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Abstract

The global proliferation of plastic materials has led to the widespread presence of micro- and nanoplastics
(MNPs) across environmental and biological systems, raising increasing concerns regarding their potential
implications for human health. While a growing body of literature has investigated the toxicological effects of
MNP exposure, research has largely focused on general populations, with limited attention to physically active
individuals. Athletes represent a distinct physiological subgroup characterized by elevated ventilation rates,
increased metabolic demands, and frequent interaction with synthetic environments, all of which may influence
exposure pathways and biological responses to environmental contaminants.

This article aims to provide a critical synthesis of current evidence on MNP exposure and its potential relevance
to exercise physiology and sports medicine. Drawing on data from environmental science, toxicology, and human
physiology, we examine the principal exposure pathways (inhalation, ingestion, and dermal contact) and discuss
interactions between MNPs and key biological systems involved in athletic performance and recovery, including
the respiratory, gastrointestinal, endocrine, nervous, and musculoskeletal systems. Particular attention is given
to processes such as oxidative stress, inflammation, endocrine disruption and alterations in the gut microbiome,
which may influence exercise adaptation and post-injury recovery.

This work highlights MNP exposure as a potential environmental factor in sports science; however, the
relationships between MNP exposure and performance outcomes remain to be established. Clarifying the
relevance and the underlying mechanisms of these effects will be essential to define their potential health and
performance implications and to guide evidence-based prevention and/or mitigation strategies within athletic
environments.
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Introduction Everest, from Arctic ice cores to human placental tissue,
Plastic is everywhere. Once celebrated as a symbol of microplastic particles have been detected in virtually every
modernity and industrial progress, it has become one of environment studied to date [1]. The sheer omnipresence
the most pervasive and insidious contaminants of our time, of these synthetic fragments, defined as plastic particles
infiltrating every living or non-living material across the smaller than 5 mm in diameter, raises a fundamental and
surface of the Earth and even the stratosphere above it. urgent question: what does chronic, low-level microplastic
From the deepest oceanic trenches to the summit of Mount exposure mean for human health?
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An increasing number of studies are now actively
investigating the connection between plastic pollution and
human health outcomes. Emerging evidence points to a wide
spectrum of potential biological effects, including oxidative
stress, endocrine disruption, systemic inflammation, gut
microbiome dysbiosis, and cytotoxicity, largely attributed to
microplastics themselves as well as to the chemical additives
and environmental contaminants they adsorb and carry
[2]. While much of the research has traditionally focused
on population groups considered inherently vulnerable
(children, pregnant women, occupationally exposed
workers), athletes must equally be regarded as a population
of heightened biological susceptibility. Driven by extreme
physiological demands, chronic training loads, and repeated
exposure to synthetic environments, athletes present a
distinct exposure profile that makes them particularly
sensitive to the effects of microplastic contamination. This
consideration assumes an additional layer of complexity
when extended to paralympic athletes, for whom the concept
of health cannot be confined to conventional biomedical
parameters. In paralympic sport, health is a dynamic and
multidimensional construct: it encompasses the interaction
between pre-existing physical impairment, altered
neuromusculoskeletal homeostasis, modified immune and
autonomic responses and the adaptive capacities that define
physiology of those athletes. Microplastic-related stressors
may therefore exert qualitatively different and potentially
amplified effects in this cohort, whose physiological
baselines and recovery trajectories are distinct from those of
able-bodied athletes.

In the world of sport science and high-performance
medicine, the overarching goal is to help athletes maintain
peak physical condition for as long as possible. Health
is not merely a desirable attribute: it is the fundamental
prerequisite for effective training and competitive
performance [3]. An athlete who is physiologically impaired
cannot train effectively, cannot recover adequately between
sessions, and will inevitably underperform in competition.
The margin between winning and losing at elite level is often
measured in fractions of a second or centimeters; even subtle,
sub-clinical impairments in metabolic efficiency, muscular
function, or immune competence could be decisive. In this
context, environmental factors capable of undermining
biological homeostasis deserve rigorous scientific scrutiny.

Athletes are, paradoxically, among the individuals most
likely to be heavily exposed to environmental microplastics
[4]. Additionally, athletes rely heavily on plastic-intensive
equipment, apparel, and infrastructure: synthetic textiles
shed microfibers during physical activity; sports drinks and
nutritional products are delivered in plastic packaging; and
training environments, from artificial turf to rubberized
tracks, continuously shed polymer particles into the air and
onto skin. Dermal absorption, ingestion via hand-to-mouth
contact, and direct mucosal exposure further may influence
the total body burden.

Against this backdrop, the central question concerns

how microplastic exposure may influence athletes’
health, performance, and injury recovery. The potential
accumulation of synthetic particles within lung parenchyma,
gastrointestinal mucosa, and systemic circulation may
represent an unrecognized environmental variable capable
of interacting with key physiological systems involved in
athletic function. In this context, microplastic-induced
inflammatory responses could theoretically interfere with
anabolic adaptations to training. In addition, endocrine-
disrupting compounds adsorbed onto plastic particles
may affect hormonal signaling pathways involved in
musculoskeletal health and recovery processes, while
alterations in gut microbiota composition induced by
ingestion of microplastics could influence nutrient
absorption and energy availability. These considerations are
supported primarily by experimental and epidemiological
evidence thatis still emerging and not yet directly established
in athletic populations.

Environmental prevalence and distribution
Plasticpollution has emerged as amajor global environmental
challenge, with production increasing dramatically over the
past decades. It has recently been estimated that more than
400 million tons of plastic are produced worldwide each year,
a substantial proportion of which eventually accumulates in
terrestrial and aquatic ecosystems [5]

Oncereleased into the environment, plastic debris undergoes
relentless degradation through several mechanisms, such as
mechanical abrasion, photo-oxidation, ultraviolet radiation
and microbial action, leading to the ubiquitous distribution
of microplastics across all global strata [5].

Those degradation processes generate smaller particles,
commonly classified as microplastics and nanoplastics.
Microplastics (MP) are generally defined as plastic particles
smaller than 5 mm, while nanoplastics (NP) are typically
considered particles with dimensions below 1 um, although
definitions may vary slightly across studies [6-7]. Both
originate either from the fragmentation of larger plastic
debris or from primary sources intentionally manufactured
at small sizes, such as industrial pellets or cosmetic additives.
As fragmentation continues, microplastics can further
degrade into additional nanoplastics, increasing their
mobility in environmental compartments and potentially
their biological reactivity. MP and NP (MNPs) can derive from
a wide range of polymeric materials, including polyethylene
(PE), polypropylene (PP), polystyrene (PS), polyethylene
terephthalate (PET), and polyvinyl chloride (PVC), which
differ in density, chemical composition, and environmental
persistence [8].

Due to their persistence, to their continuous fragmentation
processes and to their high resistance to biodegradation,
these polymers may persist in the environment for
decades or even centuries, progressively fragmenting into
smaller particles. Hence, MNPs can disperse widely across
environmental compartments, including oceans, freshwater
systems, soil, and the atmosphere [9].
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In the marine environment, an estimated five trillion plastic
particles are floating at the ocean surface, with a total mass
of approximately 250,000 tons, while additional large
quantities accumulate in coastal sediments and deep-sea
environments [10]. Rivers play a critical role in transporting
plastic debris from land to the oceans, with global estimates
suggesting that between 0.8 and 2.7 million tons of plastic
enter marine systems annually through riverine inputs
[11]. However, recent evidence indicates that terrestrial
environments may represent an even larger reservoir of MP,
particularly in agricultural soils receiving wastewater sludge
and other plastic-

containing amendments [12]. Furthermore, microplastics
have been detected in atmospheric fallout, including in
remote mountainous regions, demonstrating their capacity
for long-range transport and global dispersal [13].

While airborne microplastics have been detected in both
urban and remote environments, higher concentrations
are generally reported in densely populated and
anthropogenically influenced areas, suggesting that urban
outdoor athletes may experience increased inhalation
exposure [13-14]. This dispersion cannot be considered
static; atmospheric currents and hydrological cycles act as
primary vectors, transporting synthetic fibers and fragments
far from their industrial sources into remote training
environments, including high-altitude regions and open-
water circuits (United Nations Environment Programme,
UNEP 2021) [15].

Indoor environments have also been identified as significant
sources of airborne microfibres, primarily originating
from synthetic textiles and materials such as carpets and
furnishings; however, specific data on sports facilities and
training environments remain limited [16-17]. The potential
contribution of synthetic sportswear to direct microplastic
exposure during physical activity has been suggested
based on known fibre shedding from textiles, although in
vivo evidence in athletic settings is currently lacking [18].
Furthermore, individuals engaged in water-based sports,
such as swimming or open-water activities, may also be
exposed through incidental ingestion of contaminated water;
however, direct evidence in those athletes remains scarce.
Dermal absorption is currently considered a negligible
pathway for MP uptake due to the barrier function of intact
skin, while the potential for NP to penetrate biological
barriers remains an area of ongoing investigation [19-20].
Prolonged contact with fabrics, equipment, mats, and tools
in gyms and on sports fields (including synthetic turf) is a
potential source of contamination for athletes.

Consequently, plastic pollution is increasingly recognized
not only as an environmental issue but also as an emerging
challenge for global public health.

Microplastics exposure pathways and sport-related
pattern
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Due to the extensive environmental detection of plastic
debris, human exposure to microplastics is now considered
widespread and ostensibly unavoidable, occurring through
multiple pathways including ingestion, inhalation, and, to a
lesser extent, dermal contact. MPs have been detected in a
wide range of food and beverage items, including seafood,
drinking water, and salt [21], suggesting that dietary intake
represents a major pathway of exposure, although these
estimates are subject to large amounts of variation [22]. A
balanced nutrition strategy focusing on plant-based diets,
anti-inflammatory foods, and adequate hydration can
positively impact athletes’ recovery and health both during
activity and post-retirement [23].

An additional well-established exposure pathway is
ingestion, with microplastics detected in drinking water,
bottled beverages, and various food products [24]. Given
the increased fluid and caloric intake typical of athletes,
this route may be quantitatively relevant, although it has
not yet been specifically characterised in physically active
populations.

As with all sources of contamination, the risk depends on
where athletes train. Training in open water, on sports fields,
in swimming pools [25], or in a gym exposes individuals
to different risk profiles. Another determinant is whether
athletes train indoors or outdoors. In parallel, airborne
microplastics have been identified in both indoor and
outdoor environments, raising concerns about chronic
inhalation, particularly in urban and highly polluted
areas. Recent studies have also reported the presence of
microplastic particles in human biological samples such as
blood, lung tissue, and placenta, indicating their ability to
enter and potentially translocate within the human body
[26-27-28].

Regarding physically active individuals and athletes,
exposure patterns may differ from the general population due
to sport-specific behaviours and environmental conditions.
Intense physical exertion drives substantially elevated
ventilation rates, which significantly increases inhalation
of airborne microplastic fibres and particles, particularly
in indoor environments such as synthetic-surface training
halls, gymnasiums, and swimming pools [29]. During
intense exercise, increased ventilation rates can significantly
enhance the inhalation of airborne microplastics, particularly
in endurance sports such as long-distance running, cycling,
and triathlon, where athletes are exposed to large volumes of
air over prolonged periods [30]. Consequently, the athlete’s
environment, whether a metropolitan stadium or a coastal
marathon route, becomes a site of significant encounter with
these persistent contaminants, facilitating their entry into
human systemic circulation.

This widespread diffusion creates a multi-pathway
exposure matrix: particles are not only ingested through the
contaminated trophic chain [28] but also inhaled as airborne
pollutants during periods of high ventilatory demand [27],

and acquired through direct skin contact with synthetic
clothing, as well as through cosmetics and personal care
products, which may include creams, soaps, shampoos,
and sunscreens that could contain microplastic particles
or plastic-derived chemical additives. Those elements can
penetrate the skin barrier, particularly when applied to
warm, perspiring skin during or after exercise.

Exposure as a multisystemic stressor in athletes

The combination of massive plastic production, limited
recycling, and inherent resistance to biodegradation
has fueled widespread environmental contamination by
nano- and microplastics. Although the pathophysiological
consequences of acute and chronic exposure are not yet
fully understood, experimental and toxicological studies
suggest that those particles may interact with biological
systems through several and interconnected physiological
mechanisms.

Both in vitro and in vivo studies have shown that exposure to
microplastic particles can increase the production of reactive
oxygen species (ROS), potentially leading to mitochondrial
dysfunction, lipid peroxidation, and activation of cellular
stress pathways [31]. Oxidative stress is associated with
activation of inflammatory signaling cascades, including
pathways mediated by NF-kB, which can stimulate the release
of pro-inflammatory cytokines such as IL-6, IL-1 and TNF-a
[32]. These responses suggest also that microplastics may
contribute to persistent low-grade inflammatory processes
when exposure is chronic.

RESPIRATORY SYSTEM

MNPs can enter the body through inhalation and deposit
in the respiratory tract, where they may trigger local
inflammatory responses and accumulate in lung tissue.
Due to their small size, these particles can reach the lower
airways, where they may face limited clearance mechanisms,
promoting persistent pulmonary exposure and chronic
inflammation [33].

At the cellular level, MNP-induced pulmonary toxicity is
largely mediated by oxidative stress and redox imbalance.
Experimental studies show that microplastics increase
reactive oxygen species (ROS) production, deplete
antioxidant defenses, and reduce the activity of key
antioxidant enzymes such as GSH-Px, CAT, and SOD in
bronchial epithelial cells [34]. In addition, microplastics
interact with lung macrophages, epithelial, and stromal
cells, inducing pro-inflammatory cytokine release. Those
mechanisms are linked to DNA damage, cellular senescence,
and fibrotic remodeling and respiratory diseases including
asthma, COPD, pulmonary fibrosis, and lung cancer [35-36].

Furthermore, respiratory impairment associated with MNPs
exposure may also affect physical performance. A recent
study shows that microplastic exposure may reduce the
efficiency of oxygen uptake and utilization during exercise,
directly affecting exercise endurance. Animal models showed
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significant decreases in maximum speeds and endurance
levels in exposed organisms.

Endurance athletes exposed to airborne microplastics may
experience reduced lung capacity and increasing fatigue-
related injuries. Contact sport athletes face elevated
microplasticexposure from turfinfill materials, compounding
injury risks (e.g, ACL injuries). A compromised muscle
function and respiratory efficiency may exacerbate injury
susceptibility, athletic performance, and potentially adverse
effects on cognitive performance through the pathway
between the lungs and the brain (lung-brain axis).

NERVOUS SYSTEM

Plastic debris, particularly nanoplastics, can reach the
central nervous system (CNS) after crossing biological
barriers such as the blood-brain barrier (BBB), the nasal
olfactory epithelium, or via the gut-brain axis [37]. Once in
the brain, these particles can accumulate in neural tissue
and induce multiple neurotoxic processes including BBB
disruption, oxidative stress, mitochondrial dysfunction, and
neuroinflammation [38].

NP are poorly degraded by lysosomal enzymes: they can
accumulate intracellularly and impair autophagic flux,
leading to lysosomal damage, endoplasmic reticulum
stress, and increased oxidative stress [39]. Emerging
evidence suggests that inhaled microplastics may influence
cognitive performance through the lung-brain axis,
promoting neuroinflammation and cognitive impairment in
experimental models [40]. These combined respiratory and
neurological effects may ultimately compromise endurance,
reaction time, and decision-making in physically demanding
activities.

Indirect neurotoxicity may also occur through the
microbiota-gut-brain axis: microplastic-induced intestinal
barrier disruption can increase systemic inflammatory
mediators (e.g., LPS, IL-1B, TNF-a), further amplifying
neuroinflammation.

GASTROINTESTINAL SYSTEM - MICROBIOTA-GUT-BRAIN
AXIS

The gastrointestinal tract represents one of the primary
interfaces of exposure, as ingestion through contaminated
food, water, and food-contact materials constitutes a major
pathway of human exposure. Data from experimental models
have shown that ingested MP may interact with intestinal
epithelial cells, potentially affecting gut barrier integrity and
promoting alterations in gut microbiota composition [41],
increasing intestinal permeability, inducing oxidative stress
and inflammation, and altering metabolic processes with
downstream systemic effects [42].

At structural level, MP can damage intestinal villi, reduce
mucus secretion, and impair epithelial integrity. Reduced
expression of tight junction proteins such as Z0-1, occludin,
and claudin-3 compromises the intestinal barrier, facilitating
inflammation and microbial imbalance [43].

One of the most significant consequences of MNPs exposure
is dysbiosis. Studies report reductions in beneficial genera
such as Lactobacillus and Bifidobacterium and increases in
potentially pathogenic species including Escherichia coli
and Clostridium difficile. In addition, MP can host microbial
communities which may act as reservoirs for pathogens
and antimicrobial resistance genes [44]. The dysbiosis
can alter metabolic pathways involved in lipid metabolism
and immune regulation. Increased intestinal permeability
associated with microbiota disruption may elevate
circulating lipopolysaccharide (LPS), promoting systemic
inflammatory responses that affect multiple organs [45].

These alterations are particularly relevant for athletes,
as the gut microbiota plays an important role in exercise
metabolism and performance. Physically active individuals
typically show greater microbial diversity and enrichment of
taxa such as Akkermansia muciniphila and Veillonella, which
are associated with improved metabolic efficiency and
endurance capacity [46]. Gut bacteria also produce short-
chain fatty acids (SCFAs), including butyrate and propionate,
which support intestinal health, energy metabolism, and
aerobic performance [47].

INTEGUMENTARY SYSTEM

Skin represents an effective barrier against the penetration
of external agents into the human body. Recent toxicological
evidence indicates that the penetration of these particles
is a complex process governed by their physicochemical
properties, including size, morphology, and surface
chemistry [48]. While the stratum corneum remains largely
impermeable to larger fragments, nanoparticles at the
lower end of the scale can bypass this architectural defense,
potentially acting as vectors for adsorbed hazardous
molecules or environmental contaminants [48].

Dermal exposure to MNPs is ubiquitous, occurring through
contact with indoor dust, synthetic textile microfibers, and
polymer-based personal care products [49]. The efficiency of
dermal absorption is highly dependent on barrier integrity.
While healthy skin offers significant resistance, conditions
characterized by barrier dysregulation, such as inflammatory
disorders, significantly lower the threshold for particle
entry [49]. Furthermore, the chronic presence of MNPs may
directly impair skin homeostasis, inducing a localized state
of oxidative stress and systemic signaling disruption [50].

For athletes, dermal exposure is intensified by sport-
specific physiological stressors. The combination of
prolonged mechanical friction, hyperhydration of the
stratum corneum due to sweat, and minor epidermal micro-
lesions can transiently increase skin permeability [50].
Once internalized, MNPs interact with the skin’s immune-
competent cells, including keratinocytes and dendritic cells,
triggering pro-inflammatory cascades, lipid peroxidation,
and alterations in autophagic flux [49-50]. These mechanisms
not only predispose the athlete to premature skin aging but
also represent an overlooked contributor to the cumulative
systemic inflammatory burden [51]. Prolonged physical
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activity may enhance the condition of dermal uptake of
microplastics.

ENDOCRINE SYSTEM

Chronic plastics exposure may disrupt hormonal
homeostasis across multiple endocrine axes, potentially
impairing metabolism, recovery capacity, and anabolic
signaling essential for athletic adaptation and performance.
The endocrine system is a major physiological target of MNPs
exposure: these particles can contain endocrine-disrupting
chemicals (EDCs) capable of binding to hormone receptors
and interfering with hormonal signaling across multiple
organs, including the hypothalamus, pituitary, thyroid, and
gonads. Evidence indicates that MNPs exposure can disrupt

different key regulatory axes, with consequences for
reproductive, metabolic, and immune function: the
hypothalamic-pituitary-gonadal (HPG), hypothalamic-
pituitary-thyroid (HPT), and hypothalamic-pituitary-
adrenal (HPA) system [52].

At the molecular level, microplastics can act as carriers
for chemical additives such as bisphenols, phthalates,
polybrominated diphenyl ethers, polychlorinated biphenyls,
and perfluorinated compounds. These substances may leach
from the plastic matrix after entering the body and interfere
with endocrine receptors and hormone regulation [53]. The
pituitary gland is particularly susceptible, as EDC-mediated
hypothalamic disruption may alter the release of key
hormones including GnRH, LH, and FSH, ultimately affecting
gonadal function [52].

Experimental studies report that chronic microplastic
exposure can impair the HPG axis and reduce testosterone
production. In animal models, polystyrene and polyethylene
microplastics have been associated with testicular damage,
altered spermatogenesis, and decreased circulating levels of
testosterone, LH, and FSH [54-55]. Such hormonal disruption
is particularly relevant for athletes, as testosterone plays a
central role in muscle growth, bone strength, metabolism,
and recovery [56].

MNPs exposure may also affect thyroid and stress-response
regulation. Disruption of the HPT axis can alter thyroid
hormone levels and metabolic rate, while alterations in the
HPA axis, including changes in cortisol and ACTH levels,
may influence stress adaptation and recovery processes
[57]. Since the cortisol-to-testosterone ratio is commonly
used as a biomarker of anabolic-catabolic balance in sport,
endocrine disruption could negatively influence training
adaptation and performance.

Athletes may experience additional exposure through
synthetic environments. Tight synthetic sportswear and
artificial turf can increase contact with microplastics and
associated EDCs, potentially facilitating dermal absorption
through sweat glands, hair follicles, or minor skin lesions
during prolonged physical activity.

Beyond the systemic impacts of MP on multisystemic
homeostasis, an additional and potentially underexplored
dimension in exercise physiology concerns the role of plastic-
associated chemical additives in modulating endocrine
pathways, relevant to post-exercise recovery. In particular,
growing toxicological evidence suggests that exposure
to certain phthalates may interfere with steroidogenesis
by downregulating the expression of steroidogenic acute
regulatory (StAR) protein and key cytochrome P450
enzymes, processes that have been associated with
reduced circulating testosterone levels in experimental and
epidemiological studies [58].

These findings are highly relevant in the context of MPs as
vectors and reservoirs of endocrine-disrupting chemicals.
Such endocrine-disrupting activity may extend beyond
reproductive physiology, potentially influencing anabolic
signaling pathways involved in skeletal muscle adaptationand
repair. Androgens play a well-established role in modulating
muscle protein synthesis and satellite cell activation, both of
which are critical processes in the recovery from exercise-
induced muscle damage.

Accordingly, disruption of steroidogenic pathways may
impair the hormonal environment required for optimal
musculoskeletal recovery. Rather than representing a direct
causal effect, this mechanism may contribute to a broader
endocrine-metabolic perturbation that could influence the
kinetics of tissue repair, adaptation to training loads, and
resilience to repetitive mechanical stress.

Within this framework, microplastic exposure, and its
associated chemical payload, may be considered a potential
environmental modifier of recovery capacity and injury
susceptibility in athletes, although direct evidence in athletic
populations remains currently to investigate.

MUSCULOSKELETAL SYSTEM

At the muscular level, limited data impedes a full
understanding of the internal exposure to microplastics,
especially concerning the musculoskeletal system.

Microplastics have been shown to cause abnormal
endochondral ossification and disrupt the normal function
of pre-osteoblasts, osteocyte-like cells, and pre-osteoclasts
through gene mutations, endoplasmic reticulum stress
induction, and reduced autophagosome formation in bone
growth areas. Although there are few reports on their effects
on muscle, it has been noted that microplastics inhibit
energy and lipid metabolism, decrease type I muscle fiber
density, impair muscle angiogenesis, cause muscle atrophy,
and increase lipid deposition. [59]

Within the musculoskeletal system, MNPs can trigger the
chronicproduction ofreactive oxygen species (ROS), fostering
a persistent low-grade inflammatory state that overlaps
with and amplifies the acute post-exercise inflammatory
response. This toxicological synergy may saturate cellular
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antioxidant defences and disrupt androgen-dependent
signalling pathways critical for muscle protein synthesis
and ultrastructural repair. The disruption of testosterone
signalling is particularly relevant in this context: MNP-
induced suppression of the HPG axis reduces the anabolic
hormonal environment on which skeletal muscle adaptation
fundamentally depends, compounding the direct oxidative
and inflammatory damage at the tissue level. [60]

Over time, this condition could manifest as symptoms
commonly associated with overtraining syndrome: persistent
fatigue, decreased performance, prolonged soreness, and
heightened injury risk. Thus, the musculoskeletal system
could suffer a progressive vulnerability to strains, tears, and
delayed healing processes, undermining both the athlete’s
resilience and their longevity in sport.

Discussion

Plastics exposure may represent an emerging environmental
factor with potential relevance for injury and recovery in
athletes. Current evidence indicates that plastic particles can
enter the human body through multiple pathways, primarily
inhalation and ingestion. Recent studies suggest that a
fraction of these particles may subsequently translocate
across biological barriers and reach systemic circulation.
Once bioavailable, these particles sequester within
diverse organ systems, triggering effects that may operate
through synergistic or cumulative mechanisms, potentially
contributing to compromise homeostatic balance. Rather
than targeting a single organ system, MNP-related effects
appear to involve multiple interconnected pathways,
although the extent to which such mechanisms translate into
clinically meaningful outcomes in humans is still unclear.

Athletes represent a distinct group of population
characterized by high physiological demands and specific
environmental exposure patterns. Higher ventilatory rates
during exercise may increase the inhalation of airborne
particles; prolonged training sessions in synthetic-turf
environments, indoor facilities, and contaminated water
sources may influence ingestion and dermal exposure. The
widespread use of synthetic materials in sportswear and
equipment may further increase environmental contact with
microplastics and associated chemicals.

Furthermore, the biological impact of MNP exposure may
not be uniform across athletic populations and could vary
depending on sport-specific demands, environmental
conditions, and dominant physiological systems involved.
Experimental studies in animal and model systems have
reported alterations in endurance capacity and post-
exercise metabolic responses following microplastic
exposure, although the applicability of these findings to
humans remains uncertain. Different sport disciplines
may be differentially affected. For example, in endurance-
based activities, where performance is tightly coupled to
respiratory efficiency and mitochondrial function, MNP-
related pulmonary inflammation or disruptions in oxidative

metabolism could increase the energetic cost of exercise and
impair aerobic capacity. Similarly, in sports requiring high
levels of cognitive function and sensorimotor integration,
potential neuroinflammatory or neurotoxic effects observed
in experimental models may represent a relevant pathway of
interaction.

Athletes engaged in aquatic environments may present a
particularly complex exposure profile. Microplastics have
been detected in surface waters used for recreational and
competitive activities, and incidental ingestion during
swimming or open-water exercise has been documented.
Indoor swimming environments may introduce additional
factors, including airborne by-products and the presence of
microplastic-associated microbial communities, which could
interact with respiratory exposure pathways. However,
although current evidence is insufficient, the physically
active population may accordingly exhibit a heightened
susceptibility to bioaccumulation compared to sedentary
individuals.

From a physiological perspective, it has been hypothesized
that MNP exposure could interact with processes central
to performance, recovery and tissue repair. Recent studies
indicate potential effects on mitochondrial function,
inflammatory signaling, endocrine regulation, and gut
microbiota composition. Such alterations could influence
aerobic efficiency, muscle adaptation, immune function, and
recovery dynamics. However, these relationships remain to
be investigated. Given these uncertainties, MNP exposure
should be considered a plausible, but as yet insufficiently
characterized, contributor to environmental load in athletes
rather than an established determinant of performance or
injury risk.

From a preventive perspective, precautionary strategies may
be considered. At the individual level, reducing avoidable
sources of plastic exposure, such as minimizing the use of
plastic food containers, avoiding heating food in plastic, and
favoring alternative materials when feasible, may represent
pragmatic measures. At the institutional level, improving
indoor air quality, optimizing ventilation, and evaluating
materials used in sports infrastructure could contribute to
reducing exposure. Such measures should be proportionate
to the currentlevel of evidence and integrated within broader
environmental and public health strategies.

At the regulatory level, recent developments suggest
increasing awareness of material-related exposures in
sports environments. Updated infrastructure frameworks
from UEFA acknowledge the coexistence of natural, artificial,
and hybrid playing surfaces, potentially opening the way
to future evidence-based decisions that incorporate both
performance and health considerations.

Abbreviations
MP : microplastics NP : nanoplastics
MNPs : micro and nano plastics
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COPD :
Hypothalamic-Pituitary-Adrenal axis GSH-Px :

Chronic obstructive pulmonary disease HPA :
Glutathione

Peroxidase
CAT : catalasi
SOD : superoxide dismutase SCFA : short chain fatty acids
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