
This article is originally published by ProBiologists, and is freely available at probiologists.com

J Biomed Res. 2026;7(1):60-66. 60

Commentary

Jacob DE, et al., J Biomed Res. 
2026;7(1):60-66.Journal of Biomed Research

Green exercise as neurological infrastructure: 
The synergistic role of park-based activity 
in brain-derived neurotrophic factor (BDNF) 
regulation and cognitive longevity
 
 
Daniel Etim Jacob1,*, Imaobong Daniel Jacob1,2, Koko Sunday Daniel1, Enobong Ubong Okoko3

1Forestry and Wildlife Department, 
University of Uyo, Uyo 520101, Nigeria

2Department of Forestry and Wildlife 
Technology, Federal University of 
Technology Owerri, Owerri 460113, 
Nigeria

3Department of Human Kinetics and 
Health Education, University of Uyo, 
Uyo 520101, Nigeria

*Author for correspondence: Email: 
danieljacob@uniuyo.edu.ng

Received date: March 26, 2026 
Accepted date: April 17, 2026

Copyright: © 2026 Jacob DE, et al. This 
is an open-access article distributed 
under the terms of the Creative 
Commons Attribution License, which 
permits unrestricted use, distribution, 
and reproduction in any medium, 
provided the original author and 
source are credited.

Introduction

Modern cities are currently facing a quiet but serious crisis: we are living in a way that our brains 
were not built for. As more people move into paved-over urban areas and spend their days in front 
of screens, we are seeing a sharp rise in memory loss, dementia, and severe mental fatigue [1,2]. For 
years, doctors and public health officials have told us that the best way to protect our brains is simply 
to exercise. We know that physical activity releases a vital protein called Brain-Derived Neurotrophic 
Factor (BDNF), which acts like a fertilizer for the brain, helping it grow new cells and stay sharp [3]. 
However, we are starting to realize that where we exercise might be just as important as how much 
we move.

Most current health advice treats a gym or a city street as a perfectly fine place to get active. But 
these environments are often loud, crowded, and full of stressful hard distractions. This is a significant 
problem because stress produces cortisol, a hormone that actually blocks the brain-building benefits 
of BDNF [4]. Therefore, if you are stressed while you run on a treadmill, you are essentially hitting 
the gas and the brake at the same time. You get the physical fitness, but you miss out on the full 
neurological upgrade [5,6].
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stressful urban environment could be liken to someone trying to 
water a plant while another person is holding a lid over the pot. You 
may be putting in the physical effort, but the neurological soak-in is 
being blocked by the very air you are breathing [16].

The synergy unlocking the brain

This is where the role of PAs becomes a medical necessity. Natural 
environments provide two specific keys that unlock the brain’s 
potential, namely the phytoncides and fractals. Phytoncides are 
organic antimicrobial compounds (like α-pinene and limonene) 
released by trees to protect themselves from insects. When humans 
breathe in these compounds during a park-based walk, they trigger 
a significant and rapid reduction in serum cortisol levels [17]. 
Simultaneously, the visual environment of a park is filled with 
fractals or complex, repeating patterns found in clouds, leaves, and 
branches. The human eye is evolved to process these patterns with 
very little effort, a state known as soft fascination [18]. This visual 
ease further signals the brain to lower its guard, shifting the body 
from a fight-or-flight state into a rest-and-digest state.

By lowering cortisol, these natural elements effectively remove 
the lid from the hippocampal pot. When you exercise in a park, 
the irisin produced by your muscles arrives at a hippocampus 
that is chemically receptive rather than defensive. This creates the 
Synergistic BDNF Pathway as the environment lowers the inhibitors 
(cortisol), while the exercise raises the stimulators (irisin). The result 
is a massive, unimpeded spike in BDNF that simply cannot be 
replicated in a sterile indoor environment [19,20]. This biochemical 
green multiplier effect is illustrated in Figure 1, which maps the 
dual-input pathway of muscle-led activation and environment-
led suppression. A further, granular breakdown of these shifting 
biomarkers ranging from irisin transport to the attenuation of 
oxidative stress is provided in Table 1, comparing the physiological 
profile of a gym session against a park-based workout.

Sensory Complexity and Spatial Mapping

While the molecular benefits of exercise are clear, the cognitive 
impact is heavily influenced by the data our brains process during 
movement. This section examines how the sheer complexity of a 
natural environment acts as a cognitive stimulant, forcing the brain 
to engage in high-level mapping and restoration that a controlled, 
indoor environment simply cannot provide.

Sensory deprivation and complexity

Most modern exercise equipment is designed for comfort and 
safety, which inadvertently leads to sensory deprivation. When a 
person runs on a treadmill or uses a stationary bike, the visual field 
is often fixed on a screen or a blank wall, and the physical surface is 
perfectly flat and predictable [21]. In this setting, the brain enters 
a state of autopilot. Because there are no obstacles to avoid and 
no new information to process, the neural circuits responsible for 
spatial awareness and sensory integration remain largely dormant. 
In contrast, a trail within a PA offers sensory complexity. Every step 
requires the brain to process a massive stream of information such as 
the changing light filtering through leaves, the sound of wind or water, 
and the varying textures of the ground [22]. This is not just scenery; 
it is raw data that the brain must interpret in real-time. Research 
suggests that this richness of input is a key driver of cognitive health. 
When the brain is challenged by a complex environment, it remains 
plastic, meaning it stays capable of reorganizing itself and forming 

To fix this, we must understand the role of Irisin, a messenger 
released by our muscles during movement. When we are in a calm, 
natural setting, Irisin can more effectively trigger the production of 
BDNF in the hippocampus [7]. This paper argues that we need to 
stop looking at parks and forests as mere nice-to-have spots for a 
weekend stroll. Instead, we should view these Protected Areas (PAs) 
as essential medical infrastructure. When we exercise in nature, our 
bodies respond differently. The natural patterns of trees, the clean air, 
and the absence of city noise lower our stress levels almost instantly 

[8,9]. This clears the path for the brain to soak up the benefits of 
exercise, a process we call the green multiplier effect.

We are approaching what some call the dementia cliff, a point 
where the cost of caring for an ageing population with failing 
memories will overwhelm our healthcare systems [10], hence, we can 
no longer afford to treat nature as a luxury. To protect our collective 
long-term health, we must integrate our environmental and health 
policies. Protecting our wild spaces is the most cost-effective way to 
protect the human mind.

The Synergistic BDNF Pathway

To understand why a park provides a superior neurological 
dividend compared to a gym, we must look at the biochemical 
conversation between our muscles and our brain. This section 
explores the green multiplier effect, a biological synergy where the 
natural environment removes the chemical barriers that usually limit 
the brain’s ability to grow and repair itself during exercise.

The irisin-BDNF axis

The primary driver of exercise-induced brain health is a newly 
discovered pathway involving a protein called Irisin (encoded by the 
FNDC5 gene). When we engage in aerobic activity such as walking, 
running, or cycling, our skeletal muscles contract and secrete irisin 
into the bloodstream [11]. For decades, scientists have wondered 
how physical movement in the legs could improve memory in 
the head; we now know that irisin is the missing link. It has the 
unique ability to cross the blood-brain barrier, where it targets the 
hippocampus which is the brain’s command center for learning 
and memory [12]. Once inside the hippocampus, it triggers the 
expression of BDNF. BDNF is often described by neuroscientists as 
miracle-gro for the brain because it supports the survival of existing 
neurons and encourages the growth of new ones, a process known as 
neurogenesis [13]. Without sufficient BDNF, the brain struggles to 
repair the daily wear and tear caused by ageing and stress. While any 
form of exercise can spark this pathway, the efficiency of this spark is 
heavily dictated by the surrounding environment.

The cortisol constraint

The novelty of this argument lies in what we call the cortisol 
constraint. In many modern exercise settings, such as high-decibel 
gyms or busy urban roadsides, the body is subjected to hard sensory 
stimuli such as loud music, clashing machinery, and the constant 
need to watch for traffic. These stressors activate the sympathetic 
nervous system, leading to elevated levels of cortisol, the body’s 
primary stress hormone [14]. In a clinical sense, cortisol is the 
molecular antagonist to BDNF. High levels of circulating cortisol 
have been shown to actively suppress the expression of BDNF in 
the hippocampus [15]. This creates a physiological conflict because, 
while your muscles are releasing irisin to grow the brain, your 
environment is releasing cortisol to shield it. Thus, exercising in a 
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new connections. By moving exercise from the gym to the park, we 
move from a state of mental stagnation to one of active engagement 

[23]. The specific differences in sensory input, from acoustic load 
to visual fascination, are contrasted in Table 2, highlighting how 
natural environments reduce the hard focus that leads to mental 
fatigue.

Proprioceptive challenge and hippocampal mapping

One of the most significant differences between indoor and 
outdoor activity is the proprioceptive challenge. Proprioception 
is the body’s ability to sense its position and movement in space. 
Navigating a natural trail involves stepping over roots, balancing 
on loose stones, and adjusting to inclines. This requires constant 

Figure 1. The dual-input pathway of irisin and cortisol suppression meeting in the hippocampus.

 
Figure 1: The Dual-Input Pathway of Irisin and Cortisol Suppression Meeting in the 
Hippocampus 
 
 

 
Figure 2: Schematic omparison of Hippocampal Activation during Indoor and Park-
Based Movement 
 

 
Figure 3: The Dementia Cliff Mitigation Graph 

Domain Biomarker / Mechanism Indoor (Gym) Environment Park-Based Environment Green Multiplier Result

Neurochemistry BDNF Expression Standard increase via 
exertion.

Enhanced via cortisol 
suppression.

Accelerated hippocampal 
neuroplasticity.

β-Endorphins Sharp peak, often followed 
by crash.

Sustained release due to 
sensory pleasure.

Prolonged post-exercise 
mood lift.

Dopamine Tone Reward-driven (goal-
oriented).

Restorative (process-
oriented).

Combats digital brain fatigue.

Endocrine Serum Cortisol Often remains high (noise/
crowds).

Significant Drop (via 
phytoncides).

Removes the block on brain 
repair.

Adrenaline (Epi) High Fight/Flight spikes. Regulated nervous system 
balance.

Lowered cardiovascular 
strain.

Irisin (FNDC5) Standard production from 
muscle.

Optimized transport across 
the BBB.

Maximized muscle-to-brain 
cross-talk.

Biomechanics Proprioceptive Input Low (Static, flat surfaces). High (Stochastic, uneven 
terrain).

Intense cerebellar 
stimulation.

Kinetic Variability Repetitive motion (High joint 
wear).

Varied gait (Distributes load). Reduced repetitive strain 
injury.

Oxygen Saturation Sub-optimal (Recirculated 
air).

Optimal (High O2 + 
Phytoncides).

Improved mitochondrial 
efficiency.

Cellular Oxidative Stress Standard metabolic waste. Attenuated by natural 
antioxidants.

Faster neural recovery post-
exertion.

Autophagy Standard cellular cleanup. Upregulated via lowered 
stress.

Enhanced removal of brain 
waste.

Table 1. A comparative analysis of physiological markers during indoor vs. park-based physical activity.
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communication between the skeletal muscles, the cerebellum, and 
the hippocampus [24]. Recent studies in neuro-urbanism show that 
navigating uneven natural terrain requires the brain to perform 
spatial mapping [25]. The hippocampus is not just a memory center; 
it is also our internal global positioning system (GPS). Every time 
we encounter an unpredictable path, the hippocampus must create 
a new spatial map to help us navigate safely. This active mapping is 
a direct trigger for neurogenesis. This implies that the brain treats 
the challenge of a forest path as a reason to grow more cells. On a 
treadmill, this mapping is unnecessary, so the brain does not receive 
the same signal to expand its capacity [26].

As shown in Figure 2, brain scans of individuals walking on 
natural trails show significantly higher activation in the posterior 
hippocampus compared to those walking on flat city pavements or 
treadmills. This suggests that the difficulty of nature is actually its 
greatest benefit. By forcing the brain to solve the physical puzzle of 
a trail, we are effectively training the very parts of the brain that are 
most vulnerable to ageing and dementia [27]. This heightened neural 
demand as captured in Figure 2, schematizes the significant increase 
in hippocampal and cerebellar activation during outdoor movement. 
The long-term clinical outcomes of this sustained activation, such 
as improved executive function and sleep quality, are summarized 
in Table 3.

Attention Restoration Theory (ART) and executive function

Beyond the physical challenge, parks provide a unique form of 
mental recovery through what is known as Attention Restoration 
Theory (ART). In our daily lives, we rely on directed attention or 
the intense, tiring focus needed to handle emails, traffic, and screens. 
This type of attention is a finite resource, and when it runs out, we 
experience brain fog, irritability, and poor decision-making [28]. 
Natural environments offer an antidote called soft fascination. The 
movement of clouds, the rustle of leaves, or the patterns of water 
capture our attention effortlessly. Unlike a flashing phone screen, 
these stimuli do not demand a response, they allow the brain’s 
directed attention circuits to rest and recharge [29]. This is why 
people often feel they can think more clearly after a walk in the 
woods.

When we combine exercise with this restorative environment, the 
results for executive function are profound. The brain is not only 
being fed by the BDNF produced by the muscles, but it is also being 
rested by the surroundings. This dual action allows for much better 
executive function such as the ability to plan, focus, and multitask 
following the activity [30]. For a city worker, a 30-minute run in a 
park is therefore twice as valuable as a 30-minute run in a gym, since 
one simply tires the body, while the other repairs the mind [31].

Table 2. Sensory complexity and cognitive load.

Feature Treadmill / Indoor Track Natural Trail / Protected Area Cognitive Impact

Visual Input Static or Digital (Hard Focus) Fractal Patterns (Soft Fascination) Repairs Directed Attention Fatigue.

Proprioception Low (Predictable surface) High (Stochastic terrain) Stimulates Cerebellum and Motor Cortex.

Spatial Navigation Minimal / Not required High (Active Mapping) Increases volume in the Hippocampus.

Acoustic Environment High-Decibel (Machinery/Music) Low-Decibel (Natural sounds) Lowers sympathetic nervous system load.

Mental State Often distracted or zoned out Mindful and Engaged Promotes neural plasticity and awareness.

Figure 2. Schematic comparison of hippocampal activation during indoor and park-based movement.
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The Return on Investment (ROI) of Neuro-Preservation

As we look toward the middle of the 21st century, the health of 
the human brain is no longer just a medical concern, rather, it is 
a primary economic one. This section therefore moves from the 
individual’s hippocampus to the national balance sheet, arguing 
that protected natural spaces are the most valuable biological assets a 
modern government can possess.

The dementia cliff and the cost of decline

Global healthcare systems are currently approaching what 
economists call the Dementia Cliff. As our population ages, the 
number of people living with cognitive decline is projected to triple 
by 2050 [32]. The financial burden of this shift is staggering. We 
measure this impact using Disability-Adjusted Life Years (DALYs), 
a metric that represents the loss of the equivalent of one year of full 
health. Currently, neurodegenerative diseases are among the leading 
causes of DALYs globally, as they require years of intensive, high-cost 
social care and medical intervention [33].

The economic cliff refers to the point where the cost of treating 
these conditions exceeds the tax revenue generated by the working-
active population. In the UK alone, the cost of dementia is already 
estimated at over £25 billion per year, much of which is spent on 
late-stage crisis management rather than prevention [34]. When 
a brain loses its cognitive integrity, the individual loses their 
independence, families lose their caregivers, and the economy loses 

its human capital. By failing to invest in the biological upkeep of 
the brain through preventative measures like green exercise, we are 
effectively allowing a massive portion of our national wealth to 
erode [35].

Green prescriptions as macro-policy

To avoid this collapse, we must move away from expensive, late-
stage pharmaceutical interventions and toward green prescriptions 
as a matter of macro-economic policy. Research consistently shows 
that green exercise which is the combination of physical activity and 
natural settings, is one of the most cost-effective ways to delay the 
onset of dementia symptoms by several years [36]. From a policy 
perspective, the ROI for park-based activity is unparalleled. While a 
new dementia drug might cost thousands of pounds per patient for a 
marginal improvement in symptoms, the cost of maintaining a public 
park is shared across thousands of citizens and provides benefits for 
decades. By integrating health budgets with environmental budgets, 
governments can use parks as natural hospitals. If we can delay the 
clinical onset of Alzheimer’s by even three years through consistent 
green exercise, the savings in social care costs would be measured in 
the billions [37]. This trajectory of neuro-preservation is modelled 
in Figure 3, which visualizes the dementia cliff and the potential to 
shift the national burden of care. To put this in perspective, Table 
4 provides a comparative ROI analysis, demonstrating that green 
infrastructure offers a significantly higher yield per pound spent than 
traditional pharmacological or indoor-only interventions.

Table 3. Clinical phenotypes and cognitive functional shifts.

Clinical Domain Diagnostic Marker Indoor Exercise Outcome Park-Based (Green) 
Outcome

The Neuro-Clinical 
Advantage

Memory and Learning Hippocampal Volume Maintenance / Slow decline Measurable Volume 
Increase

Reversal of age-related 
brain shrinking.

Executive Function Task Switching Tests Standard post-workout 
clarity

Significantly Faster Results Superior clearing of brain 
fog.

Mood Regulation Depression Scales Moderate improvement Deep/Rapid Recovery Stronger antidepressant 
effect via BDNF.

Sleep Quality Deep Sleep Duration Standard physical fatigue Increased Slow-Wave Sleep Better removal of brain 
waste (toxins).

Stress Resilience Heart Rate Variability Transient improvement Sustained Baseline Shift Stronger ability to handle 
daily stress.

Table 4. Comparative ROI of indoor and park-based cognitive health interventions.

Intervention Model Primary Target Estimated DALYs 
Saved

10-Year ROI (per 
£1M)

Evidence Source / Data Origin

Pharmacological Symptom Management Low (Late-stage focus) £1.2M – £1.8M NICE Clinical Guidelines and Pharma R&D 
Reports [34,38]

Indoor Fitness General Physical Health Moderate £3.5M – £4.0M UK Chief Medical Officers' Physical Activity 
Reports [5,39]

Green Infrastructure Neuro-Preservation High (Prevention) £7.0M – £10.5M Public Health England (PHE) and Vivid 
Economics [37,40]

Urban Re-wilding Community Stress High (Broad impact) £5.0M – £8.5M WHO European Centre for Environment 
and Health [1,41]

Policy Strategy Healthcare 
Sustainability

Reduction in Cliff cost Billions in long-term 
savings

The Lancet Commission on Dementia 
Prevention [10,32]
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Universal access and the green equity gap

The final hurdle in using nature as neurological infrastructure 
is the green equity gap. Currently, cognitive health is becoming a 
luxury. Data shows that high-income areas often have 50% more 
canopy cover and better access to protected parks than lower-income 
urban centers [42]. This means that the people who are often at the 
highest risk for chronic stress and cognitive fatigue are the ones with 
the least access to the green multiplier effect. This inequality creates 
a dual burden of disease. Residents in nature-deprived areas suffer 
from higher cortisol levels due to urban noise and pollution, while 
also lacking the spaces required to engage in the BDNF-boosting 
activities discussed in this paper [43]. If we are to combat the 
dementia cliff effectively, cognitive health must be democratized. 
Universal access to high-quality, safe, and biodiverse green spaces 
is a matter of neurological justice. Every citizen, regardless of their 
postcode, requires the same biological hardware to maintain their 
mind. Investing in green infrastructure in underserved urban areas 
is not just an environmental goal, rather it is a vital step in ensuring 
the long-term cognitive resilience of the entire population [44,45].

Conclusion 

This commentary argues that the human brain is not an isolated 
machine, but a biological system that is ecologically dependent. The 
modern cognitive crisis is a direct result of trying to run evolutionary 
software in an artificial, high-stress environment. By understanding 
the synergistic link between physical activity and natural landscapes, 
we can unlock the full potential of the Irisin-BDNF axis. PAs must 
no longer be viewed through the lens of leisure or aesthetics. They are, 
in fact, the essential neurological infrastructure required to maintain 
human intelligence in an urbanizing world. As we face the rising 
economic and social costs of the dementia cliff, the preservation of 
our parks and forests becomes a strategic medical necessity. Therefore, 
we must bridge the gap between environmental conservation and 
public health policy to ensure that cognitive longevity is a right, not 
a luxury. If we lose our wild spaces, we lose the very environments 
that allow our brains to heal, grow, and endure. As we protect the 
planet, we literally protect ourselves too.
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