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Abstract

Microplastics and Nanoplastics (MNPs) have emerged as pervasive environmental contaminants
with growing evidence of systemic health effects. This study characterizes the spectrum of signs and
symptoms associated with MNP exposure, examining potential mechanisms of toxicity, patterns of
exposure, and biological responses. By integrating clinical observations and emerging experimental
data, the research aims to clarify possible links between MNPs and inflammatory, metabolic, and
neurological outcomes. Clinical data from 21 different classes of diseases, comprising of 375 illness
were analyzed on the base of the 26 of the most common sign and symptoms, supplemented by to 4
variables related to the environment for a total of 30 (defined as Chicago Cluster System or CCS).
Illnesses characterized by at least 8 signs were considered relevant. Association was explored though
integration of the current literature. 40 diseases (21 chronic and 19 acute) across 12 different Classes
were found to align with the 30 sign and symptoms of the CCS. Chronic illnesses included
Alzheimer’s Disease, Parkinson, Diabetes Type 2, IrritableBowel Syndrome (IBS), Chronic
Obstructive Pulmonary Disease (COPD), Rheumatoid arthritis, and Post Covid-19 syndrome, Acute
illnesses included illnesses while Gastroenteritis, Pancreatitis, Meningitis, Acute Pneumonia and
Acute hepatitis. The most represented sign and symptoms were fatigue, dyspepsia, C-Reactive
Protein (CRP) increase, fever, cognitive changes, hematological abnormalities and imaging
modifications. MNP exposure is associated with a multisystemic clinical presentation. These findings
underscore the need to recognize MNPs as environmental cofactors in complex disease syndromes
and to integrate clinical, biochemical, and imaging evidence in future epidemiological studies.

Keywords: Chicago cluster system; microplastics; nanoplastics; microplastics syndrome; chitosan;
procambarus clarkii

1. Introduction

Global plastic production has reached unprecedented levels, exceeding 430.9 million tons in 2024
and projected to increase by nearly 70% by 2040 [1]. The fragmentation of these materials generates
micro-nanoplastics (MNPs), particles smaller than 5 mm, which are now ubiquitous in the
environment and have been detected in drinking water, table salt, and food products. Human
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exposure is therefore continuous and widespread, raising growing concerns about potential health
consequences [2, 3].

Recent studies have demonstrated that MNPs can cross biological barriers, accumulate in
tissues, and interfere with cellular and immune processes [4, 5]. Clinical implications include
oxidative stress, chronic inflammation, and possible effects on cardiovascular, respiratory, and
gastrointestinal systems. While the toxicological pathways are increasingly documented, a clear
clinical definition of microplastic-related disease remains elusive.

In 2025, the Microplastics Syndrome (MPSyn) was considered for the first time to determine the
type and the number of sign and symptoms defined as CHICAGO CLUSTER SYSTEM (CCS) [6] and
characterized by a recurring constellation of 30 signs and symptoms (26 clinical and 4 environmental)
and suspected to be associated with MNP exposure. This concept represents a decisive step toward
formalizing a new clinical entity linked to environmental contaminants.

Nevertheless, it remains essential to examine the overlap between this cluster and established
diseases, in order to determine whether the MPSyn constitutes an autonomous entity or reflects a
cross-cutting pattern within existing pathologies. Table S1 summarizes all the 26 signs and symptoms
which were identified in clinical and epidemiological data as possibly related to the MPSyn [6].

2. Materials and Methods

A systematic symptom-based approach was used to deal with the lack of a unified clinical
framework for assessing the health relevance of exposure to MNPs. In order to identify recurrent
multisystem symptoms associated to environmental exposure, the CCS was developed with a focus
on non-specific but convergent clinical characteristics.

2.1. Conceptual Framework of the CCS

The CCS was established as a practical clinical construct meant to incorporate a variety of
indications and symptoms into a framework for reproducible assessment. Instead of concentrating
on single-organ pathology, it represents systemic biological stress that may be brought on by long-
term exposure to MNPs. Based on consistent reporting from epidemiological, clinical, and
experimental studies, the system consists of four environmental exposure variables and 26 clinical
signs and symptoms. In order to identify clinically significant overlap while minimizing the potential
of arbitrary symptom aggregation, a threshold of at least six CCS indicators was employed. Previous
research has linked a greater chance of MPSyn to higher symptom loads (= 8 indicators), indicating
that cumulative symptoms increase specificity. In order to maintain the exploratory aspect of the
study, the lower threshold was deliberately employed in the present assessment to investigate
intersections between CCS and recognized disorders without establishing causality [6].

Twenty-one classes of diseases were considered, and each selected based on the presence of at
least 6 signs and symptoms consistent with the CCS (Tables 52-513). The text used for disease analysis
were the most common and internationally recognized [7]. By systematically mapping these
overlaps, we aim to provide a reproducible framework for clinical and epidemiological research, and
to advance the dialogue on the health impacts of microplastic exposure.

2.2. Disease Selection and Symptom Mapping Procedure

Using this framework as a guide, 21 disease classes were chosen to represent the main
physiological systems that are expected to be impacted by exposure to the environment. To improve
reliability and minimize interpretative bias, diseases in each class were evaluated using globally
accepted clinical descriptions. CCS signs and symptoms were systematically mapped against
conventional clinical descriptions for every disease. Symptom overlap was only taken into account
when it was specifically identified as a defining aspect of the disease. Conservative inclusion criteria
were used when correspondence was ambiguous or incomplete. For additional analysis, diseases
with six or more CCS indicators were considered. This systematic methodology was developed to
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achieve a balance among the inherent limitations of narrative integration and methodological rigor
[6].

The environmental variable to be added as part of the CCS were only 4 as follows: Living in
urban areas with high pollution and traffic; regularly drinks bottled water; a diet rich of small fishes;
working with plastics, textiles or industrial setting. These four variables should be added to the other
sign and symptoms according to the presence in the subject. As previously mentioned, there is a >
95% probability of being affected by MPSyn if the signs and symptoms are more than 8 [6].

Twenty-one classes of diseases were considered (Tables S2-513) following each selected disease
based on the presence of at least 6 signs and symptoms consistent with the CCS. By methodically
mapping these overlaps, we aim to further debate on the health effects of MNP exposure and provide
a reproducible framework for epidemiological and clinical research.

In total 375 different diseases were analysed number of diseases characterized by at least 6 of the
CCS were 40 out 375 (Table 1). Table S14 describe the signs and symptoms of CCS.

Table 1. Total number and disease classes considered for the existence of CCS signs and symptoms [6].

Class Name N. of Disease
1 Endocrine, metabolic, nutritional diseases 33
2 Infectious diseases 23
3 Nervous System diseases 22
4 Hematological, oncological diseases 22
5 Pediatric diseases 20
6 Gynecological, obstetric diseases 20
7 Cardiovascular diseases 20
8 Dermatological diseases 19
9 Major tumours 19
10 Genitourinary diseases 18
11 Gastrointestinal, liver, biliary tract diseases 18
12 Ophthalmological diseases 16
13 Poisoning 16
14 Ear, nose, throat (ENT) diseases 15
15 Psychiatric diseases 15
16 Special causes diseases 14
17 Immunology, allergic diseases 14
18 Dental, oral cavity diseases 13
19 Muscoskeletal and connective tissue diseases 13

20 Respiratory diseases 13
21 Physical agents diseases 12
TOTAL DISEASES 375

3. Discussion

The comparison analysis's outcomes suggest that CCS-aligned symptom patterns arise across a
range of disease categories rather than being restricted to specific diseases. This result suggests the
potential that the reported clinical convergence is due to similar biological pathways rather than
disease-specific mechanisms.

3.1. Principal Outcomes

The claimed CCS combines at least six signs and symptoms with a significant number of well-
established clinical diseases, demonstrated by this comparative study covering 21 classes of disease.
Findings indicate that the constellation of symptoms linked to MNP exposure is not isolated but
rather generally overlaps with several types of systemic diseases. The observed correlation highlights
the recurrent but non-specific nature of CCS symptoms and implies that similar biological pathways,
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rather than disease-specific processes, are involved. These results can be understood in two primary
manners.  First, exposure to MNPs may serve as a common environmental stressor that can
intensify, create, or reproduce symptom patterns already identified in several kinds of chronic and
acute diseases. Second, the data raises the question of whether CCS is a cross-cutting condition
included into current disease frameworks or a separate nosological entity. Clinically, CCS might be
a systemic response to long-term exposure to the environment rather than an emerging disease group
that needs to be classified separately.

The symptom distribution in the CCS reflects shared systemic pathways rather than disease-
specific mechanisms. Persistent fatigue (65%) is the most frequent symptom, driven by mitochondrial
dysfunction, chronic inflammation, and altered energy metabolism common across conditions.
Gastrointestinal symptoms, including dyspepsia (57.5%) and abdominal pain (37.5%), highlight the
gut’s role as a sentinel organ exposed to environmental factors. Altered inflammatory indices (55%)
and fever (47.5%) indicate widespread immune activation. Neurological manifestations such as
headache (45%) and cognitive alterations (42.5%) arise from neuroinflammation and blood-brain
barrier vulnerability. Hematological disturbances (40%) reflect systemic stress, while ultrasound
alterations (37.5%) confirm organ-level effects of chronic inflammatory processes. Table 2 provides
the data concerning the distribution of symptoms in each disease.

Table 2. Frequency of symptoms and signs in the 40 diseases under consideration.

Sign and Symptoms Number of Times % of Diseases Incidence
Persistent fatigue 26 65.0
Dyspeptic symptoms 23 57.5
CRP increase 22 55.0
Fever 19 47.5
Headache 18 45.0
Cognitive changes 17 42.5
Blood disorders 16 40.0
Ultrasound alteration 15 37.5
Abdominal pain 15 37.5
Dysbiosis 13 32.5
Sensorial alteration 10 25.0
Behavioral alteration 8 20.0
Cough/dyspnea 7 17.5
Liver enzyme alteration 5 12.5
Dyslipidemia 5 12.5
Creatinine alteration 5 12.5
Sexuality alteration 5 12.5
Visual alteration 4 10.0
Hypertension 4 10.0
Glucose alteration 4 10.0
Menstrual alteration 3 7.5
Blood in stools 3 7.5
Dermatitis 2 5.0
Pancreas enzymes alteration 2 5.0
Allergies 1 2.5
Vascular alteration 1 2.5

3.2. Methodological Implications

From an epidemiological perspective, the > 6-symptom criteria used in this review offers a
reproducible and practical method for determining the clinical significance overlap between
recognized disorders and CCS. Future case-control studies, prospective cohort analyses, and
biomarker-driven research aiming at discriminating MNP-associated pathology from conventional
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disease processes can be developed upon this requirement. Clinicians could discover the tabular
synthesis offered here to be a useful tool for generating hypotheses and assisting differential
diagnosis in patients with complicated, multisystem presentations. There are significant implications
for public health. The broad effect of MNP exposure on human health may be overestimated if it
contributes to symptom clusters across several disease categories. Overlapping clinical characteristics
imply that MNPs could exacerbate pre-existing conditions, make diagnosis harder, or render
treatment decisions more complicated. These outcomes lend validity to the inclusion of
environmental exposure assessment in clinical evaluation, especially for patients who have
multisystem, unexplained symptoms.

3.3. Microplastics in Blood: Subclinical Exposure

Human blood is known to include MNPs in biomonitoring studies [6, 8-10], indicating
cumulative exposure to a variety of polymer types with different toxicological properties.
Significantly, measured concentrations of several vitamins are similar to physiological levels,
highlighting their quantitative relevance. A paradox of apparent health is highlighted by the fact that
detectable blood levels are often found in people without overt clinical illness [11, 12]. Important
considerations about latency, subclinical effects, and cumulative risk are brought up by this
observation. It is possible that MNP-associated disease only appears after extended exposure or in
the context of modifying variables including immunological dysregulation, metabolic stress, aging,
or co-exposure to other environmental poisons. Established models of chronic environmental disease
are compatible with such dynamics.

3.4. Organ Bioaccumulation and Tissue Tropism

MNPs accumulate preferentially in certain organs, including the brain and liver, according to
experimental and post-mortem studies [13, 14]. Several studies have shown that exposure to MNPs
causes neuronal damage, including loss of dopaminergic neurons, mitochondrial dysfunction, and
a-synuclein aggregation, which are important characteristics of Parkinson's disease (Xu et al., 2025).
Alzheimer's disease progression is linked to similar mechanisms, such as oxidative stress and
neuroinflammation [13, 15-16].

According to post-mortem studies, the liver and brain serve as long-term reservoirs, indicating
a restricted capacity for clearance and the possibility of long-term toxicological consequences. On the
contrary, despite the fact that MNPs have been found in the kidney and have been demonstrated to
cause harm, there doesn't seem to be much accumulation [17, 18] perhaps because renal clearance is
more effective. This organ-specific distribution emphasizes how crucial tissue tropism is to
determining systemic risk. Other tissues and biological fluids, such as the lung [19-22], semen [23,
24], placenta [24, 25], endometrial [26], and sputum [27, 28], were also found to include MNPs,
confirming the possibility of widespread systemic exposure [29].

3.5. Symptom Distribution and Biological Plausibility in the CCS

Common systemic pathways rather than condition-specific processes result in the predominance
of shared symptoms among various diseases. Led by neuroendocrine, immunological, and metabolic
dysregulation associated with chronic inflammation and mitochondrial dysfunction, fatigue
constitutes the most common manifestation [30-35]. The gut is a sentinel organ exposed to
environmental stresses, where mucosal irritation, dysbiosis, and inflammatory signaling converge
[36-40] as suggested by gastrointestinal complaints, especially dyspepsia and abdominal pain [41-46].
Fever and inflammatory markers such as CRP are signs of immune activation, emphasizing the
crucial role of systemic inflammation [35, 47-49]. Neuroinflammation, vascular dysfunction, and
blood-brain barrier penetration are the root causes of neurological symptoms as headache and
cognitive decline [16, 35, 47, 50]. Immune mediators, circulating particles, and vascular integrity all
interact to trigger hematological disorders [51]. Lastly, non-invasive proof of systemic involvement
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is provided by ultrasonographic anomalies, which show organ-level effects of long-term
inflammatory and metabolic stress [51, 52].

3.6. Key Symptom Domains

Multiple diseases converge on shared biological pathways, which suggests why specific signs
recurring. Vascular function, energy metabolism, and immunological modulation are all disrupted
by chronic inflammation, which acts as a unifying factor [35] gut, brain, and blood are among the
most vulnerable organs due to their high demand on metabolism or barrier capabilities. These
processes are intensified by environmental stressors, resulting in nonspecific yet consistent clinical
patterns. Consequently, symptoms result from systemic dysregulation impacting interconnected
physiological networks spanning multiple diseases rather than from specific organ dysfunction [16,
32, 53].

3.7. Integrated Mechanistic Model Linking MNP Exposure to Multisystem Symptoms

A mechanistic hypothesis based on systemic dysregulation is supported by the significant
overlap between CCS signs and other diseases. Long-term exposure to MNPs could function as a
chronic environmental stressor that might damage biological barriers, cause low-grade inflammation,
and promote mitochondrial malfunction. The prevalence of fatigue, gastrointestinal problems,
increased inflammatory markers, and cognition abnormalities seen in all CCS-aligned disorders can
be explained coherently by these mechanisms.

This idea is further supported by experimental and post-mortem evidence of MNP
bioaccumulation in organs including the brain and liver, which suggests prolonged tissue exposure
with minimal removal. Due to dysbiosis and barrier dysfunction, the gastrointestinal tract seems to
be a major site of exposure as well as an amplifier of systemic effects. Multisystem symptoms may
result from the subsequent activation of the gut-blood and gut-brain axes, whereby could propagate
inflammatory and neuroendocrine signals.

While hematological alterations may reflect interactions between circulating particles and blood
components, neuroinflammation and enhanced blood-brain barrier permeability provide medical
explanations for behavioural and cognitive anomalies. Once combined as entirety, these mechanisms
provide credibility to the hypothesis that the CCS is not some sort of separate nosological entity but
rather a systemic response pattern resulting from long-term exposure to the environment.

3.8. Implications for Environmental Epidemiology and Public Health Surveillance

From an epidemiological standpoint, these results raise reliance on conventional disease-centric
models that might understate the adverse effects of environmental pollutants on health. In order to
capture non-specific, multisystem symptom constellations involving multiple diagnostic categories,
the CCS offers a supplementary framework.

Particularly in diseases with multimorbidity or uncertain etiology, incorporating CCS-based
assessments into population research may increase detection of environmentally mediated health
impacts and reduce diagnostic misclassification. Additionally, the CCS's inclusion of environmental
exposure factors is consistent with exposome-based protocols, which makes it easier to translate
environmental monitoring into clinical observation.

CCS-informed surveillance may improve the earlier identification of population-level effects
associated with rising plastic pollution at the public health level, supporting evidence-based
regulations and prevention strategies.

4, Putative Limitations

The observed patterns are coherent, but there are still certain limitations that require to be
emphasized. The lack of individual-level clinical data limits the analysis of dose-response gradients,
temporal correlations, and symptom severity thus rendering it difficult to reach conclusions
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regarding causality. Furthermore, due to non-specific symptoms occur frequently in many diseases
regardless of environmental exposure, relying solely on established clinical descriptions raises the
risk of circularity.

The current approach lacks the capacity to distinguish among potential confounders, such as
genetic dependence, co-exposures, and lifestyle factors. Furthermore, quantitative measures of
internal MNP burden, which are crucial for confirming exposure-effect connections, are not currently
included in the CCS. Nevertheless, the ongoing pattern of symptom convergence across several
disease categories is a strong signal that requires additional investigation employing prospective,
biomarker-driven studies.

Furthermore, whereas typical medical textbooks offer reliable clinical descriptions, they could
not adequately account for new information about MNP exposure and its systemic effects. In
conclusion, the evidence supports up the belief that exposure to MNPs induces a predictable cluster
of non-specific but clinically significant symptoms that span several disease categories. CCS may be
a systemic response to long-term environmental exposure rather than an independent disease entity.
To elucidate causality and guide preventive and therapeutic strategies, prospective studies
incorporating exposure assessment, biomarkers, and long-term clinical outcomes are increasingly
necessary.

5. Conclusions

The present findings provide several important insights into regional disparities in PC mortality
in Italy. These results highlight the need to evaluate overall dietary patterns rather than isolated
nutrients or individual food items. Approximately half of the food categories

The interpretation of MNP exposure as an overall environmental modulator of human health
rather than a specific clinical condition is supported by this narrative review, which concludes by
demonstrating that the CCS overlaps significantly with recognized acute and chronic diseases.
Convergent, non-specific symptom patterns consistent with systemic dysregulation brought on by
ongoing environmental stress are observed by the CCS.

This approach promotes exposome-based epidemiology and environmental health research by
offering a formal framework for symptom aggregation. In the context of increasing global plastic
pollution, additional studies incorporating quantitative exposure assessment, biological markers,
and longitudinal clinical outcomes will be crucial to explain causality and suggest preventive and
mitigation methods.

Preliminary research indicates that oral chitosan could improve the excretion of MNPs in the
stools [54], and clinical trials are being carried out to determine its potential efficacy, even though
there are presently no effective treatments for MPSyn. To establish its therapeutic effectiveness in
lowering blood levels of MNPs in healthy volunteers, we are currently conducting clinical trials.

Supplementary Materials: The following supporting information can be downloaded at: Preprints.org, Table
S1: CCS-26 Non-Specific signs and symptoms; Table S2: Endocrine, Metabolic, and Nutritional Diseases; Table
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Diseases; Table S5: Respiratory Diseases; Table S6: Hematological and Oncological Diseases; Table S7:
Immunological and Allergic Diseases; Table S8: Infectious Diseases; Table S9: Nervous System Diseases; Table
S510: Psychiatric Diseases; Table S11: Genito-urinary Diseases; Table S12: Gynecological and Obstetric Diseases;
Table S13: Poisonings; Table S14: Diseases classes with signs and symptoms of CCS.
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CRP C-Reactive Protein

IBS Irritable Bowel Syndrome

MNPs Micro-Nanoplastics

MPSyn Microplastic Syndrome
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