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Advanced liver disease, including cirrhosis and hepatocellular carcinoma (HCC), represents a 

major global health challenge, particularly due to the increasing prevalence of metabolic 

dysfunction-associated steatotic liver disease (MASLD). Simultaneously, micronanoplastics 

(MNPs) have emerged as pervasive environmental contaminants with potential hepatotoxic 

effects. In this review, our aims were to provide an in-depth analysis of the current knowledge 

on the role of MNPs in the pathogenesis of cirrhosis and HCC, particularly in the context of the 

increasing prevalence of MASLD, and to identify key areas for future research. The search 

strategy encompassed original studies and review articles included in PubMed/MEDLINE, 

Web of Science, Scopus, and Google Scholar databases from January 1, 2014, to November 1, 

2024. Growing evidence indicates that MNPs exposure in animal models may induce hepatic 

changes similar to those observed in human MASLD and metabolic dysfunction-associated 

steatohepatitis through both direct and indirect mechanisms. Importantly, MNPs may function 

as a “second hit” in the presence of pre-existing metabolic stress, potentially exacerbating 

hepatotoxic damage. However, data from human studies remain limited, with only two small-

scale investigations examining MNPs in clinical cohorts. Recent advancements in analytical 

methods for quantifying MNPs in blood present new opportunities to investigate their 

association with the risk of MASLD, cirrhosis, and HCC in clinical cohorts. In conclusion, 

while significant progress has been made in elucidating the hepatotoxic effects of MNPs in 

experimental models, their clinical relevance to human liver disease progression remains 

largely unexplored. Further multidisciplinary research integrating environmental science, 

molecular biology, and clinical hepatology is urgently needed. 
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1. INTRODUCTION  

Advanced liver disease, encompassing cirrhosis and hepatocellular carcinoma (HCC), 

constitutes a significant global health burden, accounting for approximately 4% of all deaths 

worldwide [1], or 1 million fatalities annually [2]. Cirrhosis, characterized by extensive fibrosis 

and nodule formation, disrupts the normal hepatic lobular architecture and progressively leads 

to liver decompensation, manifesting as ascites, hepaticencephalopathy, and variceal 

hemorrhage [3]. This condition is one of the leading causes of mortality worldwide, ranking as 

the fifth-leading cause of death in the Eastern Mediterranean region, ninth in both Southeast 

Asia and Europe, and tenth in Africa [1]. Moreover, cirrhosis significantly increases the risk of 

HCC, the most prevalent form of primary liver cancer and the third leading cause of cancer 

related mortality worldwide [4, 5]. The annual incidence of this malignancy in patients with 

cirrhosis is estimated to be between 0.2% and 5%, underscoring the need to implement 

pathophysiology-informed monitoring and prevention strategies [6]. Notably, the etiology of 

advanced liver diseases has undergone substantial changes over time, warranting consideration 

of these evolving trends [7].The increasing coverage of hepatitis B virus vaccination and the 

advent of highly effective antiviral pharmacotherapies have led to a decline in viral hepatitis-

related cases of chronic liver disorders in an advanced stage [8]. Conversely, epidemiological 

evidence demonstrates a marked surge in metabolic dysfunction-associated steatotic liver 

disease (MASLD), MASLD-related cirrhosis and HCC [9, 10]. This trend is particularly 

significant as MASLD has become the predominant cause for liver transplantation in developed 

countries [10]. Given its global prevalence—reaching up to 50% and increasingly affecting 

young adults—its burden must be regarded with utmost seriousness [11-14]. Even among liver 

transplant recipients, MASLD remains a significant concern, with reported prevalence rates 

exceeding 30%, suggesting a disease burden comparable to that observed prior to 

transplantation [15]. It is also a notable issue in other transplant populations, including kidney 
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transplant recipients [16]. Furthermore, MASLD is increasingly becoming one of the leading 

causes of referral to tertiary care centers for advanced hepatological evaluation [17]. 

Additionally, MASLD poses a unique risk by promoting hepatocarcinogenesis even in non-

cirrhotic livers,warranting further investigation into its underlying mechanisms [18-20]. 

In the context of the evolving epidemiological landscape of hepatic disorders,  

micronanoplastics (MNPs) have emerged as a novel environmental risk factor with potential 

implications for liver health [21-25]. The ubiquitous presence of permanent plastic particles –

from air to drinking water and food [26] – coupled with their potential to bioaccumulate in 

hepatic tissue, necessitates a comprehensive examination of their role in the pathogenesis of 

advanced liver diseases [27, 28]. In this narrative review, we sought to provide a comprehensive 

and critical examination of the current understanding regarding the potential role of MNPs in 

the pathogenesis of cirrhosis and HCC, particularly in the context of the escalating incidence 

of MASLD [8]. By synthesizing the available evidence and identifying major knowledge gaps, 

our overarching goal is to identify key areas for future research. 

2. METHODS 

For the purpose of this review, the search strategy (Table 1) encompassed original 

studies and review articles included in PubMed/MEDLINE, Web of Science, Scopus, and 

Google Scholar databases from January 1, 2014, to November 1, 2024. This timeframe was 

selected to ensure that the latest relevant research over the past decade was captured. The search 

terms employed included “microplastics,” “nanoplastics,” “liver,” “hepatic,” “metabolic 

dysfunction-  associated steatotic liver disease,” “non-alcoholic fatty liver disease,” “advanced 

liver disease,” “cirrhosis,” and “hepatocellular carcinoma.” To maintain the quality and 

relevance of the included studies, case reports, conference abstracts, and articles not published 

in the English language were excluded. The literature search consisted of three stages. Initially, 
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a preliminary screening of the title and abstract of each document was conducted to exclude 

documents that were not pertinent to the research topic. Subsequently, during the full-text 

screening phase, the study investigators independently evaluated the full text of each article to 

determine its eligibility for inclusion in the review. Finally, key data were extracted and 

subjected to narrative synthesis. 

3. RESULTS 

3.1. Classification and composition of micronanoplastics 

A precise classification of MNPs (Figure 1) provides a crucial foundation for 

comprehending their biological effects and underlying toxicological mechanisms. Broadly, 

these synthetic particles can be categorized into primary and secondary types based on their 

origin [29]. Intentionally manufactured primary MNPs emerge from direct industrial production 

or as manufacturing byproducts, encompassing abrasive materials, injection molding powders, 

and resin pellets [29]. The generation of these particles can also occur through mechanical 

degradation during the production, utilization, or maintenance of plastic products. In contrast, 

the secondary fraction, which predominantly exists in the environment and poses significant 

health concerns, originates from the gradual degradation of larger plastic materials,including 

ubiquitous items such as packaging, containers, and disposable products. The liberation of 

secondary MNPs occurs through various processes, including mechanical abrasion, ultraviolet 

(UV) radiation exposure, and chemical decomposition. These factors work synergistically to 

fragment larger plastic debris into microscopic particles [29]. In addition to their origin, MNPs 

can be categorized based on their size into three distinct categories:microplastics, which range 

from 5 mm to 1 μm, submicroplastics, spanning from 1 μm to 100 nm, and nanoplastics, which 

are less than 100 nm in diameter [30]. Notably, the size of MNPs significantly influences their 

interactions with biological systems, with smaller particles,particularly those at the nanoscale, 
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more readily crossing biological barriers and penetrating cells [31]. From a chemical 

perspective, the most frequently encountered polymers in MNPs found in environmental 

matrices include polyethylene (PE), polypropylene (PP), polyoxymethylene (POM), 

polyethylene terephthalate (PET), polystyrene (PS), polyvinyl chloride (PVC), and polymethyl 

methacrylate (PMMA) [31]. In addition, MNPs commonly contain a range of chemical 

additives – such as plasticizers, lubricants, fillers, UV stabilizers, pigments, dyes, and flame 

retardants – which are intentionally incorporated during the manufacturing process to enhance 

mechanical strength, color, transparency, and overall performance [32]. Importantly, beyond 

their inherent chemical toxicity, MNPs possess the capacity to adsorb a wide range of 

microorganisms and potentially hazardous molecules,including persistent organic pollutants, 

due to their hydrophobic properties and high surface area-to-volume ratio [33]. Consequently, 

their carrier function enables MNPs to act as “Trojan horses,” potentially enhancing the 

bioaccumulation and bioconcentration of chemical toxicants and amplifying their adverse 

effects on the liver and other organs [34]. 

3.2. The liver as the target of micronanoplastics: direct and indirect hepatotoxic 

damage 

The most compelling evidence for the potential hepatotoxicity of MNPs and their 

clinical significance in humans stems from a pilot study by Horvatits et al. The results revealed 

significantly elevated MNPs concentrations in liver tissue samples from patients with cirrhosis 

(n = 6) compared to those without liver disease (n = 5) [28]. Notably, the latter group tested 

negative despite rigorous characterization employing chemical digestion, staining, fluorescence 

microscopy, and Raman spectroscopy. While the authors did not explicitly differentiate 

between primary and secondary MNPs, the observed surface degradation of certain particles 

suggests the presence of secondary MNPs resulting from larger plastic item breakdown [28, 
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29]. In addition, the detected MPs ranged from 4 to 30 μm, falling within the microplastic size 

range (5 mm to 1 μm) and capable of traversing biological barriers [30]. Chemical analysis 

identified six distinct polymer types: PS, PVC, PET, PMMA, POM, and PP. Several recent 

reviews, which we are not attempting to duplicate, have provided detailed accounts of the 

potential direct and indirect mechanisms by which MNPs can induce hepatotoxicity [21, 22, 

25]. In brief, the effects of these particles, extensively elucidated and characterized in 

preclinical animal models but not yet thoroughly studied in humans, can be broadly classified 

as direct or indirect (Figure 2). Direct hepatotoxic mechanisms include the induction of 

oxidative stress [35], inflammation [36], mitochondrial dysfunction [37], activation of hepatic 

stellate cells [38], disruption of bile acid metabolism [39], and immunotoxicity [40]. 

Accordingly, the generation of reactive oxygen species by MNPs leads to protein 

oxidative carbonylation, membrane structure destruction, DNA strand breaks, and eventually 

apoptosis, pyroptosis, or other forms of cell death [41]. Furthermore, there is substantial 

evidence to suggest that plastic particle-induced cytokine and chemokine expression in the liver 

parenchyma can lead to morphological alterations similar to those observed in human metabolic 

dysfunction-associated steatohepatitis (MASH) [42]. MNPs may compromise mitochondrial 

function, which has a significant adverse impact on the hepatocyte energy metabolism due to 

the mitochondria’s critical roles in producing ATP and maintaining ion homeostasis [37, 43]. 

Furthermore, MNPs have been shown to activate hepatic stellate cells, leading to excessive 

extracellular matrix deposition, fibroblasts proliferation and increased liver blood flow 

resistance [27, 38]. Finally, the direct disruption of bile acid metabolism by MNPs can result in 

cholestatic injury, while their deleterious effects on liver-resident immune cells, such as Kupffer 

cells, may compromise the liver’s defense against lipopolysaccharide (LPS) derived from gut 

Gram-negative bacteria entering via the portal vein [39]. In contrast, the indirect hepatotoxic 

effects of MNPs are primarily linked to their accumulation in the gastrointestinal tract and their 
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impact on gut microbiota composition [21, 44-47].This disruption is generally characterized by 

an increase in harmful bacteria, a decline in beneficial bacterial species, and a reduced bacterial 

population diversity [21, 48]. In addition, MNPs have been demonstrated to disrupt critical 

bacterial metabolic pathways within the gut microbiota, leading to the reduced synthesis and 

release of beneficial postbiotics, including short-chain fatty acids [49]. There is also evidence 

that MNPs-induced microbiota disruption can compromise the integrity of the intestinal barrier, 

leading to gut hyperpermeability and translocation of bacteria and their potentially harmful 

structural and/or metabolic byproducts to the liver parenchyma [50]. 

3.3. Micronanoplastics and MASLD 

MASLD is a multisystemic disease that extends beyond the liver. Its pathogenesis 

involves multiple factors, consistent with a 'multiple-hit' model. Insulin resistance is considered 

the first hit in the classical 'two-hit hypothesis', followed by oxidative stress, lipid peroxidation, 

and mitochondrial dysfunction as subsequent hits [51]. However, it is increasingly evident that 

many additional contributing factors remain unidentified or not yet fully 

understood.Considering their increasing environmental burden and the broad direct and indirect 

hepatotoxic effects that MNPs can exert, it is not surprising that these pollutants have been 

repeatedly hypothesized to play a role in MASLD [23, 25]. However, the evidence suggesting 

MNPs’ potential role in the pathogenesis of this condition is predominantly derived from 

preclinical studies involving experimental exposure in rodent, fish, and avian models. In a 

seminal investigation utilizing a mouse model of MASLD, induced through a high-fat diet 

(HFD) protocol, the intravenous administration of PS nanoparticles was found to precipitate 

significant histopathological alterations [52]. These changes were characterized by enhanced 

Kupffer cell infiltration and marked collagen fiber deposition, suggesting a potential 

acceleration of liver fibrosis compared to HFD alone. Okamura and colleagues administered 
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polystyrene microplastics to C57BL6/J mice under two dietary conditions: normal diet and 

HFD over a four-week period [53]. The authors demonstrated that mice receiving HFD plus 

microplastics exhibited significantly elevated blood glucose levels, increased serum lipid 

profiles, and higher MASLD activity scores compared to HFD-only controls. Notably, the 

metabolic and hepatic perturbations were exclusively observed in the HFD cohort, while mice 

on normal diet (ND) remained unaffected by microplastic exposure [53]. In a separate study, 

Wang et al. reported that, while high doses of PS nanoparticles during gestation induced hepatic 

steatosis specifically in adult female offspring, male offspring remained unaffected [54]. The 

liver alterations were accompanied by significant upregulation of genes involved in fatty acid 

uptake and triglyceride synthesis, indicating enhanced lipogenic pathways [54]. Liu et al. 

conducted experiments using mice, which were given a ND or a HFD plus free drinking of 

sterile water with or without MNPs, respectively. Expectedly, mice fed a HFD had remarkably 

greater NAFLD activity scores than those receiving a ND. Interestingly, administration of 

MNPs plus HFD further worsened the histopathological changes observed in the mice’s liver, 

leading to inflammatory cell infiltration and ballooning degeneration [55]. In a study by Wei et 

al., C57BL/6 J mice were fed with a ND or a HFD containing 70 nm PS microspheres. The 

authors found that dietary-derived MNPs adsorbed proteins and agglomerated during the in 

vivo transportation, enabling HFD-induced hepatic steatosis to progress to MASH. 

Mechanistically, PS microspheres were found to induce redox imbalance and mitochondrial 

calcium overload [56]. The study appears to be particularly significant as it demonstrates a 

direct mechanistic link between nanoplastic exposure and the acceleration of liver disease 

progression. Another investigation by Zhao et al. examined the metabolic impact of MNPs 

through the gut-liver-adipose tissue axis [57]. The experiment involved administering 

C57BL/6J mice with either standard water or water containing PS beads of two different sizes 

(0.5 and 5 µm) at two distinct concentrations (0.1 μg/mL and 1 μg/mL). Notably, mice that 
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consumed the smaller PS beads (0.5 µm) at the higher concentration (1 μg/mL) exhibited 

elevated fasting plasma insulin levels and higher insulin resistance as early as three weeks post-

administration. These metabolic alterations were concurrent with shifts in the gut microbiota 

composition that are characteristic of an obese phenotype and gene expression changes in 

perivascular adipose tissue that were indicative of increased adipogenesis [57]. Considering 

their role as emerging pollutants in aquatic environments, Zhou et al. aimed to evaluate the 

toxicity of MPs in relation to hepatotoxicity using the zebrafish model [58]. Compared to 

controls, zebrafish exposed to MNPs exhibited significantly higher levels of lipid accumulation, 

triglycerides, and cholesterol contents, as well as inflammation, in conjunction with oxidative 

stress in their livers. These alterations were accompanied by a disrupted gut microbiota 

composition, characterized a markedly lower abundance of Proteobacteria and a higher 

Firmicutes/Bacteroidetes ratio. Markedly higher levels of the intestinal bacteria-derived LPS 

were also detected in serum [58]. In a separate study, Boopathi et al. found that zebrafish 

exposed to the combined effects of a high-fat diet (HFD) and PE. MNPs exhibited increased 

lipid accumulation, total cholesterol, triglycerides, and severe hepatic necroinflammation 

resembling MASH, compared to fish fed only the HFD [59]. Chen et al. examined the 

hepatotoxic effects of nanopolystyrene at environmentally relevant concentrations, as well as 

the underlying molecular mechanisms, in juvenile Siniperca chuatsi(mandarin fish) [60]. After 

a 21-day exposure period, the livers of exposed fish exhibited macrostructural and 

microstructural damage accompanied by oxidative stress. Another recent investigation 

examined the effects of subchronic exposure to PS microplastics on the liver of gilthead 

seabreams (Sparus aurata Linnaeus, 1758) [61]. The study involved exposing the fish to PS 

microplastics of various sizes (1-20 μm) at different concentrations (0, 25, or 250 mg/kg body 

weight/day) for a period of 21 days through contaminated food. PS microplastics induced an 

upregulation of mRNA levels of crucial genes associated with lipid synthesis and storage 
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without modifications of genes involved in lipid catabolism or transport and metabolism in the 

liver. The increase of pro-inflammatory cytokines gene expression was also observed in 

exposed gilthead seabreams in a dose-dependent manner. These findings were confirmed by 

hepatic histological evaluations reporting evidence of lipid accumulation, inflammation, and 

necrosis [61]. In a study utilizing a female Muscovy duck model, Chen et al. investigated the 

effects of a two-month co-exposure to cadmium (Cd) and PVC MNPs compared to a control 

group exposed to pure water. The results demonstrated that both PVC MNPs [62] and Cd 

accumulation in liver tissues had detrimental effects on hepatocyte morphology and functional 

activity. Notably, Schwenger et al. recently conducted the first-in-human study investigating 

MNPs in the context of MASH. Specifically, the authors compared fecal MNP levels among 

six lean healthy controls, six obese individuals with normal liver function, and eleven patients 

with MASH [63]. While no significant differences in fecal MNP levels were observed between 

the three study groups prior to bariatric surgery, fecal MNPs were positively associated with 

both portal and total macrophages, as well as natural killer cells. In addition, fecal microplastic 

fibers were positively correlated with the abundance of Bifidobacteria and negatively with 

Lachnospiraceae, suggesting a potential influence of MNPs on gut microbiota composition. In 

a follow-up of patients with MASH over 12 months post-bariatric surgery, patients with 

persistent liver involvement exhibited higher levels of fecal MNP fragments compared to those 

whose liver histology had normalized [63]. 

3.4. Micronanoplastics and hepatic cirrhosis 

Given the substantial preclinical evidence linking MNPs to the pathogenesis of 

MASLD, it is plausible that these contaminants may also play a role in the progression to 

cirrhosis. Notably, the incidence of cirrhosis cases attributed to MASLD has risen significantly 

[64]. Experimental evidence supports this hypothesis, as PS nanoparticles have been 
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demonstrated to exacerbate liver fibrosis in mice with HFD-induced steatosis [52]. Moreover, 

0.1 μm microplastics can directly enter hepatocytes from circulation, where they activate 

nuclear factor-κB translocation and fibronectin expression19 – both of which have been 

implicated in the development of cirrhosis [65, 66]. Co-exposure to Cd and MNPs has been 

demonstrated to synergistically induce liver inflammation and fibrosis [38], while continuous 

inhalation of PS nanoplastics can cause liver fibrosis and promote hepatocyte ferroptosis [67] 

– a novel form of iron-dependent cell death implicated in cirrhosis pathogenesis [68].As 

previously noted, the only direct evidence of MNPs accumulation in human liver tissue has 

been observed in cirrhotic specimens [28]. Furthermore, a recent study utilizing a functionally 

active 3D liver microtissue model composed of primary human hepatocytes, Kupffer cells, 

sinusoidal endothelial cells, and hepatic stellate cells demonstrated that long-term exposure to 

MNPs resulted in significant pathological changes, including disrupted tissue architecture [42]. 

3.5. Micronanoplastics and hepatocellular carcinoma 

Recent research has highlighted the potential mechanistic role of MNPs in 

hepatocarcinogenesis, particularly in the context of chronic inflammation-driven malignant 

transformation [69]. This pathway bears striking parallels to the potential progression from 

MASLD to HCC, which may occur even in pre-cirrhotic stages [70]. In a comprehensive 

investigation employing a multi-model approach, Kim et al. utilized the Comparative 

Toxicogenomics Database to identify potential human health implications of high-density PE 

microplastics [71]. Notably, their analysis revealed a relevant adverse outcome pathway 

involving aflatoxin B1-mediated HCC development. In a recent study, Huang et al. 

demonstrated that MNPs significantly worsens liver injury under infectious conditions and 

established a correlation between MNPs pollution levels and human HCC through big data 

analysis [69]. Interestingly, the authors demonstrated that Spalt-like transcription factor 2 
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(SALL2), an evolutionarily conserved molecule that is frequently deregulated in various 

malignancies [72], can act as an oncogenic promoter in the development of MNPs-driven HCC. 

In addition, liver transcriptome analysis revealed the activation of carcinogenesis pathways in 

MNPs-exposed samples compared to pre-infection conditions [69]. In the clinical context, 

compelling evidence linking specific MNPs to HCC has emerged from occupational medicine 

studies. For instance, exposure to PVC MNPs has been consistently associated with liver 

toxicity and an elevated risk of both HCC and liver angiosarcoma, as reviewed by Zarus et al. 

Accordingly, a seminal epidemiological investigation reported 71 cases of primary liver cancer 

among 12,700 PVC and vinyl chloride workers, with a standardized mortality ratio of 2.40 

(95% confidence interval: 1.80–3.14) [73, 74]. Other authors reported a significant excess of 

non-secondary liver tumors among PVC workers [75]. In contrast, the liver carcinogenic effects 

of occupational and environmental exposure to other MNPs in humans remain poorly 

understood. 

4. DISCUSSION 

4.1. The converging crises: plastic pollution and liver diseases 

The epidemiological burden of advanced liver disease [1, 2, 8] and plastic pollution [29-

31] are increasing concurrently, leading to the hypothesis that these phenomena may be 

interconnected [20-22], potentially mediated by MASLD [23, 25] – a known and increasingly 

prevalent precursor of both cirrhosis and HCC [8, 19, 20]. Recent years have seen a surge in 

experimental research elucidating the hepatotoxic effects of MNPs in animal models [52-54, 

57].These studies consistently demonstrate that short- and medium-term exposure to these 

pollutants is associated with the development of hepatic alterations that closely resemble those 

observed in human MASLD and MASH. Furthermore, the potential direct and indirect 
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mechanisms by which MNPs may exert their hepatotoxicity have been extensively explored 

using advanced techniques and have been the subject of several recent reviews [21-25] . 

4.2. MNPs as a “second hit” in MASLD and potential sex-related effects 

Our analysis of the preclinical literature has highlighted two noteworthy observations. 

First, the available evidence suggests that MNPs require a pre-existing metabolic derangement 

–typically elicited in rodent models by a HFD [52, 53]  – to induce MASLD-like histological 

alterations. Considering that mice fed a ND and exposed to MNPs do not exhibit steatotic liver 

changes [52-54], it is likely that MNPs may act as a “second hit” when a metabolic stress is 

already present. Second, an intriguing sex-specific effect of exposure to MNPs has been 

reported in mice, suggesting that sex hormones and/or sex-specific epigenetic mechanisms may 

play a role in modulating the liver toxicological profile of these contaminants [54]. 

4.3. Gaps in current research: the need for systematic approaches and 

quantification of MNPs in human blood  

Although experimental findings have been congruent and promising, it is notable that 

animal studies have not yet employed a systematic approach to investigate the effects of MNPs. 

In this regard, the effects of primary versus secondary MNPs, specific size ranges 

(microplastics, submicroplastics, and nanoplastics), and different chemical compositions 

should be analyzed and compared more thoroughly. Another significant gap in current research 

is the involvement of MNPs in the pathogenesis of human MASLD, a topic that remains largely 

unexplored, with only a single pilot study providing initial insights [63]. This point is 

particularly relevant as animal MASLD models do not fully recapitulate the human disease 

clinically, biochemically, and histologically [76]. To achieve this objective, two 

methodological approaches can be pursued. First, following the methodology outlined by 
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Horvatits et al., the presence and characteristics of MNPs should be investigated in biopsy liver 

tissue samples obtained from patients within MASLD/MASH [28]. However, while the 

authors’ approach was methodologically robust, the analysis of hepatic tissue using this 

techinque is time- consuming and challenging to standardize across different centers [28]. An 

appealing alternative is to quantify MNPs in human blood and analyze them cross-sectionally 

and longitudinally in relation to the presence and severity of MASLD, its histological 

characterization, and the risk of developing cirrhosis and HCC over time. In this regard, recent 

studies have successfully detected and quantified MNPs in human blood. In a seminal study, 

pyrolysis-gas chromatography/mass spectrometry (Py-GC-MS) was used to analyze blood 

samples from 22 healthy volunteers, identifying four high-production volume polymers: PET, 

PE, PS, and PMMA [77]. A more recent investigation optimized Py-GC-MS conditions to 

enhance method sensitivity and selectivity, detecting six high-production volume polymers in 

68 individuals, with PE being the predominant polymer detected [78]. Another study applied 

micro-Fourier Transform Interferometer microscopy to identify and characterize microplastic 

polymers in blood samples from 20 healthy individuals, detecting 24 different polymer types in 

90% of participants [79]. These findings collectively substantiate the ubiquitous presence and 

quantifiability of MNPs in human blood. Although the advanced analytical techniques 

employed in these studies are not yet suitable for routine clinical laboratory applications, a work 

of Cao et al. has demonstrated the feasibility of generating PS-specific antibodies [80]. This 

breakthrough represents a promising avenue for the development of research-grade, user 

friendly immunoassays capable of detecting these plastic particles in standard biological 

specimens. Such advancements have the potential to bridge the gap between cutting-edge 

research methodologies and routine clinical research, thereby paving the way for a more 

comprehensive and accessible assessment of MNPs exposure. 
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4.4. MNPs as potential biomarkers in advanced fibrosis, cirrhosis progression and 

fibrosis reversibility 

The investigation of MNPs in blood is poised to be particularly significant in the context 

of advanced liver disease, offering potential insights into disease progression and prognosis. 

This emerging field of study may provide valuable biomarkers for predicting clinical outcomes 

in cirrhosis. In the natural history of this condition, patients may remain in a compensated state 

for extended periods, with disease progression varying considerably among individuals [81]. 

This heterogeneity is primarily influenced by the persistence of underlying liver damage and 

the presence of multiple pathogenic factors [82]. Given the substantial interindividual 

differences in the risk of decompensation, investigating whether persistently elevated levels or 

specific types of MNPs could serve as reliable biomarkers for predicting decompensation is a 

promising avenue of research [83]. Moreover, the potential role of MNPs in cirrhosis 

reversibility warrants exploration. Although traditionally considered irreversible, mounting 

evidence suggests that cirrhosis reversal – characterized by a reduction in fibrosis score on 

biopsy samples – can occur under certain conditions [84]. However, the precise triggers and 

thresholds that determine when cirrhosis becomes irreversible remain poorly understood [85]. 

Assessing the role of MNPs in this process is crucial, as it may provide novel insights into the 

key factors influencing the progression and potential regression of cirrhosiss over time. 

4.5. MNPs and hepatocellular carcinoma: a new frontier 

In light of previous evidence, we believe that investigating MNPs in blood could be 

valuable in HCC research, with potential applications across the spectrum of disease 

management, from prevention to treatment. Given the preclinical evidence demonstrating that 

MNPs can exacerbate liver injury under infectious conditions [69] and complicate underlying 

metabolic stress [52-54], a primary research focus could be quantifying blood MNPs levels in 
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vulnerable populations such as patients with chronic viral hepatitis and MASLD to assess their 

relationship with HCC incidence in the future. While data on the association between MNPs 

and HCC incidence are currently very limited, investigations into MNP concentrations and their 

relationship with metastasis-free and overall survival in HCC cases may reveal novel 

biomarkers and open new research directions. The currently established markers, such as α-

fetoprotein used in HCC surveillance, also have significant limitations; therefore, further 

investigations to establish other biomarkers could be highly beneficial  [86]. A better 

understanding of the complex interactions between MNPs and HCC may contribute to the 

development of innovative therapeutic strategies. If certain types or patterns of MNPs are found 

to be associated with adverse outcomes, it is possible that interventions targeting their 

accumulation or effects could be explored. Notably, incorporating MNP analysis into HCC 

management would be consistent with the ongoing shift toward precision medicine in 

hepatology [87, 88]. By integrating data on MNPs with other biomarkers and clinical 

parameters, clinicians may enhance risk stratification, optimize treatment selection, and 

improve monitoring of disease progression, thereby advancing our capacity to combat this 

aggressive malignancy. It should be acknowledged that this is a nascent research area, and 

substantial work remains before MNPs can be regarded as a prognostic biomarker in this 

context. 

5. LIMITATIONS 

 In this review, we provided a comprehensive overview of the literature on MNPs and 

their role in liver damage, with a focus on MASLD and advanced liver injury. The strength of 

this narrative review lies in its broad search strategy, covering multiple databases—including 

PubMed/MEDLINE, Web of Science, Scopus, and Google Scholar—and focusing on studies 

from the past decade, representing the most recent period in the field. On the other hand, most 
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of our current knowledge is derived from animal studies, with only a small proportion coming 

from human studies, which themselves have included very limited numbers of patients. 

Therefore, our interpretation of the data should be viewed with caution.  

6. CONCLUSION 

In conclusion, although substantial progress has been made in elucidating the 

hepatotoxic effects of micro- and nanoplastics in experimental models, their role in human 

MASLD and advanced liver conditions such as cirrhosis and HCC remains largely unexplored. 

Bridging these knowledge gaps will necessitate a multidisciplinary approach, integrating 

environmental science, epidemiology, toxicology, molecular biology, and hepatology. 

Considering the global rise in both plastic pollution and advanced liver diseases, this area of 

research offers  significant potential for advancing public health outcomes. 
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TABLE 1. Search strategy 

 

Variable Specification 

Search date November 1, 2024 

Databases PubMed/MEDLINE, Web of Science, Scopus, Google Scholar 

Search terms “microplastics,” “nanoplastics,” “liver,” “hepatic,” “metabolic dysfunction- 

associated steatotic liver disease,” “non-alcoholic fatty liver disease,” “advanced 

liver disease,” “cirrhosis,” and “hepatocellular carcinoma” 

Timeframe January 1, 2014, to November 1, 2024 

Inclusion and 

 

exclusion criteria 

Inclusion: original studies, review articles; Exclusion: case reports, conference 

 

abstracts, articles not published in the English language 

Selection process Preliminary screening of titles and abstracts, followed by full-text screening and 

 

narrative synthesis of key data extracted from eligible studies. 
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Figure legends 

FIGURE 1. Classification of micronanoplastics. Created with Biorender.com 

FIGURE 2. Schematic representation of the direct and indirect mechanisms of 

hepatotoxicity  induced by micronanoplastics. The indirect effect occurs through gut 

dysbiosis, characterized by an imbalance in gut microbiota. This leads to the translocation of 

endotoxins via the portal vein to the liver, resulting in hepatic inflammation. Direct effects 

include oxidative stress, inflammation, mitochondrial dysfunction, activation of hepatic 

stellate cells, bile acid disruption, and immunotoxicity. Created with Biorender.com 

 


