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Abstract

Mitochondrial dysfunction is a central driver of aging, impacting many different diseases associated with aging, including 
neurodegenerative diseases, cardiovascular disease, metabolic disease, and may contribute to an over all decline in cellular 
resilience. Because mitochondrial ATP production is fundamentally an electrical and redox-driven process, factors that influence 
whole-body electrical balance may play a previously under-appreciated role in mitochondrial health. Grounding (also termed 
earthing), defined as direct conductive contact between the human body and the Earth, has been shown to influence inflammation, 
blood rheology, autonomic nervous system regulation, cortisol and circadian rhythms, and—more recently—mitochondrial ATP 
production and reactive oxygen species (ROS) generation. This review synthesizes current experimental, physiological, and 
clinical evidence to propose a mechanistic framework by which grounding may provide electrical support to mitochondrial 
function, enhance ATP production, and protect mitochondrial integrity across the lifespan.
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Introduction

Mitochondria are electrochemical organelles whose primary 
function—ATP synthesis—depends on controlled electron flow, 
membrane potential regulation, and redox balance. Age-related 
mitochondrial decline is characterized by reduced ATP output, 
increased ROS production, impaired mitophagy, and cumulative 
damage to mitochondrial DNA and membranes. This gives rise 
over a lifetime to an increase in inflammatory and age related 
degenerative conditions that may be in part influenced by 
mitochondria dysfunction, including neurodegenerative diseases 
[1] cardiovascular diseases [2] metabolic disorders [3] skin aging [4] 
and an over all accelerated biological age [5,6]. While nutritional, 
hormonal, and genetic influences on mitochondrial health are well 
studied, bioelectrical influences remain comparatively under-
explored.

The surface of the Earth maintains a stable negative electric 
potential and functions as a vast reservoir of mobile electrons in 
a global electrical circuit [8]. Grounding the human body allows 
charge equilibration between the body and Earth, influencing 
physiological electrical balance and resulting in a wide variety 
of anti-aging health benefits [9]. Emerging evidence suggests 
that this conductive connection may have downstream effects on 
inflammation, circulation, stress physiology, and mitochondrial 
function, which would provide lifetime benefit to the function of 
the human body. This review examines the different mechanisms 
of action that grounding may potentially support mitochondrial 
bioenergetics and offer long-term mitochondrial protection.

Mitochondria as Electrical Systems

ATP synthesis within mitochondria is driven by electron transport 
through the respiratory chain, generating a proton gradient across 
the inner mitochondrial membrane. Disruptions in electron flow 
increase electron leak, producing superoxide and downstream 
ROS. Over time, oxidative damage to electron transport chain 
(ETC) complexes, cardiolipin, and mtDNA contributes to declining 
mitochondrial efficiency.
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Because mitochondrial performance is tightly coupled to redox 
status, any intervention capable of stabilizing electron availability 
or reducing excess oxidative charge may favor ATP production 
while limiting damage accumulation. Over a lifetime, improved 
mitochondrial efficiency with less oxidative stress across repeated 
metabolic cycles, via grounding, may provide cumulative health 
benefits and increase the well-span of individuals. 

Grounding and Potential Mitochondrial Effects

Redox Stabilization

The most recent and most direct experimental evidence 
linking grounding to mitochondrial function was a 2025 study 
demonstrating that mitochondria exposed to grounded conditions 
produced significantly more ATP (a 5 - 11% boost in ATP 
production) while generating about 22 - 33% less ROS compared 
with ungrounded controls [10]. Grounded mitochondria also 
exhibited a modest reduction in membrane potential of about 
5 - 6%, consistent with reduced oxidative stress and improved 
electron flow efficiency.

Grounding may allow electrons from the Earth to enter the 
body and participate in redox buffering. Reactive oxygen and 
nitrogen species are electron-deficient molecules that propagate 
inflammatory and oxidative signaling. Supplemental electrons 
may neutralize these species, reducing oxidative pressure on 
mitochondria.

These findings suggest that grounding may reduce ROS formation, 
thereby improving oxidative phosphorylation efficiency and 
providing ongoing protection to the mitochondria against daily 
oxidative stress. Over time, reduced oxidative burden may protect 
mitochondrial membranes, proteins, and mtDNA from cumulative 
damage, preserving respiratory capacity.

Improved circulation and oxygen delivery

Multiple medical studies have demonstrated that grounding 
increases red blood cell (RBC) surface charge (zeta potential), 
reducing RBC aggregation and decreasing blood viscosity [11,12]. 
This improved rheology visibly enhances microcirculatory flow 
through tissue capillaries [13,14] improving tissue oxygenation, as 
well as reducing high blood pressure by about 22% [15].

Because mitochondrial ATP synthesis is oxygen-dependent, 
improved capillary perfusion may reduce hypoxia-reperfusion 
stress, a potent inducer of mitochondrial ROS and dysfunction. 
Boosted circulation and oxygen delivery may be one of the primary 
mechanisms of action behind the protective health benefits of 
grounding to mitochondrial function, reducing low grade ischemic 
stressors to the mitochondria, especially in high oxygen demand 
organs such as the heart, brain, and muscle.

Decreased Inflammation

Chronic inflammation suppresses mitochondrial oxidative 
phosphorylation and increases ROS production. Multiple 
grounding studies report reduced inflammatory markers, such 
as a near 60% drop in C-reactive protein levels [16] and up to a 
20% reduction in inflammatory cytokines as a result of grounding 
interventions [17] all leading to wounds healing up to three times 
faster [18] and attenuated inflammatory responses following injury 
or exercise [19] with faster muscle recovery following exhaustive 
exertion [20].

By reducing inflammatory amplification loops, grounding may 
indirectly protect mitochondrial structure and function, particularly 
in aging tissues where low-grade inflammation (“inflammaging”) 
is driving the aging process [21].

Improved Autonomic Regulation

Grounding has been found to significantly improve heart rate 
variability [22-24] reflecting enhanced parasympathetic (vagal) 
tone, decreased neurogenic stress [25] and enhancing psychological 
resiliency to stress as well [26,27]. Chronic sympathetic activation 
increases oxidative stress, impairs mitochondrial repair pathways, 
and disrupts metabolic efficiency.

Because sympathetic dominance increases oxidative burden 
and disrupts mitochondrial repair, by improving autonomic 
balance, grounding the human body may create a physiological 
environment that is more conducive to mitochondrial maintenance 
and ATP efficiency.

Circadian Rhythm Normalization

Mitochondrial biogenesis, fission–fusion dynamics, and mitophagy 
are all under circadian control. Grounding during sleep has been 
shown to reduce nighttime cortisol and normalize diurnal cortisol 
rhythms [28]. The earth helps to set and regulate the internal 
biological clock through improving the cortisol awakening 
response as well as lowering cortisol through the night, helping to 
maintain a stable 24 hour biological rhythm [29].

Because sleep and circadian signaling regulate mitochondrial 
health, the lower nocturnal cortisol that grounding provides may 
enhance the sleep-dependent portion of the mitochondrial repair 
process and directly support long-term mitochondrial resilience.

Exercise Recovery

Eccentric exercise induces mitochondrial ROS and muscle 
damage. Grounding has been associated with reduced muscle 
damage markers, such as significantly lowered creatine kinase 
levels when pushing muscles to exertion while grounded [30], 
as well as dramatically improving recovery kinetics, decreasing 
post-exertion soreness when using grounding for during recovery 
[31-33].
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By limiting repeated post-exertional inflammatory and oxidative surges, grounding may preserve mitochondrial capacity in physically 
active individuals over time, slowing down musculoskeletal aging [34].

Figure 1: Bioelectrical Pathways Grounding May Protect Mitochondrial Function.

This model demonstrates how small, repeated electrical influences on several different bioelectrical levels may accumulate into 
meaningful mitochondrial protection across the lifespan.
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Conclusion

Grounding represents a novel, low-risk, accessible and easy 
to implement intervention that may influence mitochondrial 
bioenergetics through redox, circulatory, inflammatory, autonomic, 
and circadian pathways [35-38]. While additional medical studies 
are needed, existing evidence supports the plausibility that 
conductive contact with the Earth may enhance ATP production 
and protect mitochondrial function over time. Given the central 
role of mitochondrial decline in aging and chronic disease, 
grounding warrants further investigation within the emerging field 
of conductive medicine.
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