radical. However, therapeutic models (biological and psychological) operating within homeostatic
frameworks remain bound within conditioned limits of the system and/or multiple sub-systems
such that they are not necessarily adaptive nor physiologically/psychologically transformative.

4.1 Homeostasis to Allostasis: Mechanistic Hypothesis for Mind-body Medicine

Arelated concept is “allostasis”, the process by which physiological (or psychological) equilibrium
is maintained via the adjustment of the system/s’ parameters and set points to meet challenge.
Thus, system stability is redefined through change, opposed to constancy, via imposed demands.
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Afterall, health, wellbeing, and successful aging could be considered as the ability to modulate and
effectively respond to the dynamic challenges of essentially being alive [57]. Allostasis represents a
process in which homeostasis is restored and recalibrated by significant load to the system as a state
of responsiveness and optimized predictive adaptation. It is differentiated from a traditional
concept of homeostasis in that it ensues flexible/dynamic biological set-points, opposed to
fixed/static ones, with emphasis on neural regulatory feedback and health as a whole-body
adaptation to contextual demands [57]. In a biologically based example, this process is regulated by
the immune, endocrine, and autonomic nervous systems, in response to significant stress conditions,
or ‘allostatic load’. These processes in turn have psychological implications, due to the mind-body
connection. For example, within an allostatic load framework, the brain is central to processing
perceived interpreted threat, that in turn activates stress-related physiology, i.e. HPA-axis,
autonomic nervous system, associated neurotransmitters and neurohormones. Reactivity to real-
world threat does have transient advantages for survival, albeit prolonged stress-related physiology,
such as abundant immuno-stress-related neurotransmitter and neurohormone release, can
represent primary mediators that cause dysregulation in brain-body (i.e. central-to-peripheral)
protective mechanisms. Naturally, if biological systems do not adapt and remain overburdened by
allostatic load, then the organism remains in a chronic maladaptive state with risk of suboptimal
response and decline. This prodromal stage gives rise to secondary outcomes affecting metabolic,
immune, and cardiovascular function/levels. If physiological allostatic maladaptation persists,
advanced dysregulation culminates into disordered, diseased, and deceased health endpoints,
considered as tertiary outcomes [57].

Another factor to consider is that chronic hyperactive immunity and associated inflammatory
response consumes vast amounts of energy within a bio-psycho-social system. Energy is a limited
resource for biological systems where storage and consumption are critically regulated by
homeostasis [16]. In most instances high energy consumption must be acute, rather than chronic,
because permanent damage can occur when energy output exceeds energy input. This is akin to a
system shut-down or “survival mode” in an effort to diminish energy consumption and decrease
allostatic load [58], defined as allostatic overload type 1. Parallels can be seen in the
symptomatology associated with systemic inflammatory “sickness behaviors” and/or depressive
disorder. Furthermore, a type 2 allostatic overload pertains to environmental factors within this
stressor-energy demand dynamic. Low socioeconomic status, traumatic life events, social
disadvantage and discrimination, represent psychosocial stressors that lead to inefficient energy
allocation/expenditure and increased burden on the neuroimmune system. In both instances there
is a deficit in the energy supply compared with demand that contributes to system disease trajectory.
Accumulating data suggests that certain mechanisms can be targeted to facilitate individuals to
respond to environmental stressors in an adaptive manner that bypasses the above-mentioned
detrimental effects of disadvantage and adversity [58].

The link between perceived stressors, chronic stress exposure, inflammation, and disease, is
widely supported [59, 60]. We refer to the common mechanism of inflammation as an underlying
component of most disease development/expression, since what critical mass is required for
adaptive to maladaptive transition, or why some individuals develop particular inflammation-
associated disorders remains a complex dynamic interaction between specific genetic,
transcriptional, proteomic, metabolomic, psychosocial, and environmental factors. Disentangling
these dynamics is beyond the scope of this report and remains a richly complex domain of empirical
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inquiry still in development. However, if a process of allostatic adaptation can be facilitated prior to
(i) primary meditators activating secondary outcomes, (ii) secondary outcomes developing into
tertiary ones, or even (iii) reversing the tertiary stage back to an adaptive state, this would
potentially present an optimal and transformative treatment that could ultimately be achieved by
transmuting homeostatic set-points more in accord with contextual demands/challenges. It may be
that mind-body interventions built upon meditation and/or yoga, represent such capacity, providing
explanatory value to their systemic influences upon multiple biologic, psychological, and social
endpoints (see Figure 2). Rather than lacking specifity, meditation and/or yoga-associated mind-
body interventions do not target the specific endpoint markers (outlined above and in more depth
here [61]) per se, but may target the central mechanisms and/or intriniscally connective ones critical
to allostatic adaptation. Such adaptive networks could involve germane pathways of peripheral-to-
central inflammatory signalling, hypothalamic-pituitary-adrenal axis and neuroendocrine system,
and/or brain-gut-microbiome axis and vagus nerve, in correspondence to specific epigenetic and
psychosocial outcomes.

Allostatic load capacity /\

~ - - - Allostatic/adaptive set point

= = = = Homeostatic set point

Figure 2 Potential allostatic mechanism of mind-body interventions. Based on a chronic
stress allostatic biological systems framework [57, 62]: X-axis represents exposure
across time; red line = exposure to stressors, blue line = exposure to stressors + mind-
body intervention practice/s. Y-axis represents adjustment in 1°, 2°, 3°

mediators/outcomes (see below); blue continuum = adaptive, red continuum =
maladaptive. In sum, the potential multi-dimensional therapeutic action of mind-body
interventions across primary mediators (stress-related physiology, such as immune-

stress-related neurotransmission/neurohormone release), secondary outcomes
(metabolic, immune, cardiovascular function/levels), and tertiary outcomes (disordered,
diseased, deceased health endpoints). Moreover, increased allostatic load capacity
would be efficient for both type 1 and 2 allostatic overload disease trajectories.

Clinically based data examining mind-body interventions yields promising modulation across the
many related markers/endpoints that are connected to these central/connective molecular
pathways, albeit largely peripheral outcomes have been measured. Moreover, such a framework
emphasizes the role of the brain and central nervous system in allostatic adaptation, that may
account for the accruing modulation of neurophysiological, neurochemical, and neurohormonal
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markers associated with such treatments. It would also suggest that mind-body interventions, based
in meditation and/or yoga, are not primarily ‘relaxation’ techniques, i.e. moving stress physiology
back to a static set point by down-regulating the system. Relaxation may be a by-product outcome,
although the therapeutic action mechanism/s is reasonably an allostatic one, that is recalibrating
and adapting the entire physiological-psychological (body-mind) system for extended (and
potentially new) contextual challenge/s.

5. Synthesis

We introduce the proposal that the therapeutic pathways of mind-body interventions may enact
via an allostatic mechanism upon centralized and connective systems. This is where genomic,
transcriptomic, proteomic, and metabolomic “set-points” fundamentally adaptively modify and
may also be accompanied by an increase in the capacity of “allostatic load”. Modification in
allostatic load capacity would facilitate respective systems to adapt to greater stress and efficient
energy allocation/dispersion, opposed to overburden, energy depletion, and decline. Homeostatic
recovery may enact more rapidly for some parameters, although the potential allostatic mechanism
of mind-body interventions essentially serves to change/modify adaptive range of stress-related
physiology, such as immune-stress-related neurotransmission/neurohormone release (primary
mediators), and/or metabolic, immune, cardiovascular function/levels (secondary outcomes). In
turn, entailing beneficial effect upon tertiary outcomes, i.e. disordered, diseased, deceased health
endpoints. We suggest that mind-body interventions, based in yoga and meditation, may not
necessarily specifically target inflammatory biomarkers, rather modulate the centralized and
connective pathways associated with chronic systemic inflammation.
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