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Abstract 

The NeuroLongev study evaluated the effectiveness of a preventive multimodal neurotechnological 

intervention on anticipatory neurophysiological, autonomic and emotional parameters relevant for healthy 

longevity in a young (30–40 years), active and clinically healthy adult population. In this randomized, controlled, 

longitudinal and multicenter clinical trial (N=400; 200 experimental, 200 control), the preventive NeuroLongev 

intervention included personalized EEG neurofeedback, cerebral photobiomodulation, heart–brain biofeedback 

and non-invasive vagal stimulation, over a 24-month period. The results demonstrated significant and sustained 

improvement in neural activity and connectivity (qEEG), autonomic balance (HRV: RMSSD, LF/HF, SDNN), 

reduction of physiological stress and optimization of cardiac coherence (GP8), with robust and cumulative effects 

(Cohen's d>0.80). The study firmly validates the effectiveness of multimodal preventive intervention and its 

relevance for current clinical and preventive practice, significantly contributing to the scientific foundation and 

practical application of modern preventive and predictive medicine. 

 

 

1. Introduction 

1.1 General context of longevity and healthy aging 

The aging process is an inevitable and complex biological and neurophysiological reality, involving 

continuous and multidimensional transformations at the cellular, tissue and systemic levels. From a biological 

point of view, aging is characterized by the gradual deterioration of the body's homeostasis, the accumulation of 

structural and functional changes in cells and tissues, as well as a general decrease in the ability to adapt to external 

or internal stress and stimuli. Among the fundamental mechanisms involved in biological aging are the 

accumulation of oxidative damage, telomere shortening, the accumulation of genetic mutations, the gradual loss 

of metabolic plasticity and the progressive decline of immune and endocrine functions. 

From a neurophysiological perspective, aging involves complex changes in the brain and nervous system. 

These changes include reduction in brain volume, especially at the cortical and subcortical levels, loss of synaptic 

density, changes in cerebral blood flow, neurotransmitter dysfunction, and a gradual decline in neuronal plasticity. 
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Thus, even in the absence of obvious pathologies, a subtle but steady decline is observed in cognitive and 

emotional functions, such as working memory, executive attention, information processing speed, cognitive 

flexibility, and effective emotional regulation. 

The concept of "healthy aging" or "healthy longevity" refers not only to extending life span, but especially 

to optimizing its quality by maintaining a high level of functional and cognitive autonomy into old age. Healthy 

aging thus involves preventing or slowing down biological and neurophysiological decline through proactive and 

anticipated interventions, aimed at supporting the body's natural cognitive and physiological reserves. 

In recent decades, the medical paradigm has evolved significantly: it has gradually moved from a 

traditional curative approach, focused on treating already established conditions, to a preventive and predictive 

approach, known as P4 Medicine (Predictive, Preventive, Personalized and Participatory). P4 Medicine promotes 

a deep understanding of the fundamental biological and neurophysiological mechanisms of aging and supports 

the implementation of early, personalized and evidence-based interventions, with the explicit aim of maintaining 

optimal health for as long as possible. 

This preventive model is based on the principle of early anticipation and identification of risk factors and 

subtle, preclinical signs of biological and neurocognitive decline. Through early intervention, before the clinical 

manifestation of obvious cognitive and physiological deterioration, it is possible to stimulate natural cellular 

regeneration mechanisms, improve neuronal plasticity, optimize autonomic and emotional balance, and implicitly 

prolong life in a state of optimal health and performance. 

Therefore, the current general context of healthy aging and cognitive longevity promotes a rigorous 

preventive approach, based on the latest discoveries in neuroscience and biology, with the central objective of not 

only prolonging life, but also improving its quality, maintaining optimal adaptive capacity, cognitive performance 

and biological resilience until very old ages. 

 

1.2 Significance of preventive interventions in the anticipatory phase 

Preventive interventions carried out in the anticipatory phase, before any obvious clinical sign of 

biological or neurocognitive decline sets in, represent an essential component in achieving the major goal of 

maintaining and extending healthy longevity. These early preventive interventions offer a major advantage, as 

they allow for the proactive identification and correction of subtle, yet reversible changes that significantly 

precede the onset of overt cognitive and physiological decline. 

The anticipatory phase is characterized by minor but quantifiable physiological and neurocognitive 

changes that occur well before clear clinical manifestations, such as memory impairment, decreased 

concentration, difficulties in stress management, or visible cardiovascular and metabolic problems. Recent studies 

suggest that these subtle changes can be detected and monitored with advanced neurophysiological tools, such as 

quantitative electroencephalography (qEEG), heart rate variability (HRV), and psychophysiological stress 

assessments. 

Early identification of these anticipatory changes provides a valuable opportunity for intervention. At this 

stage, the biological and neurophysiological mechanisms of the body and brain are still flexible and receptive to 

stimulation and optimization. Early preventive interventions, personalized to each individual's profile, have the 

ability to stimulate neuronal plasticity, improve the connectivity and functional coherence of neural networks 

essential for maintaining cognitive health, and optimize the balance of the autonomic nervous system to prevent 

chronic stress and premature deterioration. 

Moreover, preventive intervention in the anticipatory phase is significantly more effective and sustainable 

compared to interventions performed after the decline has already set in. Studies in the field of preventive 

medicine indicate that interventions performed in the very early stages have much stronger cumulative effects, 

produce more profound and lasting changes, and can even significantly reverse or delay the natural process of 

neurocognitive and biological aging. 

Thus, early preventive interventions in the anticipatory phase directly and consistently contribute to the 

extension of healthy longevity, resulting in not only a longer life, but also a life characterized by higher quality, 

high autonomy and excellent cognitive and physiological adaptation to the challenges of aging. This approach 

represents a fundamental paradigm in modern preventive medicine, offering clear opportunities for optimizing 

life, before health problems become evident, and strengthening the concept of healthy aging and proactive 

cognitive longevity. 
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1.3 Neurotechnology and the emergence of a new preventive approach 

In the context of rapid advancement of neuroscience and related technologies, neurotechnology stands out 

as a revolutionary approach in preventive medicine, capable of proactively intervening on the fundamental 

biological and neurophysiological mechanisms of healthy aging. Neurotechnology uses advanced, non-invasive 

and scientifically validated tools and methods to monitor, optimize and enhance cognitive, emotional and 

autonomic functions, before clear signs of deterioration become evident. 

The neurotechnological methods integrated in this study include: 

1. EEG neurofeedback (quantitative and qualitative electroencephalogram) is an advanced brain 

biofeedback method in which the electrical activity of the brain is monitored in real time and presented as 

visual and auditory feedback. This technique allows the individual to voluntarily and anticipatoryly 

modulate their neural patterns, improving neuroplasticity, brain coherence, cognitive flexibility and stress 

control. The scientific basis of neurofeedback is the stimulation of experience-dependent neuroplasticity, 

a fundamental property of the human nervous system that allows for the optimization of the functional 

and structural connectivity of neural networks essential for cognitive longevity. 

2. Cerebral photobiomodulation (Gamma and Alpha) is an innovative technology that uses pulsed light 

(specifically at Gamma 40 Hz and Alpha 10 Hz frequencies) to stimulate neuronal metabolism and 

cerebral blood flow, reducing neuronal inflammation and promoting neuroprotection. Gamma pulsed light 

stimulates neuronal synchronization, having a proven positive effect on improving cognitive functions, 

while Alpha pulsed light is used to optimize the state of cortical relaxation, improve mental clarity and 

reduce anticipatory stress. Recent studies indicate clear effects of photobiomodulation on cognitive health 

and the prevention of premature neuronal degeneration. 

3. Heart-brain biofeedback (cardiac coherence) is an  advanced psychophysiological method which uses 

real-time heart rate variability (HRV) monitoring to train participants to achieve an optimal state of cardiac 

coherence. Cardiac coherence reflects the harmonious balance of the autonomic nervous system and the 

efficient interaction between the heart and the brain. The scientific basis for this method is that the state 

of cardiac coherence improves emotional and physiological resilience, optimizes chronic stress regulation, 

and is closely correlated with cognitive functions such as sustained attention and decision-making clarity, 

essential elements for maintaining healthy longevity. 

4. Noninvasive vagal stimulation (nVNS) is a technology that non-invasively and safely electrically 

stimulates the vagus nerve, the main component of the parasympathetic system and a key element of the 

autonomic nervous system. The scientific basis of vagal stimulation lies in its ability to reduce systemic 

inflammation, optimize autonomic balance (through parasympathetic activation), improve heart rate 

variability, and reduce overall physiological stress. Vagus nerve stimulation has clearly demonstrated 

positive effects on emotional regulation, cognitive resilience, and overall health, directly and consistently 

contributing to the anticipatory prevention of premature neurophysiological and biological aging. 

The synergistic combination of these technologies is based on the principle of holistic and 

multidimensional intervention. In isolation, each method has the ability to produce significant benefits, but 

combined in an integrated protocol, these technologies become exponentially more effective and act 

synergistically on complementary fundamental mechanisms: EEG neurofeedback optimizes cortical activity and 

anticipatory neuroplasticity, cerebral photobiomodulation improves neuronal metabolism and coherence of 

neuronal synchronization, heart-brain biofeedback supports emotional and autonomic resilience, and non-

invasive vagal stimulation reduces chronic physiological stress and neuronal inflammation. 

Through this synergistic and preventive approach, neurotechnology represents a significant opportunity 

to actively and anticipatoryly intervene in maintaining a healthy and proactive longevity, based on clear scientific 

evidence and advanced and clinically validated technological methods. This preventive neurotechnological 

paradigm thus constitutes a major and innovative contribution to modern medicine of cognitive and biological 

longevity. 
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1.4 Justification of the current study 

Although the international scientific literature extensively addresses the processes and interventions 

associated with aging, most existing research focuses predominantly on middle-aged (50–60 years) or older (over 

65 years) adult populations, once obvious signs of cognitive and physiological decline become apparent. Thus, 

there is a significant gap in studies investigating the effectiveness of integrated preventive interventions applied 

anticipatorily in young adults (30–40 years), who are in the prime of their cognitive and physiological faculties. 

Paradoxically, this age group is highly relevant for preventive medicine, as early interventions, before the 

appearance of any clinical signs of decline, have the greatest potential to impact on healthy longevity. 

A key aspect of this gap is that young adults represent a population with distinct stress profiles and 

increased cognitive and emotional responsibilities, often at key moments in their careers and personal lives. 

However, the current literature does not provide sufficient valid and robust information on neurotechnological 

preventive interventions specifically tailored to this population that optimize cognitive, emotional, and autonomic 

functions before subtle impairments become irreversible or clinically evident. 

Also, in existing research, neurotechnological interventions are usually applied separately, rarely being 

synergistically integrated into a single, multidimensional protocol. This lack of holistic and integrated approaches 

significantly reduces the understanding of the cumulative and complementary effects of preventive 

neurotechnologies, and implicitly limits their practical applicability in clinical or community contexts. 

In this context, the current NeuroLongev study is particularly relevant, being strategically designed to fill 

these critical gaps in the international literature and to propose a completely new, innovative and anticipatory 

preventive approach. By using a multimodal, integrated and synergistic intervention combining EEG 

Neurofeedback, Gamma and Alpha Brain Photobiomodulation, Heart-Brain Biofeedback and Non-invasive Vagal 

Stimulation, this study offers the unique opportunity to evaluate the real and measurable effectiveness of these 

technologies in maintaining and optimizing cognitive and physiological functions anticipatory, before subtle signs 

of decline appear. 

The strategic positioning of the study is further strengthened by the fact that it is the first of its kind 

conducted in Romania and one of the few existing globally. This particularity confers a special relevance, both 

nationally and internationally, with the potential to directly influence preventive paradigms in modern medicine, 

by offering a clear, rigorously tested and reproducible protocol. By clarifying these gaps and providing 

measurable and valid results, the current study directly contributes to the development and strengthening of 

preventive neuroscience and longevity medicine, thus setting new standards for early and anticipatory 

interventions among young adults actively interested in maintaining long-term cognitive health and performance. 

 

 

2. Study objectives 

2.1 General objective 

The overall objective of the NeuroLongev study is to rigorously and systematically evaluate the 

effectiveness of a multimodal, integrated and preventive neurotechnological intervention on neurophysiological 

and cognitive markers relevant for maintaining and optimizing healthy longevity in a clinically healthy 

population, aged between 30 and 40 years. 

The study specifically aims to investigate whether anticipatory intervention, implemented before the 

appearance of any obvious clinical sign of decline, can significantly optimize objective parameters of cognitive 

and emotional functioning, as well as physiological indicators of autonomic and neural health, thus directly 

contributing to extending the duration of healthy life and increasing its quality in the long term. 

Through objective, quantitative and scientifically validated measurements, the overall objective of the 

study aims to demonstrate the clear effects of this preventive intervention in optimizing the cognitive, emotional 

and physiological performances of young adults, thus providing robust evidence for the integration of the 

multimodal neurotechnological protocol into modern preventive and anticipatory medicine. 
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2.2 Specific objectives 

The overall objective of the study is detailed through a series of specific, clear and measurable objectives 

designed to precisely highlight how the anticipatory multimodal neurotechnological intervention can influence 

and optimize neurophysiological, cognitive and autonomic indicators relevant for healthy longevity. Each specific 

objective contributes to a complete and rigorous understanding of the mechanisms by which this integrative 

approach can prevent or delay cognitive and physiological decline in the young adult population (30–40 years). 

These objectives aim at both concrete structural and functional changes at the brain level and at optimizing 

the autonomic and emotional physiological balance, while establishing a rigorous comparative basis between the 

experimental and control groups. Thus, each objective is essential to validate the effectiveness and clinical 

applicability of this preventive and anticipatory intervention. Below, we will detail each specific objective 

individually for maximum clarity. 

 
Evaluation of functional and structural changes in the brain through qEEG brain mapping, focusing on 

the anticipated Brodmann areas: BA6, BA11, BA22, BA31, BA39 
This specific objective aims to rigorously and in detail analyze the impact of multimodal 

neurotechnological intervention on functional and structural changes in pre-selected cortical areas, using the 

advanced and validated method of brain mapping through quantitative and qualitative electroencephalogram 

(qEEG). 

qEEG assessments will allow for the precise measurement and monitoring of fundamental 

neurophysiological parameters, such as brainwave spectral power (Delta, Theta, Alpha, SMR, Beta, and Gamma), 

neuronal coherence, cortical asymmetry, and changes in functional connectivity between targeted brain areas. 

The cortical areas strategically selected for this study reflect an anticipatory profile optimized for cognitive 

and autonomic longevity and include: 

 BA6 (Premotor and Supplementary Motor Cortex) 
Located in the frontal lobe, Brodmann area 6 plays a key role in planning and organizing complex 

sequences of movement and anticipatory action. It is directly involved in cognitive-motor integration, the ability 

to foresee the consequences of movements and decisions, and general mental agility. Optimizing the activity of 

this area contributes to better motor and cognitive performance, thus maintaining the integrity of anticipatory and 

behavioral control functions in young adults, being critical in preventing early decline. 

 BA11 (Orbitofrontal Cortex) 
Located anteriorly in the frontal lobe, Brodmann area 11 is central to sophisticated emotional and decision-

making functions, such as emotion regulation, impulse inhibition, and behavioral flexibility in the face of change 

and daily stress. This area is involved in anticipatory adaptive capacity, risk-reward assessment, and the 

maintenance of emotional balance. Maintaining and optimizing the functionality of this area is crucial for 

preventing early cognitive and emotional deterioration, often associated with chronic stress and overwork. 

 BA22 (Superior Temporal Gyrus) 
Located in the temporal lobe, Brodmann area 22 plays a major role in advanced auditory processing, 

language comprehension, semantic interpretation, and anticipatory verbal memory. Optimal neural activity in this 

area supports effective communication and social integration skills, which are fundamental skills for maintaining 

an active, healthy, and long life. Preventive intervention in this area can prevent the early decline in auditory 

processing and verbal memory, which are frequently observed in the early stages of subtle aging. 

 BA31 (Posterior Cingular Cortex) 
As an essential component of the Default Mode Network (DMN), Brodmann area 31 is of major 

importance in introspective processes, autobiographical memory, self-reflection and anticipatory emotional 

balance. Subtle early dysfunctions of this area are often associated with problems in emotional regulation, gradual 

loss of emotional stability and difficulties in managing everyday stress. Optimizing this area through preventive 

interventions directly contributes to maintaining balanced and robust emotional health, fundamental for cognitive 

and physiological longevity. 

 BA39 (angular gyrus) 
This area, located in the inferior parietal lobe, plays a key role in complex multisensory integration, spatial 

orientation, mathematical skills, abstract and anticipatory thinking, and general semantic processing capacity. 

Subtle anticipatory dysfunctions in this area are linked to a gradual decline in complex cognitive skills, problems 

with multitasking, and difficulties with anticipatory adaptation in tasks that require the rapid integration of 
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multiple types of sensory and conceptual information. Optimizing neural activity in area 39 directly contributes 

to the maintenance and development of cognitive resilience and anticipatory adaptability. 

Periodic assessment (baseline, intermediate and final) with qEEG brain mapping will allow for the 

identification and precise quantification of the effects of the intervention on these specific areas, providing clear 

evidence of the potential of the neurotechnological protocol to produce significant beneficial changes on 

anticipatory cortical functioning, directly contributing to cognitive longevity and long-term brain health. 

 
Assessment of heart rate variability (HRV) as a marker of autonomic balance 

Heart rate variability (HRV) is one of the most relevant and sensitive physiological markers for assessing 

autonomic balance, accurately reflecting the body's ability to effectively adapt to internal and external 

environmental demands. HRV refers to the natural fluctuations in the interval between heartbeats and is directly 

influenced by the complex interaction between the sympathetic and parasympathetic nervous systems, the two 

fundamental branches of the autonomic nervous system. 

A high level of HRV is directly associated with good autonomic self-regulation capacity, increased 

physiological resilience, optimal emotional adaptability, and improved overall health. In contrast, a reduced heart 

rate variability is a significant predictive indicator of chronic stress, autonomic imbalance, and is often associated 

with early deterioration of cognitive, emotional, and cardiovascular functions, even before clear symptoms 

become clinically evident. 

Within the NeuroLongev study, rigorous and periodic assessment of HRV will be performed using 

scientifically validated methods and tools to monitor the following main parameters: 

 RMSSD (Root Mean Square of Successive Differences): reflects predominant parasympathetic activity 

and provides a direct assessment of the body's capacity for autonomous, anticipatory recovery and 

regeneration in response to stress. 

 LF/HF (Low Frequency/High Frequency ratio): represents a balanced indicator of sympathetic-

parasympathetic balance. An anticipatory reduction in this ratio indicates optimized autonomic control 

and better physiological resilience. 

 SDNN (Standard Deviation of Normal-to-Normal intervals): provides a general picture of the global 

variability of heart rate and reflects the general ability of the cardiovascular system to respond effectively 

to adaptive demands, anticipatory. 

By monitoring HRV, the study aims to clearly determine whether anticipatory multimodal 

neurotechnological intervention can significantly optimize autonomic balance, thereby increasing the body's 

resilience to daily stress and preventing the early onset of physiological imbalances associated with the 

anticipatory decline in healthy longevity. This HRV assessment directly and consistently contributes to the 

scientific validation of the NeuroLongev preventive protocol as an effective and applicable tool for optimizing 

cognitive and physiological longevity in the young adult population. 

 
Anticipatory reduction of physiological stress and optimization of emotional self-regulation capacity 

Chronic physiological stress is one of the essential factors contributing to accelerated aging and the 

anticipated deterioration of cognitive and emotional health. Scientific studies in neuroscience and 

psychophysiology have demonstrated that prolonged and uncontrolled exposure to stress can profoundly affect 

the body's ability to adapt, causing autonomic dysfunction, systemic inflammation, and a progressive decline in 

neurocognitive resilience. 

In this context, the capacity for emotional self-regulation and effective stress management becomes a 

crucial anticipatory skill for maintaining a healthy life and for cognitive and physiological longevity. Emotional 

self-regulation reflects an individual's ability to proactively and effectively monitor, control, and adapt their 

emotional responses, so that physiological reactions to stressors are limited and optimally adapted. 

In the NeuroLongev study, the assessment and anticipatory reduction of physiological stress will be 

performed using advanced and clinically validated tools, including heart-brain biofeedback (cardiac coherence) 

as well as non-invasive vagal stimulation (nVNS), both of which have clear evidence in the scientific literature 

regarding their ability to significantly reduce the chronic physiological response to stress. 

Heart-brain biofeedback allows participants to learn to voluntarily modulate their autonomic response 

through breathing and emotional self-regulation techniques, leading to a measurable and stable reduction in 

anticipatory physiological stress. Noninvasive vagal stimulation also optimizes parasympathetic tone, improves 
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heart rate variability, and significantly decreases physiological reactivity to stress, contributing to an overall 

improved capacity for anticipatory emotional adaptation and recovery. 

Through these combined techniques, the study's goal is to demonstrate a significant and sustainable 

reduction in objective markers of physiological stress, as well as optimization of the anticipatory capacity for 

emotional self-regulation. This proactive and anticipatory optimization directly contributes to preventing the 

subtle onset of physiological and cognitive imbalances, thus allowing participants to maintain a state of optimal 

emotional balance, essential for healthy and sustainable longevity in the face of the challenges of modern life. 

 
Rigorous comparative analysis between the experimental group and the control group 

To validate with clarity and scientific rigor the effectiveness of the anticipatory multimodal 

neurotechnological intervention proposed in the NeuroLongev study, a rigorous comparative analysis between 

the experimental group and the control group is essential. This comparison allows an objective and precise 

assessment of the differences generated exclusively by the integrative neurotechnological intervention, 

eliminating the influences of external variables or placebo effects. 

In this context, participants will be randomly assigned to two distinct groups, numerically equal and 

balanced from a socio-demographic and clinical point of view: 

 Experimental group(n=200) will benefit from the preventive multimodal neurotechnological 

intervention, with the previously detailed protocol (EEG neurofeedback, cerebral photobiomodulation, 

heart-brain biofeedback and non-invasive vagal stimulation). 

 Control group(n=200) will not receive this active intervention, only following identical monitoring 

assessments. 

Rigorous comparative analysis will involve repeated assessments at key points in the study (baseline, 

interim assessments and final assessment after 24 months), using clear objective, quantitative and qualitative 

measurements: 

 Brain mapping qEEG for the evaluation of selected cortical areas (BA6, BA11, BA22, BA31, BA39). 

 HRV parameters (RMSSD, LF/HF, SDNN) as indicators of anticipatory autonomic balance. 

 Physiological stress measurements (heart–brain biofeedback and GP8 scores). 

Differences between groups will be analyzed using robust and relevant statistical methods: independent 

samples t-tests, repeated measures analysis of variance (ANOVA), analysis of group and time effect, and 

measurement of the magnitude of the intervention effect (Cohen's d). These analyses will allow for clear and 

rigorous identification of specific, direct, and significant benefits of the preventive multimodal neurotechnology 

intervention compared to the control group. 

This rigorous and standardized comparative approach is fundamental for validating the NeuroLongev 

protocol as an effective, reproducible and clinically applicable intervention for the anticipatory prevention of 

cognitive and physiological aging, providing clear scientific evidence for its integration into modern strategies to 

promote healthy longevity. 

3. Methodology and study design 

3.1 Overall design 

The NeuroLongev study is designed as a randomized, controlled, longitudinal, multicenter clinical trial, 

rigorously constructed according to current international standards in clinical and neuroscientific research. This 

type of design ensures superior methodological quality and allows for an objective and precise assessment of the 

effectiveness of the integrated neurotechnological intervention. 

Randomization of participants into groups ensures the elimination of selection errors and rigorous control 

of external factors that could influence the results, thus offering the best possibility of attributing the observed 

effects strictly to the intervention applied. The controlled and comparative nature allows for a clear assessment 

of the differences between the experimental and control groups, for an objective and unambiguous interpretation 

of the results. 

The fact that the study is longitudinal implies repeated measurements on the same participants over an 

extended period, allowing the analysis of the evolution and sustainability of the effects of the intervention over 

time. The longitudinal design offers the advantage of detecting subtle and cumulative changes in 

neurophysiological, cognitive and autonomic markers, generating valuable information on the long-term 
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preventive effectiveness of the applied protocol. 

The multicenter nature of the study means that the intervention and assessments will be conducted 

simultaneously in multiple clinical centers (all centers in the BrainMap Neuroscience network), thus ensuring the 

demographic, geographic and cultural diversity of the sample and allowing the generalization of the results at 

national and international levels. 

The total mandatory intervention duration is 24 months (2 years), which is considered optimal for 

observing significant, measurable, and stable changes in neurophysiological and cognitive markers relevant to 

healthy longevity. An extended two-year intervention allows for a clear assessment of the cumulative and long-

term effects of the anticipatory neurotechnological protocol, thus providing a solid basis for long-term clinical 

and preventive recommendations. The two-year duration is strategically chosen and based on data from the 

scientific literature, which shows that anticipatory preventive optimization of the autonomic and cognitive 

nervous system requires an extended interval to produce stable and long-lasting neuroplastic and autonomic 

changes, especially in a healthy population without obvious clinical signs of decline. 

The intervention is clearly structured into 4 distinct therapeutic cycles, each lasting 10 weeks. This cyclical 

structure ensures an optimal balance between intense stimulation and the periods necessary for the integration 

and consolidation of the anticipated therapeutic effects. Each therapeutic cycle will be followed by a clear 4-week 

break period. The breaks between cycles are essential and carefully planned, as they allow for optimal neuroplastic 

integration of the applied stimulations, autonomic consolidation of the effects obtained and avoidance of overload 

or habituation phenomena. This cyclical model ensures progressive physiological and cognitive adaptation, 

maximizing the benefits of the long-term preventive intervention. 

To ensure the scientific validity of the results, the study will include a large number of participants, namely 

400 people, divided equally and balanced into two distinct groups: 

 Experimental Group (n=200 participants): They will fully benefit from the anticipatory multimodal 

neurotechnological intervention (personalized EEG neurofeedback, Gamma and Alpha cerebral 

photobiomodulation, heart-brain biofeedback and non-invasive vagal stimulation). The experimental 

group will be rigorously monitored, and the participants will follow the standardized and scientifically 

validated therapeutic protocol. 

 Control Group (n=200 participants): This group will not benefit from the active neurotechnological 
intervention, but will participate in identical assessments at the same measurement points. The role of 

the control group is to ensure a clear, objective and rigorous comparison term, allowing the exclusive 

attribution of the observed changes to the preventive intervention applied in the experimental group. 

The distribution of participants will be achieved through a rigorous and standardized randomization 

process, to ensure perfect balance between groups in terms of socio-demographic characteristics (age, gender, 

educational level, socio-economic status) and relevant clinical factors, thus eliminating possible biases and 

guaranteeing a valid and rigorous interpretation of the study results. 

This detailed and rigorously structured methodology ensures a clear, valid and clinically applicable 

evaluation of the NeuroLongev protocol, generating solid scientific evidence for the integration of this preventive 

intervention into modern, anticipatory medical practice oriented towards maintaining and optimizing healthy 

longevity. 

 

3.2 Sample characteristics 

Appropriate selection of participants is a fundamental aspect in the conduct of any clinical trial, and in the 

context of preventive research, such as NeuroLongev, the importance of a clear, rigorous and well-argued 

definition of the subjects' profile is essential for the validity and applicability of the results. In this sense, the target 

population chosen for this study is represented by young, clinically healthy adults, aged between 30 and 40 years, 

who are professionally and socially active, have a balanced lifestyle and are consciously oriented towards 

maintaining long-term health and cognitive performance. 

The choice of this age group is not accidental. The age range of 30–40 years is considered critical and 

strategic from the perspective of anticipatory preventive medicine. At this age, most adults do not yet show 

obvious symptoms of cognitive disorders or chronic physiological conditions. Typically, people in this age 

segment are considered to be at the full potential of their physical, cognitive and emotional capacities, but they 

are also faced with significant daily demands – career, family, social and economic responsibilities – that can 
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generate, over time, subtle accumulations of physiological and emotional stress. It is precisely these multiple and 

constant demands that create the perfect conditions for early preventive interventions, because biological and 

neural mechanisms are still fully functional and receptive to optimization, and subtle changes that foreshadow 

future decline can be detected early and corrected anticipatory, before they become clinically evident. 

From a socio-demographic point of view, the sample will be balanced and representative, specifically 

aiming for an equitable distribution between men and women, to allow for the analysis of gender differences in 

the response to the intervention. Participants will also come predominantly from urban areas, thus reflecting the 

specificity of a modern, active lifestyle, and will have secondary and higher education, which facilitates the 

understanding and conscious application of the therapeutic indications and the intervention protocol. 

Particular attention will be paid to demographic balance to reduce the influence of socio-economic factors 

on the results. Thus, participants will be carefully selected to include people who, despite facing significant 

demands in their daily lives, nevertheless demonstrate an active and balanced lifestyle, without harmful excesses, 

such as excessive consumption of alcohol, tobacco, stimulants or extreme sedentary lifestyle. 

To ensure clinical homogeneity and clear interpretation of results, the study will implement a series of 

rigorous and detailed inclusion and exclusion criteria. The inclusion criteria will be the following: 

 Age between 30 and 40 years at the time of study initiation. 

 Good general clinical condition, without diagnosed chronic pathologies or obvious symptoms of 
chronic diseases (cardiovascular, neurological, psychiatric or metabolic). 

 Clinically healthy individuals, validated through medical examinations and specific screening 
investigations upon entry into the study (standard analyses, cardiovascular assessment, basic 

neurological assessment). 

 Active and balanced lifestyle, defined by regular moderate physical activity, balanced diet and active 

and effective management of daily stress. 

 Normal cognitive and emotional level validated by initial standardized neuropsychological and 
emotional assessment (anxiety and depression scales, general cognitive scales). 

 Explicit and clear agreement expressed through informed consent regarding active participation in all 
stages of the study, including repeated assessments and compliance with the therapeutic protocol for 

24 months. 

These criteria ensure that the included participants have the ideal profile to maximize the beneficial 

potential of the preventive intervention, thus providing clear, valid and generalizable results. 

Clear and strict exclusion criteria are essential to avoid the negative influences of confounding clinical 

variables on the study results. These criteria include: 

 Confirmed diagnosis of major chronic diseases or systemic conditions with the potential to influence 
the neurophysiological and cognitive outcomes of the intervention (uncontrolled type 1 or 2 diabetes 

mellitus, severe hypertension, chronic heart disease, degenerative neurological conditions or 

diagnosed major psychiatric disorders). 

 Recent history (within the last two years) of similar neurotechnological interventions (neurofeedback, 

non-invasive brain stimulation, brain photobiomodulation, or vagal stimulation). 

 Recent history (within the last 12 months) of chronic and excessive consumption of alcohol, drugs or 
psychoactive substances, which could directly or indirectly influence cognitive and physiological 

functions. 

 Concurrent participation in other clinical trials or complex therapeutic interventions, which could 
affect the integrity of the results of this study. 

 Pregnancy or explicitly declared intention to become pregnant during the study for female participants, 

as specific hormonal changes may significantly influence the measured physiological parameters. 

These rigorous criteria guarantee that participants in the selected sample are clinically and cognitively 

homogeneous, facilitating correct and unambiguous interpretation of the intervention results. 

The actual participant selection process will involve an initial detailed screening phase, including clinical 

and psychological interviews, standard medical tests, preliminary neurophysiological assessments and basic 

cognitive tests, all performed by qualified and specially trained personnel for this study. Participants who pass 

this initial phase will then be randomly assigned in a controlled and transparent manner to the two groups 

(experimental and control), maintaining the aforementioned socio-demographic and clinical balance. 

In conclusion, the rigorous and detailed characteristics of the sample, together with the methodological 
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clarity regarding the inclusion and exclusion of participants, contribute decisively to the scientific validity and 

applicability of the results of the NeuroLongev study. This approach ensures a precise and robust interpretation 

of the effects of the anticipatory preventive intervention on cognitive and physiological longevity, providing clear 

scientific evidence for the further integration of this innovative protocol into modern strategies for maintaining 

and optimizing long-term health and quality of life. 

 

3.3 Structure of multimodal neurotechnological intervention 

The structure of the preventive intervention applied in the NeuroLongev study is built with methodological 

rigor, based on clear principles of modern neuroscience and anticipatory preventive medicine. The therapeutic 

protocol is designed to actively and synergistically intervene on the multiple neurophysiological mechanisms 

involved in maintaining cognitive health and autonomic balance, subtly anticipating and preventing any potential 

decline that could occur with aging. 

The intervention is carried out over a mandatory period of two years (24 months), structured into four 

distinct therapeutic cycles, each with a clearly defined duration of 10 weeks. In each therapeutic cycle, participants 

will perform two weekly intervention sessions, each therapeutic session having a fixed duration of 60 minutes. 

The cyclical structure allows for the implementation of intense and regular therapy, but also deliberate breaks 

between cycles, necessary for the neuroplastic integration of the therapeutic effects, the avoidance of 

physiological overload and the sustainable consolidation of the benefits obtained. 

Each therapeutic session is made up of four distinct, complementary and clearly defined 

neurotechnological components, implemented in an optimal sequence, designed to maximize preventive and 

anticipatory effects on neurophysiological and cognitive markers relevant to healthy longevity. 

I. Personalized EEG Neurofeedback (20 minutes) 

The first component, EEG neurofeedback, is an advanced neurotechnological intervention that involves 

real-time monitoring and training of specific neural activity, using visual and auditory feedback. This method 

allows participants to consciously and voluntarily influence their neural patterns, contributing to the optimization 

of brain activity and connectivity specific to Brodmann areas selected in advance for the longevity study: 

 BA6 (Premotor and supplementary motor cortex): Optimizing the activity of this area stimulates 

anticipatory agility and executive-motor control, contributing to maintaining motor and cognitive 

planning capacity. 

 BA11 (Orbitofrontal cortex): Through neurofeedback, the activity of this area will be balanced and 
improved to support fine emotional regulation and the ability to make anticipatory and flexible 

decisions. 

 BA22 (Superior temporal gyrus): Through this component, participants will optimize auditory and 
anticipatory verbal memory functions, essential for maintaining cognitive and communicative skills. 

 BA31 (Posterior cingulate cortex): Neurofeedback stimulation of this area optimizes emotional 

balance and anticipatory awareness, supporting stable emotional health and robust psychological 

resilience. 

 BA39 (Angular gyrus): EEG neurofeedback directed to this area will help improve multisensory 
integration and anticipatory spatial orientation, maintaining global cognitive efficiency and 

anticipatory adaptability to complex everyday demands. 

The training sessions will be rigorously personalized based on detailed initial qEEG (brain mapping) 

analyses, with each participant having an individualized protocol, periodically adjusted according to specific 

neurophysiological evolution during the study. 

II. Gamma and Alpha cerebral photobiomodulation (10 minutes) 

The second component, cerebral photobiomodulation, uses non-invasive pulsed light for optimal and 

anticipatory stimulation of neuronal activity and cerebral metabolism. In the study, participants will alternately 

benefit from two scientifically validated therapeutic frequencies: 

 Gamma (40 Hz): Stimulates optimal neural synchronization, improves overall brain activity, helping 
to prevent subtle cognitive decline and boosting the brain's anticipatory ability to quickly process 

complex information. 
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 Alpha (10 Hz): Favors anticipatory cortical relaxation, reducing subtle anxiety and cognitive stress, 

promoting a general state of mental clarity, cognitive efficiency and neuronal recovery. 

This strategic alternation between Gamma and Alpha frequencies is thought to produce optimal synergistic 

effects for long-term cognitive and emotional longevity, maintaining the balance between anticipatory cortical 

activation and relaxation. 

III. Heart-brain biofeedback (cardiac coherence) (15 minutes) 

Heart-brain biofeedback is the third component of the intervention, being a psychophysiological technique 

that allows the conscious training of autonomic balance through controlled rhythmic breathing and deliberate 

emotional self-regulation. Participants will be guided and permanently monitored by clinically validated devices 

that measure heart rate variability (HRV) and cardiac coherence in real time. 

The objective of this method is to optimize anticipatory autonomics, increase physiological and emotional 

resilience to stress, as well as significantly improve the overall capacity for preventive emotional self-regulation. 

Through regular training, participants will be able to effectively anticipate and modulate the autonomic response 

to stress, thus strengthening autonomic and cognitive health in the long term. 

IV. Non-invasive vagal stimulation (nVNS) (15 minutes) 

The last component of the therapeutic session, non-invasive vagal stimulation, involves the use of a 

specialized, safe and comfortable device for transcutaneous electrical stimulation of the vagus nerve, a key 

element in regulating autonomic balance and reducing subtle systemic inflammation. 

This clinically proven method optimizes anticipatory parasympathetic activity, significantly reduces 

chronic physiological stress and neuronal inflammation, thereby supporting the maintenance of optimal 

autonomic health and robust cognitive and emotional resilience. Used regularly and preventively, vagal 

stimulation helps prevent subtle deterioration of autonomic and cognitive balance, ensuring optimal conditions 

for healthy longevity. 

By carefully combining these four complementary and synergistically integrated neurotechnological 

methods, each NeuroLongev therapeutic session becomes a complex, profound and holistic preventive 

intervention, capable of simultaneously optimizing the multiple physiological and neurocognitive mechanisms 

involved in maintaining anticipatory cognitive and emotional health and longevity, in a rigorous, scientifically 

validated and clinically applicable manner. 

Networking (Targeted Neural Networks) 

A fundamental component of the NeuroLongev study is the assessment and optimization of the activity 

of neural networks essential for maintaining long-term cognitive and emotional health. The human brain is 

organized into extensive and integrated neural networks, each with well-defined cognitive, emotional and 

autonomic functions. For an effective preventive intervention on cognitive and emotional longevity, the study 

explicitly targets four of the most relevant and significant neural networks: Default Mode Network (DMN), 

Central Executive Network (CEN), Salience Network (SN) and Dorsal Attention Network (DAN). 

Default Mode Network (DMN) 

The Default Mode Network (DMN) is one of the most intensively studied neural networks, being 

fundamentally involved in introspection, autobiographical memory, imagination, future-oriented thinking, and 

anticipatory emotional balance. This neural network becomes active when the individual is in a state of rest or 

introspection, allowing the brain to process complex internal information, integrate past experiences with 

anticipatory projections about the future, reflect on one's own emotions and decisions, and maintain a stable and 

coherent emotional state. 

In the context of healthy longevity, optimal and harmonious functioning of the DMN is essential, as subtle 

dysfunctions of this network have been repeatedly associated in the literature with early cognitive decline, chronic 

stress, anxiety, and even the onset of subtle neurodegenerative diseases. The NeuroLongev study will specifically 

assess DMN activity and connectivity through qEEG brain mapping and optimize the anticipatory functioning of 

this network through personalized EEG neurofeedback and brain photobiomodulation, thus strengthening 

introspection and preventive emotional balance. 

Central Executive Network (CEN) 

The Central Executive Network (CEN) plays a critical role in higher cognitive functions, such as executive 

control, sustained and directed attention, complex decision-making, strategic planning, and problem solving. This 

neural network, predominantly located in the dorsolateral prefrontal cortex and posterior parietal cortex, allows 
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the brain to efficiently manage complex information, filter external stimuli, and proactively plan optimal actions 

and decisions to achieve long-term goals. 

In an active adult population (30–40 years old), maintaining and anticipatory optimization of CEN activity 

is essential to avoid subtle and gradual deterioration of executive and attentional cognitive capacity. The 

NeuroLongev study will directly intervene on this network, using targeted EEG neurofeedback and 

photobiomodulatory brain stimulation to maintain the efficiency and anticipatory robustness of higher cognitive 

functions, essential for healthy longevity. 

Salience Network (SN) 

The Salience Network (SN), which mainly includes the anterior cingulate cortex and the anterior insula, 

is crucial in detecting and integrating relevant emotional, physiological, and cognitive stimuli, facilitating the 

body's rapid and appropriate anticipatory response to external or internal environmental demands. The SN plays 

a major role in attributing emotional and physiological importance to perceived stimuli and in coordinating 

efficient, context-adapted cognitive and autonomic responses. 

A subtle anticipatory dysfunction of the Salience network can lead to difficulties in emotional regulation, 

increased stress reactivity, and anticipatory vulnerability to anxiety or depressive disorders. The NeuroLongev 

study aims to preventively optimize the activity and connectivity of this network through non-invasive vagal 

stimulation and heart-brain biofeedback, thus supporting anticipatory emotional and autonomic resilience, 

essential for a healthy and balanced longevity. 

Dorsal Attention Network (DAN) 

The Dorsal Attention Network (DAN) is directly involved in the control of anticipatory spatial attention, 

proactive cognitive orientation, and the ability to multitask effectively. This neural network, which includes the 

superior parietal cortex and the oculo-frontal cortex, allows the brain to maintain focused attention anticipatoryly, 

switch quickly and efficiently between different tasks, and simultaneously manage the complex demands of 

everyday life. 

Suboptimal anticipatory activity of this network can lead to subtle difficulties in managing multiple tasks 

simultaneously, anticipatory cognitive fatigue, and increased vulnerability to everyday stress. The NeuroLongev 

study will optimize DAN activity and connectivity through personalized EEG neurofeedback and Gamma brain 

photobiomodulation, contributing to maintaining optimal anticipatory attention and an efficient capacity to 

manage complex cognitive demands. 

By carefully assessing and proactively intervening on these four fundamental neural networks, the 

NeuroLongev study aims to provide a holistic and integrated preventive approach capable of supporting long-

term cognitive, emotional and autonomous health and longevity in a healthy, active adult population interested in 

proactive prevention. This neural networking-based approach is innovative, scientifically validated and essential 

for the foundation of preventive neurotechnological interventions in modern and proactive clinical practice. 

 

3.4 Measurements and instruments used 

To objectively and thoroughly validate the effects of the multimodal preventive intervention on 

neurophysiological, cognitive and autonomic markers relevant to healthy longevity, the NeuroLongev study uses 

a rigorous and complex range of standardized, scientifically validated and internationally recognized instruments 

and measurements. Each of these instruments provides clear and precise quantitative and qualitative data, 

allowing for the accurate and repeated assessment of changes occurring over the 24 months of the study. 

Brain Mapping qEEG (Quantitative and Qualitative Electroencephalography) 

qEEG brain mapping is the central tool of the neurophysiological assessment within the NeuroLongev 

study, providing precise and objective measurements of brain activity and neuronal connectivity in explicitly 

targeted cortical areas and neural networks. This technique involves the use of standardized electrodes (10-20 

pattern) placed on the scalp, providing highly accurate data on brain electrical activity, which is subsequently 

processed by advanced software algorithms. 

Through this method, participants will benefit from rigorous and repeated assessments, performed at the 

beginning of the study (baseline), after each therapeutic cycle and at the end of the intervention period (24 

months). The qEEG analyses will specifically focus on Brodmann areas strategically selected for anticipatory 

longevity (BA6, BA11, BA22, BA31 and BA39), as well as major neural networks (Default Mode Network - 

DMN, Central Executive Network - CEN, Salience Network - SN and Dorsal Attention Network - DAN). The 

collected qEEG data will allow detailed evaluation of the following parameters: 
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 Absolute and relative spectral power(Delta, Theta, Alpha, SMR, Beta and Gamma), providing 

information about the balance of neural frequencies in the targeted areas. 

 Neural coherenceintra- and inter-hemispheric, measuring anticipatory functional connectivity 
between selected areas and targeted networks. 

 Cortical source analysis (LORETA)for precise identification of cortical areas that exhibit subtle 
anticipatory changes in neuronal activity. 

Repeated qEEG assessments will allow for precise monitoring of changes in cortical activity and the 

effectiveness of preventive multimodal neurotechnological intervention. 

 

Heart Rate Variability (HRV) 

Heart rate variability (HRV) is a scientifically validated physiological indicator of autonomic nervous 

system balance and anticipatory physiological and emotional resilience. To measure HRV, the study will use 

specialized and clinically standardized professional electrocardiography (ECG) and biofeedback equipment. HRV 

will be measured at each main assessment session (initial, intermediate and final), using clear and relevant 

parameters: 

 RMSSD (Root Mean Square of Successive Differences): a directly validated indicator of 

anticipatory parasympathetic activity and autonomic capacity for recovery and relaxation. 

 LF/HF (Low Frequency/High Frequency ratio): reflects the ratio between sympathetic and 
parasympathetic activity, providing clear data on autonomic balance and anticipatory physiological 

resilience. 

 SDNN (Standard Deviation of Normal-to-Normal intervals): global indicator of cardiac variability, 
relevant for the general capacity for anticipatory physiological adaptation to stress. 

These HRV measurements will allow for the objective and clear assessment of the impact of the preventive 

intervention on autonomic health, providing rigorous evidence regarding the optimization of anticipatory 

physiological balance in the experimental group. 

 

Stress and Cardiac Coherence Assessment (GP8) 

The assessment of physiological and emotional stress is carried out objectively and in detail using the GP8 

(Global Performance 8) device, a standardized and internationally validated clinical tool that measures 

psychophysiological parameters and cardiac coherence in real time and objectively. 

GP8 allows continuous monitoring of cardiac coherence, providing clear information about the 

participants' ability to achieve and maintain an optimal anticipatory autonomic and emotional state, characterized 

by parasympathetic balance and stress resilience. This tool also provides accurate quantitative data on the level 

of chronic and acute physiological stress, directly reflecting the effectiveness of the preventive techniques used 

in the NeuroLongev study (heart-brain biofeedback and vagal stimulation). 

GP8 assessments will be conducted at each major measurement point of the study, thus tracking subtle 

changes in anticipatory stress response, emotional self-regulation capacity, and overall level of cardiac coherence. 

In conclusion, the rigorous and detailed combination of these standardized and scientifically validated 

instruments and measurements (qEEG, HRV and GP8) ensures the precise, objective and repeatable evaluation 

of the preventive effects of the multimodal neurotechnological intervention within the NeuroLongev study. This 

complex and rigorous methodological approach guarantees that the results obtained will be scientifically valid, 

clinically reproducible and applicable in modern and preventive strategies to promote anticipatory cognitive, 

emotional and physiological health and longevity. 

 

 

4. Results 

4.1 Descriptive and statistical results 

To objectively evaluate the effectiveness of the anticipatory multimodal neurotechnological intervention, 

the data were analyzed using rigorous descriptive and statistical methods, presented according to American 

Psychological Association (APA) standards. 
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Neurophysiological parameters (Brain mapping qEEG) 

The results of qEEG assessments indicated statistically significant changes in cortical activity and 

neuronal connectivity for the anticipatory selected cortical areas (BA6, BA11, BA22, BA31, BA39) in the 

experimental group, compared to the control group. 

 
Table 1.Changes in absolute power of Alpha, SMR and Gamma bands in cortical areas BA6 and BA11 before and after 

intervention (N = 200) 

Cortical area EEG tape Assessment M (µV²) SD t(199) p Cohen's d 

BA6 Alpha Pre-intervention 15.40 3.10 14.35 < .001 1.02 

  Post-intervention 20.25 2.80    

BA6 SMR Pre-intervention 15.40 3.10 14.35 < .001 1.02 

  Post-intervention 20.25 2.80    

BA11 Alpha Pre-intervention 12.50 2.75 13.12 < .001 0.95 

  Post-intervention 17.85 3.05    

BA11 Gamma Pre-intervention 12.50 2.75 13.12 < .001 0.95 

  Post-intervention 17.85 3.05    

Note: M = mean; SD = standard deviation; µV² = microvolts squared; Alpha = 8-12 Hz; SMR = 12-15 Hz; Gamma = 30-

40 Hz. All results are statistically significant at the p < .001 level. 

 

The results presented in Table 1 reflect the changes observed in the absolute power of the Alpha, SMR 

and Gamma frequency bands in cortical areas BA6 and BA11 before and after the anticipatory multimodal 

neurotechnological intervention. According to the statistical analysis performed by t-tests for dependent samples, 

statistically significant differences were identified between the initial (pre-intervention) and the final (post-

intervention) assessment. 

In cortical area BA6, the absolute power of the Alpha and SMR bands increased significantly from pre-

intervention (M = 15.40 µV², SD = 3.10) to post-intervention (M = 20.25 µV², SD = 2.80), t(199) = 14.35, p < 

.001. The magnitude of the effect, indicated by the Cohen's d value (1.02), reflects a large effect of the preventive 

intervention on brain activity in this area, associated with cognitive and anticipatory motor agility. 

Similarly, in the cortical area BA11, associated with emotional regulation and anticipatory decisions, the 

absolute power of the Alpha and Gamma bands increased significantly from baseline (M = 12.50 µV², SD = 2.75) 

to the final assessment (M = 17.85 µV², SD = 3.05), t(199) = 13.12, p < .001. The magnitude of the Cohen's d 

effect (0.95) also suggests a substantial and clear effect of the intervention on optimizing neural activity in this 

cortical area essential for maintaining emotional balance and decisional flexibility. 

In conclusion, the data presented in the table confirm that the anticipatory multimodal neurotechnological 

intervention had a significant positive effect on neurophysiological parameters, clearly reflecting the 

improvement of neuronal activity in key cortical areas for anticipatory healthy longevity. These results validate 

the relevance and efficiency of the proposed protocol, indicating its significant potential in the prevention of early 

cognitive and emotional decline. 

 
Table 2.Changes in Alpha and Beta neural coherence (BA22) and connectivity of DMN and CEN networks after 

multimodal neurotechnological intervention (N = 200) 

Evaluated parameter Assessment M SD Statistical test p Effect 

size 

Alpha and Beta neural 

coherence (BA22) 

Pre-intervention 0.42 0.08 t(199)=11.80 <.001 d = 0.85 

 Post-intervention 0.53 0.06    

DMN and CEN 

connectivity (% increase) 

Experimental group 23% 3.50% F(1,398)=29.40 <.001 η² = .069 

 Control group 4% 1.80%    

Note: M = mean; SD = standard deviation; DMN = Default Mode Network; CEN = Central Executive Network; all 

values are statistically significant at the p < .001 level. 

 

The results in Table 2 highlight clear and significant changes in interhemispheric neural coherence in area 

BA22, as well as considerable optimization of functional connectivity in two major neural networks (DMN and 

CEN), following the multimodal neurotechnological preventive intervention. 
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Statistical analysis of neural coherence for the Alpha and Beta bands in the cortical area BA22 (superior 

temporal gyrus) indicated a significant increase after the intervention, suggesting a notable improvement in inter-

hemispheric neural communication and coordination. Specifically, the mean neural coherence increased from the 

pre-intervention value (M = 0.42, SD = 0.08) to the post-intervention value (M = 0.53, SD = 0.06), with a 

statistically significant difference (t(199) = 11.80, p < .001). The magnitude of the intervention effect, indicated 

by Cohen's d (0.85), reflects a considerable and clinically significant effect, thus supporting the hypothesis of the 

anticipatory preventive effectiveness of the proposed protocol. 

Regarding functional connectivity in the Default Mode Network (DMN) and Central Executive Network 

(CEN), the intervention resulted in a significant mean improvement of 23% in the experimental group from 

baseline, compared to a nonsignificant increase of only 4% in the control group. Analysis of variance (ANOVA) 

indicated a clear significant effect of the preventive intervention on neural connectivity in these major networks 

(F(1,398) = 29.40, p < .001). The η² effect size (.069) indicates a moderate to strong effect of the intervention on 

functional connectivity, reflecting a real and robust optimization of neural networks relevant for complex 

cognitive functions and anticipatory emotional regulation. 

Thus, these results strongly support the clinical and scientific validity of the proposed multimodal 

neurotechnological intervention, confirming its effectiveness in anticipatory optimization of brain activity and 

neural connectivity in the healthy adult population. The observed changes clearly demonstrate the intervention's 

potential to prevent subtle cognitive decline and support healthy longevity by improving the anticipatory 

functioning of cortical areas and fundamental neural networks. 

 

Autonomic parameters (Heart Rate Variability - HRV) 

The results regarding HRV parameters in Table 3 demonstrate significant changes in autonomic balance 

in the experimental group, as a result of the preventive multimodal neurotechnological intervention carried out 

over a period of 24 months. 

 
Table 3. Changes in HRV parameters (RMSSD, LF/HF and SDNN) before and after multimodal neurotechnological 

intervention in the experimental and control groups (N = 400) 

HRV parameter Group Assessment M (ms) SD t(199) p Cohen's d 

RMSSD Experimental Pre-intervention 42.10 6.70 16.55 <.001 1.17 

  Post-intervention 56.25 8.20    

 Control Pre-intervention 43.05 6.95 0.85 .39 0.06 

  Post-intervention 43.55 7.10    

LF/HF Experimental Pre-intervention 2.25 0.55 -12.74 <.001 -0.90 

  Post-intervention 1.65 0.40    

 Control Pre-intervention 2.20 0.60 -0.70 .48 -0.05 

  Post-intervention 2.18 0.58    

SDNN Experimental Pre-intervention 45.35 7.15 15.89 <.001 1.12 

  Post-intervention 62.80 9.25    

 Control Pre-intervention 46.00 7.30 1.05 .29 0.07 

  Post-intervention 46.60 7.50    

Note.HRV = Heart Rate Variability; RMSSD = Root Mean Square of Successive Differences (reflects parasympathetic 

activity); LF/HF = Low Frequency/High Frequency ratio (sympathetic-parasympathetic ratio); SDNN = Standard 

Deviation of Normal-to-Normal intervals (global variability); M = mean; SD = standard deviation; ms = milliseconds; 

all significant values are at the p < .001 level. 

 

The RMSSD parameter, which directly reflects parasympathetic activity and the autonomic capacity for 

recovery and relaxation, increased significantly in the experimental group between the initial assessment (M = 

42.10 ms, SD = 6.70) and the final assessment (M = 56.25 ms, SD = 8.20), with a significant difference (t(199) = 

16.55, p < .001) and a strong effect (Cohen's d = 1.17). This significant increase suggests a substantial 

improvement in anticipatory parasympathetic control, directly associated with increased resilience to stress and 

maintenance of optimal autonomic health. 

The LF/HF ratio, a clear indicator of autonomic balance (sympathetic-parasympathetic ratio), significantly 

decreased in the experimental group after the intervention, from a pre-intervention mean of 2.25 (SD = 0.55) to a 

post-intervention mean of 1.65 (SD = 0.40), thus indicating a clear and anticipated improvement in autonomic 

self-regulation and an effective reduction in sympathetic activation (t(199) = -12.74, p < .001, Cohen's d = -0.90). 

These results highlight the ability of the preventive intervention to optimize the physiological balance of the 
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participants, promoting a healthier and more balanced response to stress. 

Also, the SDNN value, a global parameter reflecting general autonomic adaptability and physiological 

resilience, increased significantly in the experimental group, from a baseline mean of 45.35 ms (SD = 7.15) to a 

post-intervention mean of 62.80 ms (SD = 9.25), indicating a significant overall improvement in anticipatory 

autonomic health (t(199) = 15.89, p < .001, Cohen's d = 1.12). In contrast, in the control group, changes in all 

HRV parameters were non-significant (all p values > .05), thus reflecting that the improvements observed in the 

experimental group can be clearly attributed to the preventive intervention applied. 

Interpretation of these results supports the hypothesis that anticipatory multimodal neurotechnological 

intervention can induce robust and beneficial changes in autonomic functioning, directly contributing to the 

anticipatory prevention of physiological stress and the maintenance of optimal cognitive and emotional health in 

the long term. The large effect size (Cohen's d > 0.80) observed for autonomic parameters supports the clinical 

applicability and high preventive relevance of this neurotechnological approach. 

 

Assessment of physiological stress and cardiac coherence (GP8) 

The results of the assessment carried out with the GP8 tool demonstrate the significant effectiveness of 

the preventive multimodal neurotechnological intervention on reducing anticipatory physiological stress and 

optimizing cardiac coherence in the experimental group, during the 24 months of intervention. 

 
Table 4. Changes in physiological stress (GP8 score) and cardiac coherence before and after multimodal 

neurotechnological intervention in the experimental and control groups (N = 400) 

Evaluated 

parameter 

Group Assessment M SD t(199) p Cohen's d 

Physiological 

stress (GP8) 

Experimental Pre-intervention 7.50 1.80 -18.40 <.001 -1.30 

  Post-intervention 3.85 1.15    

 Control Pre-intervention 7.45 1.85 -0.90 .37 -0.06 

  Post-intervention 7.40 1.90    

Cardiac coherence 

(%) 

Experimental Pre-intervention 48.50 8.40 20.25 <.001 1.43 

  Post-intervention 75.60 7.50    

 Control Pre-intervention 49.10 8.55 1.10 .27 0.08 

  Post-intervention 49.40 8.50    

Note.M = mean; SD = standard deviation; GP8 = Global Performance 8 (physiological stress score, where lower values 

reflect reduced physiological stress); Cardiac Coherence (%) = percentage of time spent in optimal coherence; all 

significant values are at the p < .001 level. 

 

Specifically, the level of physiological stress measured by the GP8 score recorded a statistically significant 

and clinically relevant reduction in the experimental group, decreasing from a pre-intervention mean value of 

7.50 (SD = 1.80) to a post-intervention mean value of 3.85 (SD = 1.15), (t(199) = -18.40, p < .001). The effect of 

the intervention on physiological stress was very strong, according to Cohen's d = -1.30, indicating a substantial 

and clear reduction in chronic physiological stress among participants in the experimental group. In contrast, the 

control group did not show significant changes in physiological stress (p = .37), confirming that the observed 

reduction is explicitly due to the preventive intervention implemented. 

Also, the mean level of cardiac coherence, reflecting the percentage of time spent in an optimal 

autonomous state, showed a highly significant and clinically relevant improvement in the experimental group, 

increasing from a pre-intervention mean of 48.50% (SD = 8.40) to a post-intervention mean of 75.60% (SD = 

7.50), with a robust statistical result (t(199) = 20.25, p < .001) and a large effect magnitude (Cohen's d = 1.43). 

This increase reflects a profound and clear optimization of the capacity for anticipatory emotional and 

autonomous self-regulation, supporting the relevance of the intervention in the anticipatory prevention of 

emotional and physiological imbalance. The control group did not show any significant change in cardiac 

coherence (p = .27), clearly confirming the effectiveness of the proposed neurotechnological intervention. 

In conclusion, these statistical and descriptive results rigorously and clearly confirm the significant 

efficacy of the neurotechnological preventive intervention on reducing physiological stress and optimizing 

cardiac coherence, directly contributing to the improvement of anticipatory emotional and physiological longevity 

in the active and healthy adult population. These solid and rigorous results provide robust scientific support for 
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the implementation of this intervention in modern preventive practice. 

 

The results presented in the NeuroLongev study provide clear and significant evidence in support of the 

effectiveness of the multimodal anticipatory neurotechnological intervention, confirming the central hypothesis 

of the research regarding the optimization of neurophysiological, autonomic and emotional parameters associated 

with healthy longevity. The intervention applied over a two-year period determined robust improvements in 

neuronal activity and connectivity in cortical areas essential for preventive cognitive and emotional functions 

(BA6, BA11, BA22, BA31, BA39) and in fundamental neural networks (DMN, CEN, SN and DAN). 

The intervention also had a significant and clinically relevant effect on autonomic balance, demonstrated 

by significant optimization of heart rate variability (HRV) parameters. The clear reduction in physiological stress 

and substantial improvement in cardiac coherence reflect the effectiveness of the intervention in promoting 

anticipatory emotional and autonomic self-regulation, essential elements for preventing subtle physiological and 

cognitive imbalances associated with aging. 

Therefore, the results obtained strongly validate the preventive multimodal neurotechnological 

intervention as a concrete, effective and reproducible method for the anticipatory prevention of cognitive and 

physiological decline, thus directly and significantly contributing to the promotion of healthy longevity. These 

findings provide a robust scientific foundation for the integration of this complex and innovative approach into 

modern preventive medicine, strategically oriented towards the maintenance of long-term cognitive, emotional 

and physiological health among active and healthy adults, actively concerned with the anticipatory optimization 

of their lives. 

 

4.2 Comparative results between the experimental group and the control group 

In order to objectively and precisely evaluate the effectiveness of the preventive multimodal 

neurotechnological intervention within the NeuroLongev study, a detailed comparative analysis was performed 

between the experimental group and the control group for all evaluated parameters (neurophysiological markers 

qEEG, HRV, physiological stress and cardiac coherence), during the two years of the study. The clear and 

statistically significant differences between the two groups are systematically presented below. 

 

Comparative differences for neurophysiological parameters (qEEG) 

The comparative results presented in Table 5 indicate clear, robust and statistically significant differences 

between the experimental and control groups in neurophysiological parameters assessed by quantitative 

electroencephalography (qEEG), after two years of anticipatory multimodal neurotechnological intervention. 

 
Table 5. Comparative analysis of neurophysiological parameters (qEEG) between the experimental group and the control 

group after 24 months of intervention (N = 400) 

Evaluated parameter Group M SD Statistical test p Effect size 

Absolute Power Alpha & 

SMR (BA6, µV²) 

Experimental 20.25 2.80 t(398)=15.20 < .001 d = 1.08 

Control 15.70 3.05    

Absolute Power Alpha & 

Gamma (BA11, µV²) 

Experimental 17.85 3.05 t(398)=15.90 < .001 d = 1.12 

Control 13.05 3.10    

Alpha & Beta Neural 

Coherence (BA22) 

Experimental 0.53 0.06 t(398)=13.85 < .001 d = 0.98 

Control 0.43 0.08    

DMN & CEN connectivity (% 

average increase) 

Experimental 23% 3.50% F(1,398)=29.40 < .001 η² = .069 

Control 4% 1.80%    

Note.M = mean; SD = standard deviation; µV² = microvolts squared; Alpha = 8-12 Hz; SMR = 12-15 Hz; Gamma = 30-

40 Hz; DMN = Default Mode Network; CEN = Central Executive Network; all results are statistically significant at the p 

< .001 level. 

 

The experimental group demonstrated significantly greater absolute power for the Alpha and SMR bands 

in cortical area BA6 (M = 20.25 µV², SD = 2.80), compared to the control group (M = 15.70 µV², SD = 3.05), 

and this difference was statistically significant (t(398) = 15.20, p < .001), with a large magnitude of the 

intervention effect (Cohen's d = 1.08). These results indicate a real improvement in cortical functioning associated 

with cognitive and motor agility in the experimental group. 
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In the BA11 area, associated with anticipatory emotional regulation and decision-making, the absolute 

power of the Alpha and Gamma bands was also significantly higher in the experimental group (M = 17.85 µV², 

SD = 3.05) compared to the control group (M = 13.05 µV², SD = 3.10), this difference being clearly statistically 

significant (t(398) = 15.90, p < .001) and having a strong effect magnitude (Cohen's d = 1.12). The result clearly 

suggests that the intervention significantly and effectively improved anticipatory cognitive and emotional 

functions in participants in the experimental group. 

Regarding neural coherence in the BA22 area, the experimental group demonstrated significantly higher 

Alpha and Beta coherence between hemispheres (M = 0.53, SD = 0.06) compared to the control group (M = 0.43, 

SD = 0.08), this difference being highly statistically significant (t(398) = 13.85, p < .001), with a large effect size 

(Cohen's d = 0.98). Thus, the effectiveness of the preventive intervention in anticipatory optimization of neural 

connectivity associated with auditory processing and verbal memory is confirmed. 

Also, functional connectivity within major neural networks (DMN and CEN) increased significantly more 

in the experimental group (23%) compared to the control group (4%), a highly statistically significant difference 

(F(1,398) = 29.40, p < .001), with a moderate to large effect size (η² = .069). This significant improvement reflects 

the clear and robust impact of the preventive intervention on the anticipatory optimization of neural networks 

involved in higher cognitive processes and anticipatory emotional balance. 

In conclusion, the comparative qEEG results clearly and robustly confirm the efficacy of the multimodal 

preventive neurotechnological intervention applied in the NeuroLongev study. The statistically significant 

differences observed between the experimental and control groups underline the clear and measurable benefits of 

this protocol in the anticipatory prevention of subtle cognitive and emotional decline, having direct potential in 

maintaining healthy longevity and long-term quality of life among the active and healthy adult population. 

Comparative differences for HRV parameters 

The comparative results of HRV (heart rate variability) parameters presented in Table 6 reflect the clear 

and statistically significant differences between the experimental group and the control group after the 24-month 

anticipatory multimodal neurotechnological intervention. 

The RMSSD parameter, a direct indicator of parasympathetic activity and anticipatory autonomic 

recovery capacity, increased significantly more in the experimental group (M = 56.25 ms, SD = 8.20) than in the 

control group (M = 43.55 ms, SD = 7.10). The observed difference was highly statistically significant (t(398) = 

16.30, p < .001), with a strong intervention effect (Cohen's d = 1.15), indicating a substantial improvement in 

autonomic balance and an anticipatory reduction in physiological stress. 

 
Table 6. Comparative analysis of HRV parameters between the experimental group and the control group after 24 months 

of intervention (N = 400) 

HRV parameter Group M (ms) SD Statistical test p Cohen's d 

RMSSD Experimental 56.25 8.20 t(398)=16.30 < .001 1.15 

 Control 43.55 7.10    

LF/HF Experimental 1.65 0.40 t(398)=-10.85 < .001 -0.86 

 Control 2.18 0.58    

SDNN Experimental 62.80 9.25 t(398)=14.50 < .001 1.03 

 Control 46.60 7.50    

Note.HRV = Heart rate variability; RMSSD = Root Mean Square of Successive Differences (parasympathetic activity); 

LF/HF = Low Frequency/High Frequency ratio (sympathetic-parasympathetic ratio); SDNN = Standard Deviation of 

Normal-to-Normal intervals (global variability); M = mean; SD = standard deviation; ms = milliseconds; all significant 

values are at the p < .001 level. 

 

The LF/HF ratio, reflecting the balance between sympathetic and parasympathetic activation, was 

significantly reduced in the experimental group (M = 1.65, SD = 0.40) compared to the control group (M = 2.18, 

SD = 0.58), thus indicating a clear decrease in chronic stress-related sympathetic activation. The statistical results 

demonstrate that this reduction is significant (t(398) = -10.85, p < .001), with a large magnitude of the intervention 

effect (Cohen's d = -0.86). This optimization of the LF/HF ratio reflects a superior autonomic balance in the 

experimental group. 

Also, the global SDNN parameter, an indicator of general heart rate variability and autonomic capacity 

for anticipatory adaptation to physiological and emotional demands, increased significantly more in the 

experimental group (M = 62.80 ms, SD = 9.25) compared to the control group (M = 46.60 ms, SD = 7.50), the 

difference being statistically significant (t(398) = 14.50, p < .001), with a large effect magnitude (Cohen's d = 
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1.03). Thus, the intervention demonstrated significant effectiveness in the global improvement of autonomic 

adaptability and anticipatory resilience to stress. 

These comparative results confirm the significant and measurable effectiveness of the preventive 

multimodal neurotechnological intervention on optimizing autonomic balance, directly and significantly 

contributing to the anticipatory improvement of physiological and emotional resilience among active and 

clinically healthy adults. The robust and clearly documented effects reflected by Cohen's d values underline the 

major clinical relevance and direct applicability of the NeuroLongev preventive protocol in modern medical 

practice. 

 

Comparative differences for physiological stress and cardiac coherence (GP8) 

The comparative results presented in Table 7 reflect clear, robust and statistically significant differences 

between the experimental and control groups in terms of physiological stress and cardiac coherence, measured by 

the GP8 instrument, after 24 months of anticipatory neurotechnological intervention. 

Specifically, the level of physiological stress, as measured by the GP8 score, was significantly lower in 

the experimental group (M = 3.85, SD = 1.15) than in the control group (M = 7.40, SD = 1.90), the difference 

being highly statistically significant (t(398) = -21.10, p < .001). The magnitude of the intervention effect on 

physiological stress was very large (Cohen's d = -1.50), clearly indicating that the intervention produced a 

substantial and clinically relevant reduction in chronic anticipatory physiological stress in participants in the 

experimental group. 

 
Table 7. Comparative analysis of physiological stress (GP8 score) and cardiac coherence between the experimental group 

and the control group after 24 months of intervention (N = 400) 

Evaluated parameter Group M SD Statistical test p Cohen's d 

Physiological stress (GP8) Experimental 3.85 1.15 t(398)=-21.10 < .001 -1.50 

 Control 7.40 1.90    

Cardiac coherence (%) Experimental 75.60 7.50 t(398)=22.40 < .001 1.58 

 Control 49.40 8.50    

Note.M = mean; SD = standard deviation; GP8 = Global Performance 8 (physiological stress score, lower values 

indicate reduced stress); Cardiac Coherence (%) = percentage of time spent in optimal cardiac coherence; all values are 

statistically significant at the p < .001 level. 

Also, cardiac coherence, expressed as the percentage of time spent in an optimal state of autonomic self-

regulation, was significantly higher in the experimental group (M = 75.60%, SD = 7.50) compared to the control 

group (M = 49.40%, SD = 8.50), a difference that was statistically significant (t(398) = 22.40, p < .001). The 

magnitude of the effect for cardiac coherence (Cohen's d = 1.58) reflects a very strong effect, clearly 

demonstrating that the multimodal neurotechnological intervention contributed decisively to the anticipatory 

optimization of autonomic and emotional self-regulation, an essential element in the anticipatory prevention of 

physiological and cognitive imbalances. 

These comparative results robustly confirm the efficacy and clinical relevance of neurotechnological 

preventive intervention in reducing physiological stress and optimizing cardiac coherence. They provide a solid 

basis for recommending this comprehensive approach in modern preventive practice, directly contributing to 

healthy longevity and maintaining cognitive and emotional quality of life among the healthy and active adult 

population. 

The comparative results presented clearly and robustly confirm that the anticipatory multimodal 

neurotechnological intervention NeuroLongev, conducted over a two-year period, generates significant and 

measurable effects on neurophysiological (qEEG), autonomic (HRV) and emotional (GP8) markers relevant for 

healthy longevity. 

The clear and consistent statistical differences between the experimental and control groups reflect the 

substantial efficiency of the proposed protocol, revealed both by optimizing cortical activity and neural 

connectivity in selected areas and networks, as well as by significantly improving autonomic balance, reducing 

physiological stress, and increasing the anticipatory capacity for emotional self-regulation. 

The large magnitude of the effects (Cohen's d > 0.80 for most of the parameters assessed) confirms that 

multimodal neurotechnological intervention not only subtly prevents cognitive and physiological decline, but also 

has the potential to optimize and strengthen neurophysiological and autonomic activities fundamental to healthy 

longevity. 
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Therefore, these results firmly validate the clinical relevance and direct applicability of the NeuroLongev 

protocol in the context of modern preventive medical practice, recommending it as a robust, scientifically 

validated and reproducible method for the young, healthy adult population actively concerned with anticipatory 

prevention and the maintenance of long-term cognitive, emotional and physiological health. 

4.3 Interpretation of results in clinical and neurophysiological context 

The significant results obtained in the NeuroLongev study, interpreted in a clinical and neurophysiological 

context, confirm and extend current knowledge about the neurobiological and autonomic mechanisms involved 

in maintaining long-term cognitive and emotional health. Specifically, the correlation of these results with the 

neuroscientific mechanisms already known in the literature provides a clear perspective on how multimodal 

neurotechnological intervention can effectively and anticipatoryly contribute to the prevention of subtle cognitive 

and autonomic decline associated with aging. 

Neurophysiological optimization in selected cortical areas and major neural networks (qEEG) 

The significant increase in absolute power in the Alpha and SMR bands observed in cortical areas BA6 

and BA11 reflects an anticipatory improvement in cognitive and emotional functioning, thus supporting the 

processes of executive control, flexible decision-making, and cognitive and motor agility (Klimesch, 2012; 

Gruzelier, 2014). Neuroscientific literature shows that the Alpha and SMR bands are directly involved in the 

processes of anticipatory attention, inhibitory control, and emotional self-regulation, and their increase positively 

correlates with the improvement of higher cognitive and emotional functions (Başar, 2012). 

Similarly, the increase in Alpha and Gamma bands in cortical area BA11 is consistent with existing data 

indicating the essential role of the orbitofrontal cortex in anticipatory emotional regulation, risk assessment, and 

optimal decision-making in social contexts (Ochsner & Gross, 2005; Harmony, 2013). These changes clearly 

reflect that the proposed intervention acted positively on these processes essential for emotional and decision-

making longevity. 

The increase in interhemispheric Alpha and Beta neural coherence in the BA22 area is consistent with 

data from the neurophysiological literature, which suggests that optimal interhemispheric neural communication 

significantly improves anticipatory auditory and verbal cognitive and memory capacities, contributing to a healthy 

and robust cognitive state in the long term (Thatcher, 2010; Barry & Clarke, 2013). 

Furthermore, the enhancement of functional connectivity in the DMN and CEN networks supports and 

validates evidence from the scientific literature, which highlights the essential importance of these neural 

networks for complex cognitive functions such as introspection, anticipatory autobiographical memory, planning, 

and strategic decision-making (Raichle, 2015; Menon & Uddin, 2010). This anticipatory increase in connectivity 

supports the brain's ability to respond flexibly and efficiently to the complex cognitive and emotional demands 

of everyday life. 

Anticipatory autonomous optimization (HRV) 

The significant results regarding the optimization of HRV parameters (RMSSD, LF/HF and SDNN) are 

consistent with the autonomic mechanisms clearly documented in the existing literature (Shaffer & Ginsberg, 

2017). The significant increase in RMSSD reflects the improvement of parasympathetic activity and the 

anticipatory capacity for recovery and physiological resilience, essential in the prevention of chronic stress and 

the maintenance of cardiac and emotional health (Thayer et al., 2012). Similarly, the decrease in the LF/HF ratio 

clearly demonstrates an anticipatory reduction of sympathetic dominance, supporting cardiovascular health and 

reducing the risk of stress-related conditions (Porges, 2009). 

The increase in SDNN reflects improvements in global heart rate variability and overall autonomic 

adaptive capacity, providing robust validation of multimodal neurotechnological intervention as an anticipatory 

preventive tool for autonomic and cardiovascular longevity (Shaffer & Venner, 2013). 

Anticipatory reduction of physiological stress and optimization of cardiac coherence (GP8) 

The significant reduction in physiological stress measured by GP8 and the improvement in cardiac 

coherence are directly correlated with known mechanisms of the hypothalamic-pituitary-adrenal (HPA) axis and 

the autonomic nervous system (ANS). The literature shows that chronic stress negatively affects autonomic and 

cognitive health, and the increased capacity for anticipatory self-regulation and sustained cardiac coherence have 

a proven protective role against oxidative stress and subtle inflammation associated with cognitive and 

physiological aging (McCraty & Shaffer, 2015; Thayer & Lane, 2009). 

The multimodal neurotechnological intervention, integrating EEG neurofeedback, brain 

photobiomodulation, and noninvasive vagal stimulation, significantly contributed to the anticipatory reduction of 
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HPA axis activation and sympathetic activity, thus promoting superior autonomic balance and increased 

physiological resilience to stress. This interpretation aligns perfectly with data from the neuroscientific literature, 

which clearly demonstrates that anticipatory optimization of cardiac coherence and reduction of physiological 

stress directly contribute to the prevention of subtle cognitive decline and the maintenance of healthy longevity 

(McEwen, 2007; Porges, 2009). 

Interpreting the results obtained in this study in the context of known neuroscientific mechanisms strongly 

validates the proposed anticipatory multimodal neurotechnological intervention. The data obtained confirm that 

this intervention not only subtly prevents, but also clearly optimizes neuronal activity, autonomic balance and 

anticipatory emotional resilience. The results are fully consistent with known neurophysiological mechanisms 

and underline the major clinical relevance and applicability of this innovative approach in modern preventive 

practice, thus providing a powerful and scientifically validated tool for anticipatory optimization of cognitive, 

emotional and physiological longevity. 

 
4.4 Relevance of immediate and longitudinal effects 

Assessing the relevance of immediate and longitudinal effects is a crucial element in establishing the 

clinical validity and applicability of the preventive neurotechnological intervention in the NeuroLongev study. 

The results obtained during the 24-month intervention clearly demonstrate that the effects generated were not 

only immediate and transient, but also sustainable and cumulative, persisting and amplifying throughout the entire 

monitoring interval. 

Immediate effects of preventive intervention 

In the initial phases of the intervention, participants in the experimental group rapidly showed significant 

improvements in neurophysiological (qEEG), autonomic (HRV) and emotional (GP8) markers, revealed after the 

first therapeutic cycles (approximately 10-20 weeks). These immediate effects included rapid increases in the 

power of the Alpha and SMR bands in cortical areas BA6 and BA11, improved inter-hemispheric neural 

coherence in area BA22 and increased functional connectivity in major neural networks (DMN, CEN, SN and 

DAN). 

From an autonomic point of view, the intervention generated rapid effects on HRV parameters (RMSSD, 

LF/HF and SDNN), indicating rapid improvement in autonomic balance and anticipatory recovery capacity. Also, 

clear reductions in physiological stress and improvements in cardiac coherence were observed from the first 

weeks of the intervention, confirming the rapidity of the anticipatory preventive effect. 

 
Sustainability and persistence of long-term effects (24 months) 

One of the most important findings of the NeuroLongev study is that the beneficial effects observed 

immediately after the first therapeutic cycles not only persisted, but were significantly consolidated and amplified 

over the 24 months of intervention. This persistence and consolidation of effects clearly demonstrates the 

cumulative and sustainable nature of the preventive neurotechnological intervention. 

Specifically, data collected at the end of the study indicate a clear and consistent improvement in 

neurophysiological markers measured by qEEG, with a robust and sustainable stabilization of optimized cortical 

activity, neuronal coherence, and network connectivity. In clinical and neurophysiological terms, these effects 

confirm that the intervention does not simply temporarily optimize neuronal functioning, but generates durable 

and anticipatory neuroplastic changes that persist significantly after the intervention is completed. 

The persistence of autonomic effects reflected in the constant and sustainable improvement of HRV 

parameters throughout the study strongly supports the fact that the multimodal neurotechnological intervention is 

capable of generating durable and clinically relevant autonomic changes. This translates into a significant 

reduction and maintenance of chronic sympathetic activity and the promotion of an optimal anticipatory 

parasympathetic balance, with clear and sustainable preventive effects on cardiovascular and emotional health. 

The stable and persistent reduction in physiological stress and improvement in cardiac coherence after 

two years confirm that the proposed intervention induces profound and stable neurophysiological and autonomic 

changes, capable of supporting long-term anticipatory physiological and emotional resilience. Thus, the results 

clearly reveal that the NeuroLongev intervention is not just a one-time therapeutic method, but a robust and 

sustainable approach for maintaining cognitive, emotional and physiological longevity throughout active adult 

life. 
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Clinical relevance of longitudinal effects 

From a clinical point of view, the persistence and sustainability of the effects obtained from the 

NeuroLongev intervention are of major relevance. Existing studies emphasize that the most effective preventive 

interventions are those that generate durable and stable neuroplastic changes over time (Draganski et al., 2004; 

Pascual-Leone et al., 2005). Current data clearly align with these neuroscientific perspectives and confirm that 

the anticipatory multimodal neurotechnological intervention has the capacity to induce stable and durable changes 

at the neurophysiological and autonomic levels, which gives it high practical relevance and major clinical 

applicability in the anticipatory prevention of subtle cognitive and emotional aging. 

In conclusion, the relevance of the immediate and longitudinal effects confirms that the NeuroLongev 

intervention represents not only an effective immediate solution for optimizing cognitive, emotional and 

autonomic health, but also a sustainable and durable method in the long term, with significant potential for 

integration into preventive health strategies, offering a concrete and effective approach for the anticipatory 

optimization of active and healthy adult life. 

 

 

5. Discussions 

5.1 Interpretation and relevance of results 

The results of the NeuroLongev study make a significant contribution to the field of anticipatory 

preventive medicine, providing clear, rigorous and well-argued evidence on the effectiveness of a multimodal 

neurotechnological intervention in optimizing cognitive, emotional and physiological health in the long term. The 

clear validation of the effectiveness of this preventive intervention is reflected in the robust data obtained through 

neurophysiological measurements (qEEG), autonomic parameters (HRV) and assessments of physiological stress 

and cardiac coherence (GP8), all of which are supported by rigorous statistical analyses consistent with the 

existing literature. 

Specifically, the intervention demonstrated clear, significant, and positive effects on neurophysiological 

markers, reflected by significant increases in neuronal activity in key cortical areas (BA6, BA11, BA22, BA31, 

and BA39). These results clearly validate the hypothesis that preventive neurotechnological intervention can 

induce beneficial and stable changes at the cortical level, facilitating an optimized anticipatory neuronal activity, 

essential for maintaining cognitive agility, emotional flexibility, and decisional resilience (Klimesch, 2012; 

Thatcher, 2010). 

The significant improvement in interhemispheric neural coherence in the BA22 area and in connectivity 

in fundamental neural networks (DMN, CEN, SN and DAN) further validates the effectiveness of the intervention 

and underlines the direct neurophysiological relevance of preventive optimization of cortical connectivity. The 

neuroscientific literature confirms the importance of this coherence for supporting efficient cortical 

communication and complex cognitive processes such as memory, attention and anticipatory emotional regulation 

(Raichle, 2015; Menon & Uddin, 2010). 

The robust results obtained on autonomic parameters, expressed by significant improvement in HRV, 

confirm that the NeuroLongev intervention acts profoundly and effectively on anticipatory autonomic balance. 

The substantial increase in RMSSD, reduction in LF/HF ratio and improvement in SDNN demonstrate that the 

intervention has the capacity to induce a clear and lasting change in parasympathetic-sympathetic balance, directly 

contributing to the anticipatory prevention of chronic physiological stress and thus supporting long-term 

cardiovascular and emotional health (Shaffer & Ginsberg, 2017; Thayer et al., 2012). 

Furthermore, the significant reduction in physiological stress and improvement in cardiac coherence, 

consistently observed in the experimental group, further validate the clinical relevance of the preventive 

intervention. These results confirm that the intervention has the real and sustainable capacity to reduce HPA axis 

activation and sympathetic response to stress, elements known from the literature to be central to maintaining 

anticipatory emotional and physiological health (McCraty & Shaffer, 2015; McEwen, 2007). 

From a clinical and practical point of view, the relevance of these results is considerable. The clear and 

rigorous validation of the effectiveness of the preventive neurotechnological intervention demonstrates that this 

approach not only subtly and anticipatoryly prevents cognitive and physiological decline, but also optimizes and 

strengthens the neurophysiological and autonomic activities fundamental to healthy longevity. Thus, the 
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intervention offers a concrete, reproducible and clinically applicable preventive solution, perfectly aligned with 

the current needs of an active adult population, aware and interested in maintaining and anticipatory optimization 

of cognitive, emotional and physiological health. 

In conclusion, the interpretation of the obtained results firmly and convincingly confirms the validity of 

the NeuroLongev preventive intervention, indicating its major potential for practical and clinical integration into 

modern preventive medicine. These results significantly contribute to the scientific substantiation of anticipatory 

preventive strategies, providing clear and reproducible evidence for the implementation of multimodal 

neurotechnological interventions as an effective and validated standard in optimizing cognitive, emotional and 

physiological longevity in the long term. 

5.2 Integrating the results with existing literature 

The results of the present study, NeuroLongev, clearly and coherently integrate the data obtained with the 

existing international literature in the field of preventive neurotechnological interventions and anticipatory 

medicine. In particular, this section comparatively analyzes and positions the results of the study in relation to 

similar research, highlighting how the results obtained support, extend and clarify existing knowledge in the field 

of preventive neuroscience. 

In the context of anticipatory neurophysiological optimization (qEEG), the significant increases in Alpha, 

SMR, and Gamma activity in cortical areas BA6 and BA11 are in clear agreement with previous studies that have 

identified these frequency bands as important markers for cognitive and emotional health and performance 

(Klimesch, 2012; Gruzelier, 2014). For example, Klimesch (2012) showed that increased Alpha activity directly 

correlates with anticipatory improvement in cognitive performance, while Gruzelier (2014) demonstrated that 

neurofeedback focused on SMR improves inhibitory control and anticipatory executive performance. In this 

regard, the NeuroLongev results confirm and extend this evidence, demonstrating that a long-term multimodal 

neurotechnological intervention can generate stable and durable changes in cortical activity in these bands 

essential for anticipatory cognitive and emotional health. 

Similarly, the increase in Alpha and Beta neural coherence in area BA22, as well as the improvement in 

connectivity in major neural networks (DMN and CEN), are perfectly aligned with the literature demonstrating 

the critical role of optimal neural connectivity in preventing subtle cognitive decline and maintaining cognitive 

longevity (Raichle, 2015; Thatcher, 2010; Barry & Clarke, 2013). The current results provide further validation 

for the idea that preventive interventions that optimize neural coherence and connectivity have a significant effect 

on anticipated healthy longevity, confirming and extending the evidence from existing studies. 

The autonomic (HRV) assessments of the NeuroLongev study strongly confirm and extend the current 

literature on the importance of heart rate variability in anticipatory prevention. The results obtained on RMSSD, 

LF/HF and SDNN are fully consistent with large international studies (Shaffer & Ginsberg, 2017; Thayer et al., 

2012; Porges, 2009), which have already established that anticipatory autonomic optimization is essential in the 

prevention of cardiovascular diseases, chronic stress and subtle cognitive and physiological aging. Thus, the 

current results provide additional solid evidence on the effectiveness of preventive neurotechnological 

interventions in clear and sustainable optimization of autonomic parameters, validating the major relevance of 

these interventions in modern preventive practice. 

The reduction in physiological stress and improvement in cardiac coherence obtained in the NeuroLongev 

study clearly and coherently fit into the international literature describing the preventive effects of interventions 

that reduce chronic stress and activate anticipatory autonomic mechanisms (McCraty & Shaffer, 2015; McEwen, 

2007; Porges, 2009). The current data confirm that a multimodal approach, combining EEG neurofeedback, brain 

photobiomodulation, heart–brain biofeedback, and vagal stimulation, can significantly and sustainably reduce 

HPA axis and sympathetic nervous system activation, thus providing clear preventive effects on anticipatory 

emotional and autonomic health. 

Compared to previous studies in the literature, the NeuroLongev study makes a distinctive contribution 

through its long duration (24 months) and unique integration of four different neurotechnological methods. While 

most existing studies have addressed neurotechnological interventions either in the short term (under one year) 

or through single methods (neurofeedback alone or photobiomodulation alone), the current study provides a more 

complete and complex perspective on the anticipated preventive effects, allowing for clear observation of 

cumulative and sustainable long-term effects. 
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Thus, the positioning of the NeuroLongev study in the international literature is clear, distinctive and 

relevant, bringing robust evidence that confirms, extends and clarifies the effectiveness and sustainability of 

preventive multimodal neurotechnological interventions. The current results contribute significantly to the 

scientific and clinical foundation of anticipatory preventive medicine and provide clear arguments for the 

integration of the NeuroLongev preventive intervention as a validated and reproducible strategy in modern clinical 

practice. 

 

5.3 Clinical and practical implications 

The results obtained in the NeuroLongev study have major clinical and practical implications, providing 

clear and scientifically validated arguments for implementing a multimodal neurotechnological preventive 

approach in current medical practice. The proposed intervention demonstrates robust efficacy in the anticipatory 

prevention of subtle cognitive, emotional and autonomic decline, providing healthcare professionals with a 

concrete, clear and reproducible tool for maintaining and optimizing the health of the young, active and healthy 

adult population. Specific clinical recommendations for integrating the NeuroLongev preventive protocol 

1. Early implementation in the working adult population (30-40 years old) 

The results confirm the importance and major advantages of an early preventive intervention in the 30–

40 years period, before the first subtle signs of cognitive and physiological decline appear. The clinical 

recommendation is that the NeuroLongev protocol be implemented as a standardized method of anticipatory 

prevention in the active and clinically healthy adult population, to maximize the potential for maintaining 

cognitive and emotional health in the long term. 

2. Integrating the protocol into preventive health and neurotechnology centers 

Given the robust and clearly validated results, it is recommended to integrate the NeuroLongev protocol 

into specialized preventive health centers, neurological clinics and neurotechnology offices, as a scientifically 

validated and effective method for anticipatory optimization of cognitive, autonomic and emotional functions. 

Thus, patients will have direct and easy access to a scientifically substantiated preventive intervention supported 

by rigorous data. 

3. Adoption of the protocol in primary and family medicine 

An essential clinical recommendation is to include this preventive protocol in primary care and family 

medicine practices. Physicians can thus identify early on adults who may benefit from this preventive 

intervention, actively recommending it to patients concerned about their long-term health and the subtle and 

anticipatory prevention of physiological and cognitive decline associated with stress and aging. 

4. Specific professional training of specialists in preventive neurotechnology 

The effective implementation of the NeuroLongev protocol requires specific professional training of 

specialists in EEG neurofeedback, cerebral photobiomodulation, heart-brain biofeedback and non-invasive vagal 

stimulation. Thus, it is recommended to develop training and certification programs for specialists in the field of 

preventive health and neuroscience, ensuring the correct, standardized and effective application of the protocol. 

5. Development of preventive clinical guidelines 

The study results provide the scientific basis for the development of specific preventive clinical guidelines 

that include the NeuroLongev protocol as a recommended standard method for proactively optimizing cognitive, 

emotional, and autonomic health. These guidelines may facilitate the adoption and integration of the protocol into 

current practice, thus supporting long-term health among the active adult population. 

6. Promoting awareness and preventive education in public health 

Given the clear and reproducible effectiveness of the NeuroLongev intervention, it is recommended to 

actively promote this preventive approach through education and public awareness campaigns. Thus, active and 

clinically healthy adults can become aware of the benefits of an early and preventive intervention, proactively 

adopting the NeuroLongev protocol to maintain cognitive and emotional longevity. 

7. Periodic evaluation and monitoring of neurophysiological and autonomic parameters 

For effective clinical implementation and rigorous monitoring of preventive effects, periodic standardized 

assessments of neurophysiological (qEEG), autonomic (HRV) and physiological stress (GP8) parameters are 

recommended. Thus, healthcare professionals can monitor the evolution and optimization of parameters essential 

for healthy longevity, ensuring the maintenance of the effects obtained and adjusting the intervention according 

to the specific needs of each patient. 
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The clinical and practical implications of the NeuroLongev study are considerable and offer a major 

opportunity to transform anticipatory preventive medicine in Romania and internationally. The solid and robust 

results obtained clearly justify the widespread adoption of the multimodal neurotechnological protocol as a 

standardized, validated and effective intervention in maintaining and optimizing anticipatory cognitive, emotional 

and autonomic health in the long term. By integrating these specific recommendations into current clinical and 

preventive practice, the NeuroLongev intervention can become an essential tool in supporting healthy longevity, 

directly and significantly contributing to the improvement of quality of life among the active and clinically healthy 

adult population. 

 

5.4 Study limitations and control 

Even though the results of the NeuroLongev study are robust and clearly validate the effectiveness of the 

proposed preventive intervention, it is essential to openly and transparently discuss certain limitations inherent in 

the research, as well as the proactive measures implemented to minimize and control these confounding factors. 

Awareness and rigorous analysis of these limitations provide valuable opportunities for improving future studies 

and strengthening the clinical validity of neurotechnological preventive interventions. 

1. Limitations related to sample homogeneity 

An important limitation of the study is the homogeneity of the participating population (clinically healthy 

adults, aged 30–40 years, from an urban environment and with a balanced active lifestyle). Although this aspect 

facilitates the internal validation of the results, it may restrict the generalizability of the intervention to different 

populations, such as adults with a more sedentary lifestyle, from rural environments or with minor health 

problems. To control for this limitation, inclusion and exclusion criteria were clearly defined and rigorous, and 

strict randomization was used for the distribution of participants into study groups. Future studies may include 

more diverse populations for extensive external validation of the NeuroLongev protocol. 

2. Possible influences of psychosocial factors 

Psychosocial factors such as individual motivation, educational level, social support, and lifestyle outside 

of the preventive intervention may influence the results and represent an important limitation of the study. 

The study included clear selection criteria, detailed socio-demographic assessments, and constant 

monitoring to control and minimize the influence of these factors. Participants were given standardized 

instructions for maintaining a balanced lifestyle, thus reducing possible external interference. 

3. The placebo effect and the influence of subjective expectations 

In studies involving neurotechnological interventions, there is a risk that the placebo effect or the 

subjective expectations of participants may significantly influence the results obtained. The implementation of a 

robust control group and rigorous randomization were essential in controlling the placebo effect. In addition, to 

reduce the influence of subjective expectations, participants were not given detailed information about the exact 

hypotheses and expected outcomes of the study, and a standardized and uniform intervention protocol was 

maintained. 

4. Lack of additional biological assessments 

Although the study included rigorous neurophysiological (qEEG) and autonomic (HRV) measurements, 

additional biological measurements, such as biological stress markers (cortisol, inflammatory markers), which 

could provide additional data on the biological mechanisms involved, were not used. 

Standardized neurophysiological and autonomic assessments were rigorous and extensive, and the study 

used clinically validated and internationally recognized tools and methods (qEEG, HRV, GP8). Future studies 

may add complementary biological assessments for a deeper understanding of the physiological mechanisms 

involved. 

5. Limited duration of post-intervention follow-up 

Although the intervention period was extended (24 months), the duration of post-intervention follow-up 

was limited. This may reduce the study's ability to fully assess the persistence of effects over the very long term 

after the intervention ended. 

The study, however, included detailed and multiple assessments over the two-year period, clearly 

demonstrating the sustainability of the intervention effects. Future research may include longer follow-up periods 

(5–10 years) to further validate long-term effects. 
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6. The complexity of multimodal intervention 

The proposed multimodal intervention, combining EEG neurofeedback, cerebral photobiomodulation, 

heart–brain biofeedback, and noninvasive vagal stimulation, may raise logistical issues and additional costs in 

wide-scale practical implementation. 

The protocol was clearly defined and standardized, with well-structured and reproducible therapeutic 

sessions, thus facilitating practical implementation. In addition, specific professional training of specialists was 

recommended for the correct and efficient application of the preventive intervention in dedicated centers and 

specialized offices. 

Although these limitations are inherent and natural for a complex and long-term clinical study, the 

proactive measures implemented were rigorous and allowed minimizing and controlling most of the identified 

error factors. The transparent discussion of the study limitations provides the opportunity for improved and more 

extensive future research, further strengthening the validity and clinical relevance of the NeuroLongev preventive 

intervention in modern anticipatory medical practice. Thus, these limitations do not significantly reduce the value 

and impact of the current study, but indicate clear directions for further research and the continued development 

of neurotechnological preventive medicine. 

 

5.5 Recommendations for future research 

The results obtained in the NeuroLongev study provide a solid foundation for further research in the field 

of anticipatory neurotechnological prevention. To strengthen and expand the validity, applicability, and impact 

of this preventive intervention, several specific and clear directions for future studies are recommended. 

1. Expanding sample diversity 

Future research should include more socio-demographic, cultural, and geographically diverse samples. 

These additional studies can explore the applicability of the NeuroLongev protocol in different populations, such 

as adults with a more sedentary lifestyle, people from rural areas, or populations at increased risk of early 

cognitive and autonomic decline, thereby increasing the generalizability of the intervention. 

2. Evaluation of very long-term effects (Extended follow-up) 

Although the intervention was monitored for 24 months, future research should include extended follow-

up periods (5–10 years). Thus, additional research will be able to validate the very long-term persistence of the 

effects obtained and clarify the ongoing evolution of anticipatory neurophysiological, autonomic, and emotional 

parameters after the intervention. 

3. Inclusion of additional biological markers 

To further understand the physiological mechanisms involved in the NeuroLongev intervention, future 

research should include further evaluation of specific biological markers such as salivary cortisol, inflammatory 

markers (IL-6, CRP), brain-derived neurotrophic factor (BDNF), and other biomarkers relevant to stress, 

inflammation, and neuroplasticity. This will complete the picture of the biological mechanisms involved and add 

further clinical and biological validity to the preventive intervention. 

4. Comparing multimodal intervention with single interventions 

Future research may evaluate the comparative effectiveness of the NeuroLongev multimodal intervention 

versus single neurotechnological interventions (EEG neurofeedback only, photobiomodulation only, biofeedback 

only, or vagal stimulation). These direct comparisons may clarify the specific advantages and synergistic benefits 

of the multimodal approach, providing additional solid evidence for its recommendation as the best standard in 

preventive practice. 

5. Cost-effectiveness and scalability analysis in clinical practice 

Further studies should include detailed analyses of the cost-effectiveness and scalability of the 

NeuroLongev intervention in clinical and public settings. Careful assessment of the cost-benefit ratio and potential 

for large-scale implementation will support the adoption of the protocol in preventive public health policies and 

specialized clinics, facilitating the broad practical integration of the validated preventive intervention. 

6. Further research on the effect of the intervention on quality of life and psychological well-being 

Future research should include additional specific assessments of quality of life, personal satisfaction, 

psychological well-being, reduction of subtle symptoms of anxiety or depression, and the overall emotional 

impact of the preventive intervention. Thus, the broader benefits on emotional and psychological health can be 

clearly documented, strengthening the clinical and preventive arguments for implementing the NeuroLongev 
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intervention. 

7. Studies on the interaction of the protocol with other preventive factors (nutrition, physical 

exercise) 

Further research may explore the interaction and synergies between the multimodal neurotechnology 

intervention and other factors known for their preventive effects (such as optimized nutrition, regular exercise, 

quality sleep). These studies may highlight how the NeuroLongev intervention can be optimally integrated into a 

broader context of holistic and anticipatory preventive health. 

8. Longitudinal research on structural neuroplasticity 

Future research may use advanced imaging methods (structural and functional MRI, DTI) to explore how 

the NeuroLongev intervention influences long-term structural and functional neuroplasticity. This will 

complement current qEEG assessments, providing additional clear data on the concrete structural and network 

effects of the preventive intervention. 

9. Development of additional personalized protocols (personalized neurofeedback and advanced 

biofeedback) 

Future studies should explore the potential for developing advanced neurofeedback and heart–brain 

biofeedback protocols tailored to the individual neurophysiological and autonomic profiles of participants. This 

personalized approach could maximize preventive benefits and contribute to the development of highly effective 

and precise interventions. 

These clear directions for further research provide a solid and rigorous basis for expanding and deepening 

preventive neurotechnological interventions in modern anticipatory medicine. Implementation of these 

suggestions will significantly strengthen the scientific and clinical foundation of the NeuroLongev protocol and 

facilitate the broad, validated, and reproducible integration of this preventive intervention into clinical and public 

health practice. Thus, further studies will contribute to the continued development of preventive neuroscience and 

to the promotion of healthy longevity and an optimal quality of life in the working adult population. 

6. Conclusion 

The NeuroLongev clinical trial firmly and convincingly demonstrates the effectiveness of multimodal 

neurotechnological intervention in the anticipatory prevention of subtle cognitive, emotional and physiological 

decline associated with aging and chronic daily stress. The results obtained are solid, rigorous and coherent, 

clearly confirming the initial hypotheses regarding the intervention's ability to induce significant, measurable and 

stable long-term neurophysiological and autonomic changes. 

More specifically, the intervention produced significant increases in neuronal activity and connectivity in 

specific cortical areas (BA6, BA11, BA22, BA31, BA39), essential for maintaining optimal cognitive and 

emotional functioning. The robust improvements in the absolute power of the Alpha, SMR and Gamma bands, as 

well as in Alpha and Beta neural coherence, confirm that the implemented neurotechnological protocol not only 

stabilizes, but also proactively optimizes cortical activity, providing an anticipatory neurophysiological basis for 

cognitive and emotional longevity. 

Similarly, the intervention generated clear and stable changes in autonomic parameters (HRV), 

measurable by significant increases in RMSSD and SDNN, as well as by a reduction in the LF/HF ratio. These 

changes indicate the optimization of anticipatory autonomic balance, reflecting a superior capacity to adapt to 

stress and increased physiological resilience. In addition, the strong reduction in physiological stress measured 

by the GP8 score and the considerable improvement in cardiac coherence further validate the ability of the 

intervention to positively and sustainably influence the autonomic and emotional mechanisms involved in the 

anticipatory stress response. 

The cumulative and sustainable effects observed over the 24 months of the intervention confirm the 

durable and stable nature of the induced neuroplastic and autonomic changes, far exceeding the potential transient 

effects observed in shorter or isolated interventions. The significant magnitude of the effects obtained, clearly 

reflected in the large statistical effect size (Cohen's d > 0.80), robustly underlines the clinical validity and 

relevance of the NeuroLongev preventive intervention. 

Thus, we conclude that the anticipatory multimodal neurotechnological intervention developed in this 

study offers a concrete, effective and measurable clinical solution for the subtle prevention of early cognitive and 

autonomic decline, contributing directly and significantly to maintaining an active, healthy and balanced life in 

the long term. These results represent clear and rigorous evidence for recommending the NeuroLongev 
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intervention as a validated and effective standard in modern preventive medicine, especially for the active adult 

population, aware and actively concerned about healthy longevity and anticipatory quality of life. 

 

Clear contribution to the development of modern preventive and predictive medicine 

The NeuroLongev study makes a significant and clear contribution to the field of modern preventive and 

predictive medicine by providing a solid and validated scientific basis for the use of multimodal 

neurotechnological interventions in the anticipatory prevention of subtle cognitive and physiological decline 

associated with aging. By uniquely and rigorously combining innovative methods such as EEG neurofeedback, 

cerebral photobiomodulation, heart-brain biofeedback and non-invasive vagal stimulation, this research goes 

beyond traditional approaches, directly contributing to the development of preventive strategies with scientifically 

proven effectiveness and major clinical relevance. 

In the current context of predictive preventive medicine (P4 Medicine: predictive, preventive, 

personalized, participatory), the results obtained clearly validate the applicability of an anticipatory model, 

grounded in neuroscience, that allows for early and measurable intervention on key parameters of cognitive, 

emotional and physiological health. This proactive approach demonstrates the ability to identify and intervene on 

subtle vulnerabilities before they become clinical, marking a substantial progress in the paradigm of modern 

preventive medicine. 

Through the robust and rigorous results provided, the NeuroLongev study offers the scientific and clinical 

community a clear and validated tool, which can be directly and effectively integrated into preventive medical 

practice. Thus, the research significantly contributes to strengthening the theoretical and clinical basis of 

neurotechnological preventive interventions, opening new perspectives for the development of integrated 

approaches, which will meet the current and future needs of a healthy adult population, informed and actively 

concerned with optimizing longevity and anticipatory quality of life. 

In conclusion, the clear and substantial contribution of the NeuroLongev study consists in the rigorous 

substantiation, empirical validation and consolidation of the clinical applicability of modern predictive preventive 

medicine, thus representing a significant step forward in the anticipatory, personalized and scientifically 

substantiated approach to healthy longevity and preventive optimization of long-term health. 

 

Direct and practical applicability of the results in clinical and community contexts 

The results of the NeuroLongev study have a direct and immediate applicability in the current clinical 

context, providing healthcare professionals with a validated, concrete and reproducible tool for the anticipatory 

prevention of early cognitive and autonomic decline. Due to the clarity and robustness of the results obtained, the 

protocol can be quickly and efficiently integrated into the routine clinical practice of general practitioners, 

neurologists, cardiologists, clinical psychologists and neurofeedback therapists, significantly contributing to 

improving the quality of preventive care. 

In a clinical context, the NeuroLongev intervention can be practically applied in specialized preventive 

neuroscience clinics, neurofeedback offices, cognitive recovery and optimization centers, and preventive 

medicine centers, responding to a real and urgent need for effective and scientifically validated preventive 

solutions in the management of anticipatory cognitive, emotional, and autonomic health. In this sense, the results 

provide a solid basis for the development of clearly structured, standardized, and effective intervention and 

prevention programs that are easily adopted and applied in daily practice. 

At the community level, the study results provide clear opportunities for the development of preventive 

and proactive public health strategies. Widespread implementation of the NeuroLongev protocol can directly 

contribute to improving overall population health by proactively preventing subtle conditions associated with 

chronic stress and premature aging. The intervention also has the potential to become a key component of health 

education and promotion campaigns, encouraging the active adult population to adopt early, neuroscience-based 

preventive measures to optimize longevity and maintain a superior quality of life. 

Thus, the results of the NeuroLongev study go beyond the strictly scientific and clinical framework, 

offering the community and health decision-makers a practical, concrete and validated model for the anticipatory 

prevention of subtle cognitive and physiological decline. The direct and broad application of this preventive 

protocol in clinical and community contexts has the real potential to transform the approach to preventive health, 

contributing decisively to the development of a healthier, more resilient adult population with a higher quality of 

life, thus anticipating current and future demographic and social challenges. 
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7. Ethical considerations and data protection 

Compliance with international ethical standards (Declaration of Helsinki) 

The NeuroLongev clinical trial was conducted in strict accordance with international ethical standards 

established by the World Medical Association (WMA) Declaration of Helsinki, which governs and establishes 

clear rules for the conduct of biomedical research involving human subjects. Throughout the study, the 

fundamental principles described in the Declaration of Helsinki were rigorously applied, including full respect 

for human dignity, ensuring the personal integrity and autonomy of participants, protecting their rights and 

interests, and conducting interventions only when the anticipated benefits significantly outweigh the potential 

risks. 

In accordance with these ethical principles, the research was evaluated, approved and constantly 

monitored by an Independent Ethics Committee, authorized to supervise and validate the ethical and moral 

correctness of the entire process. The Committee carefully verified the scientific and ethical justification of the 

study, the clarity of the intervention protocol, the quality of the information provided to the participants and the 

measures adopted to protect their health and rights throughout the research. 

At the same time, participants were selected based on clear and rigorous criteria, which guaranteed the 

fairness and correctness of the recruitment process. Special attention was paid to ensuring that participants were 

informed in detail and correctly about the objectives and procedures of the study, the anticipated benefits, the 

possible risks and the measures taken to manage them. Participants were also clearly informed about their right 

to withdraw from the study at any time, without suffering negative consequences. 

Thus, the NeuroLongev study fully complied with international ethical standards, ensuring transparent, 

accountable and closely monitored conduct, in direct and full compliance with the strict ethical requirements 

defined by the Declaration of Helsinki. This rigorous approach guarantees the ethical validity of the research and 

the full protection of the rights and interests of all participants involved. 

 

Rigorous and clear informed consent procedure 

The informed consent procedure used in the NeuroLongev study was developed and implemented 

according to current international standards and best practices in biomedical clinical research. Participants were 

fully and clearly informed about all relevant aspects of the study before accepting participation, respecting the 

ethical principles of autonomy, clarity, transparency and confidentiality. The process of obtaining informed 

consent included: 

 Detailed information: Each participant received detailed information about the purpose of the study, 

the procedures involved, the types and duration of the intervention, the assessments performed, the 

anticipated benefits, and the potential risks associated with participation. 

 Verbal clarification: Trained specialists verbally presented and explained each element of the study, 
ensuring that participants fully understood all information provided. The opportunity was provided to 

ask questions and receive clear and complete answers before signing the consent. 

 Decision-making autonomy: Participants were explicitly informed that their participation was 
voluntary and that they had the right to withdraw at any time, without further justification and without 

suffering negative consequences. 

 Written documentation: All relevant information was included in a clearly written document, signed 
by each participant, explicitly confirming their informed consent to participate. 

 Periodic review of consent: During the 24 months of the intervention, participants were periodically 

informed and checked regarding the continuation of their informed consent. 

 

Strict protection of personal data according to GDPR 

The NeuroLongev study fully and rigorously complied with the provisions of the General Data Protection 

Regulation (GDPR – EU Regulation 2016/679). Clear, robust and transparent procedures were implemented to 

ensure the security, confidentiality and integrity of all personal data collected from participants throughout the 

research. More specifically, the protection of personal data included the following strict measures: 

 Anonymization and pseudonymization of data:All personal data of the participants were 
pseudonymized by assigning a unique numerical code to each participant. Thus, names and direct 

identification data were completely separated from clinical and neurophysiological data, strictly 
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limiting the possibility of personal identification in the database. 

 Secure data storage:Personal and clinical data were stored exclusively on secure and encrypted servers, 

with access limited to authorized study investigators on a need-to-know basis. Technical security 

measures included data encryption, advanced firewalls, and access protected by two-factor 

authentication. 

 Strict access control:Access to personal data was strictly limited and constantly monitored. Only the 
principal investigators and authorized personnel directly responsible for the analysis were allowed to 

access this data, having previously signed clear and binding confidentiality agreements. 

 Explicit consent for data processing:Participants were informed in a transparent and explicit manner 
about the nature, purpose and duration of the processing of their personal data, as well as about their 

rights under the GDPR, including the right to access, rectify, delete and restrict data. Each participant 

provided explicit and written consent for the collection and processing of personal data for the specific 

purpose of the study. 

 Periodic compliance monitoring:Compliance with GDPR requirements was verified and audited 

periodically throughout the study, to ensure that all procedures and measures adopted remain adequate 

and effective in strictly protecting personal data. 

By implementing these rigorous and clear measures, the NeuroLongev study ensures full compliance with 

the provisions of the GDPR, offering participants the guarantee that their personal data is managed with maximum 

responsibility and confidentiality. This approach directly contributes to participant trust and the ethical and 

scientific integrity of all preventive neurotechnology research. 
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