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Introduction: Microplastics exposure is increasingly recognized as a significant contributor to oxidative stress, prompting growing concerns about potential human health impacts. This study aimed to systematically analyze emerging research trends and key thematic areas related to oxidative stress induced by microplastics, providing insights that could inform effective antioxidant-based interventions.
Methods: A total of 1,820 relevant articles published between 2010 and 2024 were retrieved from the Web of Science Core Collection. Bibliometric techniques, including Latent Dirichlet Allocation (LDA), keyword co-occurrence analysis, and temporal regression modeling, were employed to analyze thematic structures, keyword relationships, and research development patterns.
Results: Analysis revealed a notable increase in research volume over the study period, particularly highlighting health risk assessments and molecular mechanisms as focal points. Oxidative stress was identified as a central mediator linking inflammation, gut microbiota alterations, and apoptotic pathways. Clustering analyses demonstrated significant interdisciplinary connections, underscoring complex interactions across multiple biological systems. Additionally, temporal analysis indicated a recent surge in studies emphasizing health risk evaluations and potential antioxidant interventions.
Discussion: The findings emphasize oxidative stress as a crucial mechanism in microplastics-induced toxicity, suggesting dietary antioxidants, such as zinc and N-acetylcysteine, could mitigate associated health risks. This study provides valuable perspectives to guide future research directions and public health strategies aimed at addressing microplastics exposure.
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1 INTRODUCTION
Plastic products, prized for their low cost and durability, have become indispensable in modern production and consumption (Kwesiga, 2018; Naser et al., 2021). However, the pervasive use of plastics has precipitated an environmental crisis (Black et al., 2019; Jawaid et al., 2023), with global plastic consumption predicted to exceed 800 million tons by 2050 (Tan et al., 2024). The degradation of plastic waste through physical, chemical, and biological processes generates microplastics (MPs, 1–5 mm) and nanoplastics (NPs, 1–100 nm), posing significant threats to ecosystems and human health (Jahnke et al., 2017). Microplastics have been detected across the marine environment, freshwater systems, and even in remote regions like the Arctic (Kutralam-Muniasamy et al., 2023). Alarmingly, recent studies have also identified nanoplastics in human tissues, including the placenta, breast milk, blood, and kidneys, highlighting their pervasive presence and potential toxicity (Malafaia and Barceló, 2023).
The environmental and health risks posed by microplastics have become an urgent global concern. Microplastics disrupt marine ecosystems by altering food webs and biogeochemical cycles, and ingestion of microplastics by marine organisms leads to bioaccumulation and biomagnification (Ricciardi, et al., 2021; Yu, et al., 2021; Li, et al., 2023). From a human health perspective, nanoplastics penetrate cells through mechanisms such as endocytosis, phagocytosis, or passive diffusion, triggering oxidative stress—a key driver of their toxicological effects (Khan and Jia, 2023). Oxidative stress occurs when the production of reactive oxygen species (ROS) exceeds the neutralizing capacity of the body’s antioxidant defenses (Albano et al., 2022; Shchulkin et al., 2024; Hong et al., 2024), resulting in damage to DNA, RNA, proteins, and lipids (Assi, 2017; Goffart et al., 2021; Lichtenberg et al., 2023). This condition has been linked to a variety of health outcomes, including aging (Jomová et al., 2023), tumorigenesis (Acevedo-León et al., 2022), and neurological disorders (Formichi et al., 2012; Wei and Xu, 2023). Although the effects of microplastics on human health play a key role, the exact mechanisms by which microplastics induce oxidative stress are still not fully understood, especially in the context of long-term exposure and multisystem interactions.
Recent advances in bibliometric analysis provide a powerful tool for synthesizing research trends and identifying knowledge gaps in emerging fields. By systematically mapping the research landscape of microplastics-induced oxidative stress, bibliometric methods can provide a deeper understanding of research hotspots and topic evolution (Liu, et al., 2024). Techniques such as latent Dirichlet assignment (LDA) modeling and keyword co-occurrence analysis reveal temporal trends and thematic connections, providing a comprehensive overview of developments in the field. These approaches also highlight key gaps, such as the limited exploration of the mechanisms by which nanoplastics affect human health, and the underrepresentation of long-term ecological impacts in current studies.
This study aims to provide a systematic analysis of the research landscape on oxidative stress induced by microplastics exposure, focusing on publication trends, keyword associations, and thematic evolution from 2010 to 2024. By identifying research hotspots and future directions, this work offers valuable insights for addressing the health risks associated with microplastics and for shaping interdisciplinary research, policy development, and innovative mitigation strategies. Additionally, the findings provide a theoretical basis for formulating effective antioxidant interventions, which hold promise for reducing the adverse health impacts of microplastics exposure. This research not only contributes to the field of environmental toxicology but also informs policies aimed at reducing plastic production and enhancing waste management.
Unlike previous bibliometric reviews that broadly assessed microplastics toxicity, this study specifically focuses on oxidative stress mechanisms and their implications for human health. By employing advanced topic modeling and trend analysis, we provide a refined thematic structure and highlight emerging research gaps that warrant further exploration.
2 DATA AND METHODS
2.1 Data sources and search strategy
The data for this study were obtained from the Web of Science Core Collection databases, specifically the Science Citation Index Expanded (SCIE) and Social Science Citation Index (SSCI), covering publications from 1 January 2010, to 31 October 2024. We included articles of types “article” and “review article,” using the search strategy: TS= (Microplastics OR Nanoplastics) AND (Oxidative Stress). After removing duplicates and performing manual screening, a total of 1,820 studies directly related to microplastics-induced oxidative stress were selected for analysis.
The explicit inclusion and exclusion criteria to ensure relevance and scientific rigor were as follows:
Inclusion criteria: 1) Studies published as original research articles or review articles. 2) Studies explicitly examining oxidative stress as a key research outcome following expoure to microplastics or nanoplastics. 3) Studies conducted between 1 January 2010, and 31 October 2024.
Exclusion criteria: 1) Studies not directly investigating oxidative stress as a primary endpoint. 2) Studies exclusively investigating macroplastics or plastic additives without specific reference to microplastics or nanoplastics. 3) Environmental exposure assessments not directly addressing oxidative stress responses. 4) Conference abstracts, editorials, letters, books, or other non-peer-reviewed publications.
2.2 Analytical methods
Three complementary analytical approaches were employed to investigate research hotspots and trends in Microplastics-induced oxidative stress.
2.2.1 LDA topic modeling analysis
Latent Dirichlet Allocation (LDA) modeling was applied to the titles, abstracts, and keywords of the selected articles. This machine-learning-based method systematically classifies textual data into latent themes, enabling the identification of major research topics and their temporal evolution (Chen and Gui, 2021). The LDA modeling process provided insights into the thematic structure and dynamics of the field, highlighting emerging areas of interest and evolving trends (Zhang et al., 2023).
2.2.2 Keyword co-occurrence analysis
Keyword co-occurrence analysis was performed using VOSviewer software. This method visualized co-occurrence networks, revealing high-frequency keywords and their associations. The co-occurrence network helped to identify the structural relationships between keywords and confirmed the thematic clusters identified through LDA modeling. This analysis offered a deeper understanding of research interconnections and the field’s evolving landscape (Saputro et al., 2023).
2.2.3 Linear regression trend analysis
Temporal trends were analyzed using a linear regression model, based on the themes identified by LDA modeling. Five-time intervals were defined for the analysis: 2010–2012, 2013–2015, 2016–2018, 2019–2021, and 2022–2024. The time intervals served as the independent variable, while publication volume for each theme was the dependent variable. Themes with statistically significant positive regression coefficients (p < 0.05) were classified as hot topics, reflecting increasing attention. Conversely, themes with negative coefficients or insignificant results were deemed cold topics, indicating waning interest. This approach provided insights into the dynamic trajectory of Microplastics and oxidative stress research over time.
2.3 Data management and statistical analysis
EndNote software was utilized for literature management tasks, including deduplication, classification, and archiving. Python programming was employed for quantitative analyses, including publication trend analysis, LDA topic modeling, and linear regression modeling. VOSviewer software was used to generate keyword co-occurrence maps, offering visual insights into the structural patterns and interconnections within the field.
The integration of these analytical methods produced a comprehensive overview of research hotspots, emerging trends, and thematic dynamics in Microplastics-induced oxidative stress. By combining quantitative statistical results with detailed visualizations, this study provided a robust framework for understanding the development and future directions of this rapidly evolving field.
3 RESULTS
3.1 Global publication trends in microplastics-induced oxidative stress research
Figure 1 illustrates the annual publication trends and cumulative proportions of global research on Microplastics-induced oxidative stress from 2010 to 2024. During the initial phase (2010–2018), research activity in this field was relatively sparse, with fewer than 50 articles published annually. This limited output suggests that the topic was in its nascent stages, receiving minimal attention from the scientific community at the time.
[image: Figure 1]FIGURE 1 | Global publication trends in microplastics-induced oxidative stress research from 2010 to 2024, based on articles indexed in the Web of Science Core Collection.
A significant surge in research activity has been evident since 2019, with particularly rapid growth observed after 2020. Annual publication counts increased markedly from 120 in 2020 to a projected 561 by the end of 2024. The cumulative proportion of publications (indicated by the orange dashed line in Figure 1) demonstrates that over 75% of all articles in this domain were published after 2020. This exponential growth underscores a sharp increase in global research interest, driven by heightened awareness of Microplastics pollution and its potential health impacts.
The observed trend highlights the growing recognition of oxidative stress as a central toxicological mechanism in Microplastics exposure, which has spurred an urgent need for further investigation. This surge in publications aligns with broader efforts to address pressing environmental and health challenges associated with Microplastics. The dramatic increase in research output since 2020 reflects not only advancements in detection technologies and methodological frameworks but also the prioritization of this topic in academic and policy-making circles. These findings underscore the critical importance of Microplastics-induced oxidative stress research in shaping future intervention strategies and mitigating associated risks.
To provide a comprehensive understanding of the identified research trends, we synthesized the relationships among the key themes. The integration of molecular mechanism studies (Topic 3) with health risk assessments (Topic 5) reveals that oxidative stress acts as a crucial intermediary linking microplastics exposure to adverse biological outcomes. Specifically, molecular-level investigations provide mechanistic insights into how oxidative stress influences cellular apoptosis, inflammation, and immune dysregulation, while health risk assessments contextualize these findings in terms of human disease outcomes, including metabolic disorders and systemic toxicity. This integration underscores the necessity of a multidisciplinary approach that bridges molecular toxicology with epidemiological research to develop effective mitigation strategies and policy interventions.
3.2 Academic citation network of highly cited authors in microplastics research
Figure 2 provides a panoramic view illustrating the academic citation network of highly cited authors in the microplastics research field. This visualization facilitates a deeper understanding of author relationships and influence patterns within this research area. Two notable characteristics emerge clearly from Figure 2: Firstly, the central region of the network highlights authors with substantial citation counts. These individuals often hold significant scholarly influence, serving as leading figures or pioneers within the microplastics research domain. Secondly, the peripheral areas showcase emerging scholars whose citation counts are relatively lower. Although their immediate impact is modest, these emerging researchers represent future potential and growth within the field.
[image: Figure 2]FIGURE 2 | Academic citation network of highly cited authors in the field of microplastics-induced oxidative stress (2010 -2024), illustrating key contributors and collaborative clusters.
Moreover, Figure 2 reveals distinct author clusters reflecting interdisciplinary research trends, demonstrating a clear intersection among various scientific disciplines. The presence of these clusters indicates specialized research areas and highlights interdisciplinary collaboration, as well as areas of particular research depth and focus. Analyzing these clusters helps identify current research priorities and promising future directions within microplastics research.
3.3 Major research themes and trends in microplastics-induced oxidative stress
The Latent Dirichlet Allocation (LDA) model identified eight primary research themes in publications on Microplastics-induced oxidative stress from 2010 to 2024 (Table 1). These themes are grouped into three broad categories: ecotoxicity, molecular mechanisms, and health risks, underscoring the multidisciplinary nature of this research field. Among these, Topic 2, Topic 3, and Topic 5 specifically address oxidative stress mechanisms, forming the central axis of research into Microplastics toxicity and its health implications.
TABLE 1 | Eight research themes identified through LDA modeling in the field of Microplastics-induced oxidative stress research (2010–2024).
[image: Table 1]3.3.1 Ecological impact (topic 1) and health risks (topic 2)
Topic 1 (Ecological Impact; 17.31%): This theme is the most prominent, focusing on the migration, accumulation, and ecotoxicity of Microplastics in freshwater and marine ecosystems. Studies emphasize the oxidative stress-induced effects of Microplastics on aquatic organisms, particularly fish, highlighting oxidative stress as a critical pathway driving ecosystem-level toxicity. These findings reveal the potential threat of Microplastics to aquatic biodiversity and ecosystem health, illustrating their far-reaching ecological consequences.
Topic 2 (Health Risks; 15.49%): This theme investigates the oxidative stress-related health risks of Microplastics exposure in humans. Research centers on key areas such as gut microbiota dysbiosis and metabolic disorders, with an increasing focus on chronic disease development linked to oxidative stress. The shift from ecological impacts to human health risks reflects growing recognition of the broader implications of Microplastics exposure, particularly its contribution to long-term health challenges.
3.3.2 In-depth research on molecular mechanisms (topic 3 and topic 5)
Topic 3 (Molecular Mechanisms; 13.68%): This theme delves into the molecular basis of Microplastics toxicity, particularly the role of oxidative stress in inducing cellular damage and activating antioxidant defenses. Studies explore cellular responses in model organisms (e.g., fish), the regulatory roles of antioxidants, and the involvement of signaling pathways such as ROS-mediated mechanisms. These investigations provide critical insights into the fundamental biological processes underlying Microplastics-induced oxidative stress.
Topic 5 (Health and Immune Responses; 10.71%): Extending molecular research to health impacts, this theme emphasizes oxidative stress-induced immune responses. Studies highlight the interplay between oxidative stress and immune function, with a focus on the regulation of antioxidants and biomolecules. Findings suggest oxidative stress as a pivotal mediator linking Microplastics exposure to systemic health effects, including immune dysregulation and chronic inflammation. These results advance understanding of the systemic consequences of Microplastics exposure, providing a foundation for mitigating associated health risks.
3.3.3 Publication trends across research theme
Figure 3 depicts the publication trends of eight identified research themes in the field of Microplastics-induced oxidative stress between 2010 and 2024. The overall research activity in this domain has shown consistent growth, with a notable acceleration after 2019, underscoring the field’s rapid development and increasing prominence in environmental and health sciences.
[image: Figure 3]FIGURE 3 | Publication trends of eight major research themes related to microplastics-induced oxidative stress from 2010 to 2024, derived from topic modeling analysis.
Topic 1 (Ecological Impacts) and Topic 2 (Gut Microbiota and Health Risks) consistently recorded high publication volumes, indicating sustained academic interest in the oxidative stress mechanisms underpinning ecosystem toxicity and human health impacts. These themes highlight the dual focus of research on the environmental and physiological consequences of Microplastics exposure.
Topic 3 (Molecular Mechanisms) and Topic 5 (Health Risk Assessment) reflect a deeper exploration of cellular and systemic toxicity mechanisms, with an emphasis on oxidative stress-induced immune dysregulation and biomolecular damage. These topics underscore the centrality of oxidative stress as a pivotal mechanism linking Microplastics exposure to adverse biological outcomes, providing a foundation for targeted mitigation strategies.
Emerging themes, including Topic 7 (Neurotoxicity and Reproductive Health) and Topic 8 (Behavioral Impacts), illustrate the expanding scope of research. These themes address the potential risks of Microplastics exposure on neurotoxicity, reproductive health, and behavioral alterations, marking a shift towards multidimensional evaluations of health risks. The exploration of such novel areas reflects growing recognition of the complex and systemic nature of Microplastics-induced oxidative stress, paving the way for comprehensive intervention strategies to mitigate its impacts. Although microplastics’ role in neurotoxicity and reproductive health has been recognized, there is still a lack of long-term exposure assessments and standardized experimental models. Future research should aim to refine exposure quantification methods and develop human-relevant in vitro systems to better elucidate microplastics’ systemic effects.
This thematic evolution highlights the need for an integrated research approach that not only maps emerging trends but also strengthens interdisciplinary collaboration between toxicology, epidemiology, and regulatory science. Such integration will enable more precise identification of risk factors and inform the development of targeted intervention strategies.
3.4 Keyword co-occurrence
To identify research hotspots and relational networks in microplastic-induced oxidative stress, a keyword co-occurrence analysis was conducted using VOSviewer software, focusing on Topic 2 (Gut Microbiota and Health Risks), Topic 3 (Molecular Mechanisms), and Topic 5 (Health Risk Assessment). This analysis highlighted keywords associated with gut microbiota imbalance, mitochondrial dysfunction, inflammatory pathways, and antioxidant defense systems, offering valuable insights for antioxidant intervention strategies, including zinc and N-acetylcysteine.
3.4.1 Oxidative stress in gut health and toxicity mechanisms
Figure 4 illustrates the keyword co-occurrence network for Topic 2, with terms such as “Microplastics,” “oxidative stress,” “toxicity,” and “inflammation” emerging as core nodes. These nodes reflect their centrality and interconnectedness within the research field. Notably, “oxidative stress” demonstrated strong associations with keywords such as “inflammation,” “metabolism,” and “gut microbiota,” emphasizing its critical role in gut microbiota imbalance and metabolic disorders, aligning with Topic 2’s focus on gut health.
[image: Figure 4]FIGURE 4 | Keyword co-occurrence network highlighting oxidative stress-related research in gut health and toxicity mechanisms.
The keyword co-occurrence network reveals three distinct clusters that highlight the diverse research focus areas in microplastics-induced oxidative stress. The red cluster centers on “gut microbiota” and “metabolism,” emphasizing the impacts of microplastics on gut microbiota imbalance and the associated metabolic disorders. The green cluster focuses on “oxidative stress” and “toxicity,” underscoring oxidative stress as a fundamental mechanism driving microplastics toxicity, particularly through pathways involving inflammation and mitochondrial damage. The blue cluster concentrates on “apoptosis” and “cytotoxicity,” shedding light on molecular mechanisms such as cell apoptosis and gene damage induced by microplastics exposure. Together, these clusters underscore the multifaceted nature of oxidative stress in mediating the toxic effects of microplastics across different biological systems.
The findings in Figure 4 underscore the pivotal role of oxidative stress in shaping metabolic health, gut microbiota balance, and toxicity mechanisms. Building on these results, future research will aim to further elucidate the regulatory role of oxidative stress in metabolic disorders and gut microbiota imbalance. Additionally, continued exploration of antioxidant intervention strategies, such as the application of zinc and N-acetylcysteine, holds promise for mitigating the toxic effects of microplastics exposure.
3.4.2 Molecular mechanisms of microplastics-induced oxidative stress
Figure 5 illustrates the keyword co-occurrence network for Topic 3, shedding light on the research hotspots in molecular mechanisms related to Microplastics-induced oxidative stress. Centered around “oxidative stresses,” the network comprises multiple clusters, reflecting diverse research directions in cellular damage, oxidative stress defence, and toxicity mechanisms.
[image: Figure 5]FIGURE 5 | Keyword co-occurrence network focusing on molecular mechanisms underlying microplastics-induced oxidative stress.
Keyword Analysis: “Oxidative stresses” emerges as the central node, exhibiting strong associations with keywords such as “toxicity,” “inflammation,” “cytotoxicity,” and “apoptosis,” underscoring its role as a pivotal mechanism in microplastic-induced cellular toxicity. “Microplastics” and “Microplastics” are closely linked to terms like “exposure,” “bioaccumulation,” and “pollution,” highlighting the impact of environmental exposure and biological accumulation on cellular damage. Additionally, “antioxidant” frequently co-occurs with “lipid peroxidation” and “stress,” emphasizing the potential of antioxidants in mitigating oxidative stress and its related effects.
The keyword co-occurrence network reveals three distinct clusters that represent key research directions in molecular mechanisms related to microplastics-induced oxidative stress. The green cluster focuses on oxidative stress and bioaccumulation-induced toxicity, emphasizing the harmful effects of microplastics exposure on biological systems. The red cluster examines the migration and accumulation of microplastics and their subsequent impact on gene expression and cell proliferation, highlighting critical pathways of cellular disruption. The blue cluster delves into molecular mechanisms such as inflammation, apoptosis, and gene damage, providing insights into the cellular and genetic consequences of microplastics toxicity. Together, these clusters underscore the multifaceted nature of microplastics-induced oxidative stress and its systemic impacts.
Figure 5 reflects a paradigm shift in Microplastics research from traditional toxicity assessments to an in-depth exploration of molecular mechanisms. This evolution provides a robust foundation for future studies on the regulatory role of antioxidants in managing oxidative stress. To advance the field, future research should further analyze interconnections between keywords, refining the understanding of antioxidant mechanisms and offering a scientific basis for mitigating health risks associated with microplastics exposure.
3.4.3 Health risks and antioxidant strategies
Figure 6 illustrates the keyword co-occurrence network for Topic 5, highlighting key research hotspots and interconnections in the study of health risks associated with microplastic-induced oxidative stress. The network centers on “oxidative stresses,” “microplastics,” and “Microplasticss,” with clusters focusing on toxicity mechanisms, health risk assessment, and antioxidant defenses. This reflects the extensive and multifaceted nature of research in this field.
[image: Figure 6]FIGURE 6 | Keyword co-occurrence network illustrating research trends related to health risks and antioxidant intervention strategies.
Core Keywords and Associations: “Oxidative stresses” emerges as the central node, showing strong associations with keywords such as “inflammation,” “apoptosis,” and “biomarkers,” underscoring its pivotal role in health risk assessment and cellular toxicity. “Microplastics” and “Microplasticss” are closely connected to “exposure” and “pollution,” emphasizing the significant health risks arising from environmental exposure and bioaccumulation. The frequent co-occurrence of “antioxidant” highlights the growing importance of antioxidant research in mitigating oxidative stress and its related health risks, providing a robust theoretical foundation for intervention strategies.
The keyword co-occurrence network reveals three primary clusters that reflect distinct research directions in the study of health risks associated with microplastic-induced oxidative stress. The red cluster focuses on “oxidative stresses” and “toxicity,” addressing microplastic-induced inflammation, apoptosis, and oxidative stress-related biomarkers as critical indicators of cellular damage. The green cluster centers on “pollution” and “bioaccumulation,” highlighting the impact of microplastics on gut microbiota imbalance and metabolic disorders through pathways of bioaccumulation. The blue cluster concentrates on “apoptosis” and “inflammation,” delving into Microplastics-induced cellular damage and alterations in gene expression, offering insights into the molecular mechanisms underlying these processes. Together, these clusters illustrate the multifaceted nature of oxidative stress and its systemic implications for health.
Figure 6 underscores the critical role of oxidative stress as an indicator for assessing health risks linked to microplastics exposure. The increasing focus on antioxidant interventions reflects their potential to mitigate these risks by targeting oxidative stress pathways. Future research should delve deeper into the molecular mechanisms underlying oxidative stress and evaluate the multisystem protective effects of antioxidants, offering essential guidance for optimizing health intervention strategies and reducing the adverse impacts of microplastics exposure.
3.5 Linear regression analysis
Table 2 presents the trends in the popularity of eight research themes in Microplastics-induced oxidative stress from 2010 to 2024, as determined by linear regression analysis. Regression coefficients (r values) and significance levels (P values) were employed to evaluate the growth dynamics of each theme, distinguishing between hot and cold topics in the field.
TABLE 2 | Hot and cold topics in Microplastics-induced oxidative stress research (2010–2024).
[image: Table 2]3.5.1 Hot topics
Topic 2 (Gut Microbiota and Health Risks) emerged as the most prominent research hotspot, achieving the highest regression coefficient during 2021–2024 (r = 20.2, P < 0.05). This trend underscores a growing academic focus on gut microbiota imbalance and metabolic disorders caused by microplastics exposure, particularly its oxidative stress-mediated mechanisms. Topic 3 (Molecular Mechanisms and Cellular Toxicity) has shown consistent growth since 2016, with a regression coefficient of 16.8 during 2021–2024 (P < 0.05). This reflects an expanding interest in understanding oxidative stress-induced cellular damage and the role of antioxidant defenses in mitigating microplastics toxicity. Topic 5 (Health Risk Assessment) experienced a significant surge in research activity during 2021–2024 (r = 12.4, P < 0.05), highlighting its emergence as a key area of study. Research in this theme focuses on the direct impacts of microplastic-induced oxidative stress on immune function, inflammatory responses, and metabolic disorders, providing a robust foundation for assessing the health risks associated with microplastics and their intervention potential.
3.5.2 Cold topics
Topic 7 (Neurotoxicity and Reproductive Health) has seen a decline in research activity since 2019, with a regression coefficient of 8.1 during 2021–2024 (P > 0.05), indicating reduced academic focus. Other themes, such as Topic 6 (Antioxidant Mechanism Research) and Topic 8 (Behavioral Impacts), demonstrated moderate research activity but lacked substantial growth, with regression coefficients below 10 and inconsistent significance levels across time periods.
However, it is important to note that the observed decline in publication volume for some cold topics may not necessarily indicate a decrease in their scientific relevance. Instead, these topics might be experiencing a temporary plateau due to shifts in research focus, methodological advancements, or funding priorities. For instance, while neurotoxicity and reproductive health effects of microplastics have received less attention in recent years, future studies incorporating novel analytical techniques or interdisciplinary approaches may reinvigorate interest in these areas. Similarly, antioxidant mechanism research, despite its slower growth, remains a critical component of microplastics toxicity mitigation and could see renewed focus as new antioxidant strategies emerge. Therefore, rather than interpreting these topics as diminishing in importance, they should be considered as potential areas for future exploration and development.
3.5.3 Evolution of research activity
From 2010 to 2018, research activity in Microplastics-induced oxidative stress was minimal, with regression coefficients near zero, reflecting the nascent stage of the field. However, since 2019, research activity has surged, driven primarily by advancements in Topic 2, Topic 3, and Topic 5. By 2021–2024, the research focus has diversified, moving beyond foundational studies on gut microbiota and metabolic disorders to encompass cellular toxicity mechanisms and broader environmental health impacts.
3.5.4 Future directions
Table 2 indicates that research in Microplastics-induced oxidative stress is progressing toward an interdisciplinary and mechanism-diversified approach. Future studies should prioritize hot topics such as Topic 2 and Topic 3 to deepen understanding of the oxidative stress pathways contributing to health risks. Additionally, the rapid growth of Topic 5 underscores the importance of developing antioxidant interventions to mitigate metabolic disorders and inflammatory biomarker expression, offering substantial potential for health risk mitigation strategies in the context of microplastics exposure.
4 DISCUSSION
This study highlights the evolutionary trajectory of the study of microplastics-induced oxidative stress, revealing its early developmental stage (2010–2018), low publication volume, and slow growth. During this period, microplastics pollution did not receive enough academic attention. However, there has been a surge in research activity since 2019 and an exponential increase after 2020, reflecting the global awareness of microplastics pollution and its associated health risks. Oxidative stress has become a central toxicological mechanism of the health effects of microplastics, driving this increased research interest.
Research trends indicate a shift in focus over time. Initial studies were primarily concerned with the environmental distribution and ecological impacts of microplastics (Cai et al., 2021; Sharma et al., 2021; Yang et al., 2021; Medyńska-Juraszek and Jadhav, 2022; Weber et al., 2023), whereas more recent investigations have expanded to address the potential threats to human health (Vethaak and Legler, 2021; Peng et al., 2022; Saadati et al., 2022; Sincihu et al., 2023; Zając et al., 2024). This transition underscores the growing awareness of the broader implications of microplastics exposure, prompting the academic community and policymakers to seek actionable insights.
Thematic analysis through LDA modeling identified eight primary themes, encompassing ecological toxicity, health risks, and molecular mechanisms. Topic 1 (Ecological Impacts) highlights the oxidative stress-mediated effects of microplastics on aquatic ecosystems, such as fish, underscoring the ecological dimensions of microplastics pollution. However, its link to dietary antioxidant interventions remains underexplored (Cuffaro et al., 2023; Wu Y. et al., 2023). Topic 2 (Health Risk Assessment) has rapidly gained prominence, emphasizing oxidative stress-induced gut microbiota imbalance and metabolic disorders. This offers a theoretical basis for interventions using dietary antioxidants like zinc and lipoic acid (Paramanik, 2018). Topic 3 (Molecular Mechanisms) delves into oxidative stress-induced apoptosis, gene damage, and inflammatory pathways, providing direction for targeted antioxidant strategies, including mitochondrial protection and anti-inflammatory measures (Rives et al., 2020). Emerging themes (Topic 7 and Topic 8) explore the impacts of microplastics on neurotoxicity, reproductive health, and behavioral changes, highlighting the need for further research into neural health protection and behavioral outcomes.
Overall, the research focus is transitioning from traditional ecological toxicity assessment to health risk assessment and molecular mechanism exploration. Oxidative stress is increasingly recognized as a central pathway (Facciolà et al., 2021; Chen et al., 2022; Haldar et al., 2023), providing opportunities for dietary interventions. Future studies should emphasize the application of antioxidants in multisystem protection and investigate their specific mechanisms for mitigating microplastic-induced health risks (Wu H. et al., 2023).
Through keyword co-occurrence analysis, this study unveils the core research directions and their associated networks in the field of microplastic-induced oxidative stress. The keyword network, centered around “oxidative stress,” “nanoplastics,” and “microplastics,” highlights the predominant role of oxidative stress as the central mechanism of microplastics toxicity. These keywords significantly co-occur with terms such as “inflammation,” “apoptosis,” “gut microbiota,” and “metabolism,” indicating the pivotal role of oxidative stress in inflammation, cellular apoptosis, metabolic disorders, and dysbiosis of the gut microbiota.
The results of the keyword co-occurrence analysis further emphasize oxidative stress as the central mechanism of microplastics toxicity. Keywords such as “inflammation,” “apoptosis,” “gut microbiota,” and “metabolism” prominently co-occur with “oxidative stress,” reflecting its pivotal role in driving systemic effects like inflammation, metabolic disorders, and gut microbiota dysbiosis. Cluster analysis revealed interconnected research directions: the red cluster focuses on inflammation and oxidative biomarkers, the green cluster on metabolic disorders and gut microbiota imbalance, and the blue cluster on cellular damage and apoptosis. This interconnected structure underscores the complexity of microplastics-induced oxidative stress and provides a roadmap for future investigations.
Future research should delve into oxidative stress-related molecular pathways, particularly the roles of dietary antioxidants in regulating inflammation and metabolic disorders (Idres et al., 2021; Wu H. et al., 2023). Additionally, research should expand to examine cross-system effects, such as the combined impacts of microplastics exposure on neural, gut, and metabolic systems, providing a comprehensive foundation for antioxidant-based intervention strategies.
The findings of this study have significant implications for plastic waste management policies and public health interventions. Given that oxidative stress has been identified as a central mechanism of microplastics toxicity, this insight can inform environmental regulations aimed at stricter control of plastic waste, reduction of single-use plastics, and enhancement of microplastics pollution monitoring. Furthermore, our findings suggest that antioxidant interventions hold promise in mitigating microplastic-induced oxidative stress, offering a potential avenue for public health strategies. Future policy efforts could consider integrating antioxidant-rich dietary recommendations into public health guidelines to mitigate the adverse effects of microplastics exposure. For instance, dietary supplementation with antioxidants such as zinc and N-acetylcysteine may help strengthen oxidative defense mechanisms and reduce health risks associated with microplastics exposure. As a result, an interdisciplinary approach is necessary—not only to advance the toxicological understanding of microplastics but also to shape regulatory measures that minimize environmental exposure and optimize public health interventions.
Despite significant progress, notable research gaps remain. The role of dietary antioxidants, such as zinc and N-acetylcysteine, in mitigating oxidative stress is underexplored. Furthermore, existing studies predominantly address single-system effects (e.g., gut or liver) (Grodzicki et al., 2021; Matthews et al., 2021; Haldar et al., 2023), with limited focus on cross-system interactions and the chronic health risks of prolonged microplastics exposure (Smith et al., 2018; Zhang et al., 2020). Investigating the combined impacts of microplastics exposure on neural, metabolic, and immune systems is essential to comprehensively understand its systemic effects.
This study provides a systematic bibliometric analysis and thematic exploration, revealing the core trends and research hotspots in microplastics-induced oxidative stress. The findings reaffirm the centrality of oxidative stress in microplastics toxicity mechanisms and highlight the promising potential of health risk assessments and antioxidant interventions. These insights not only advance the understanding of microplastic-induced health risks but also offer a scientific foundation for designing multi-systemic, collaborative intervention strategies to mitigate their impacts.
While the emergence of health risk assessment as a dominant theme aligns with increasing public and regulatory concerns, the prioritization of certain research topics may also reflect funding biases. Western countries, particularly those with strong environmental policies, are leading contributions to this field, potentially underrepresenting findings from developing regions. These factors should be considered when interpreting publication trends.
5 CONCLUSION
Through bibliometric analysis and LDA topic modeling, this study provides a comprehensive exploration of the research dynamics on microplastics-induced oxidative stress from 2010 to 2024. The findings reveal a significant surge in publication volume since 2019, reflecting growing global attention to the health and environmental risks posed by microplastics. Research hotspots have shifted over time, transitioning from ecological toxicity studies to a more nuanced focus on health risk assessment and molecular mechanism exploration. “Oxidative stress” has emerged as a central theme, closely associated with key concepts such as “inflammation,” “apoptosis,” and “gut microbiota,” highlighting its pivotal role in the toxicological effects of microplastics.
This study underscores the critical importance of health risk assessment (e.g., Topic 2 and Topic 5) in understanding the broader implications of microplastic exposure. It also highlights the promising potential of antioxidant interventions, such as dietary strategies, to mitigate oxidative stress-induced health risks. Recent studies have begun to explore the cross-system effects of microplastics exposure, particularly the interplay between the gastrointestinal, liver, neural, and immune systems. These studies suggest that oxidative stress not only disrupts gut microbiota homeostasis but also contributes to neuroinflammation, hepatic dysfunction, and immune dysregulation, leading to systemic health consequences. However, notable research gaps remain, particularly in the areas of cross-system interactions and the long-term impacts of microplastics exposure. Further interdisciplinary research is needed to comprehensively understand the mechanisms underlying these systemic effects and to develop targeted antioxidant strategies for mitigating multisystem toxicity. The role of dietary antioxidants, such as zinc and N-acetylcysteine, in providing multisystem protection warrants further investigation.
The findings of this study offer valuable insights into the complex and systemic effects of microplastics on human health and ecosystems. They provide a robust theoretical foundation for advancing antioxidant-based intervention strategies and encourage the development of multi-disciplinary approaches to address the health risks associated with microplastics exposure. By identifying current research gaps and emerging trends, this study lays the groundwork for future research directions, fostering a deeper understanding of the molecular and systemic impacts of microplastics and guiding efforts to mitigate their adverse effects. Furthermore, this bibliometric analysis serves as a strategic roadmap for guiding targeted interventions and policy initiatives aimed at mitigating microplastics’ health risks, reinforcing the significance of evidence-based decision-making in environmental health regulation.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
YY: Data curation, Formal Analysis, Software, Writing – original draft. YC: Software, Supervision, Validation, Visualization, Writing – review and editing. YG: Formal Analysis, Methodology, Writing – original draft. YJ: Formal Analysis, Methodology, Writing – original draft. FX: Conceptualization, Formal Analysis, Funding acquisition, Methodology, Project administration, Resources, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Yunnan Provincial Department of Science and Technology - Kunming Medical University Joint Research Fund for Basic Research Projects under Grant Number: 202401AY070001-070; Scientific Research Fund of the Yunnan Provincial Department of Education under Grant Number: 2023Y0612; Planned Graduate Research Project of the Scientific Research Fund of the Yunnan Provincial Department of Education and Key Laboratory of Public Health and Disease Prevention and Control of Yunnan Provincial Education Department.
ACKNOWLEDGMENTS
The authors would like to express their sincere gratitude to the Experimental Center for Preventive Medicine of the School of Public Health, Kunming Medical University, for their valuable contributions and support during the research and manuscript preparation.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Acevedo-León, D., Monzó-Beltrán, L., Pérez-Sánchez, L., Naranjo-Morillo, E., Gómez-Abril, S. Á., Estañ-Capell, N., et al. (2022). Oxidative stress and DNA damage markers in colorectal cancer. Int. J. Mol. Sci. 23 (19), 11664. doi:10.3390/ijms231911664
 Albano, G. D., Gagliardo, R., Montalbano, A. M., and Profita, M. (2022). Overview of the mechanisms of oxidative stress: impact in inflammation of the airway diseases. Antioxidants 11 (11), 2237. doi:10.3390/antiox11112237
 Assi, M. (2017). The differential role of reactive oxygen species in early and late stages of cancer. Am. J. Physiology-regulatory Integr. Comp. Physiology 313 (6), R646–R653. doi:10.1152/ajpregu.00247.2017
 Black, J., Köpke, K., and O’Mahony, C. (2019). Towards a circular economy: using stakeholder subjectivity to identify priorities, consensus, and conflict in the Irish EPS/XPS market. Sustainability 11 (23), 6834. doi:10.3390/su11236834
 Cai, Y., Li, C., and Zhao, Y. (2021). A review of the migration and transformation of microplastics in inland water systems. Int. J. Environ. Res. Public Health 19 (1), 148. doi:10.3390/ijerph19010148
 Chen, J., and Gui, S. (2021). Hybrid multisource feature fusion for the text clustering. arXiv Cornell Univ . 
 Chen, Q., Yu, M., Tian, Z., Cui, Y., Deng, D., Rong, T., et al. (2022). Exogenous glutathione protects IPEC-J2 cells against oxidative stress through a mitochondrial mechanism. Molecules 27 (8), 2416. doi:10.3390/molecules27082416
 Cuffaro, D., Digiacomo, M., and Macchia, M. (2023). Dietary bioactive compounds: implications for oxidative stress and inflammation. Nutrients 15 (23), 4966. doi:10.3390/nu15234966
 Facciolà, A., Visalli, G., Ciarello, M. P., and Di Pietro, A. (2021). Newly emerging airborne pollutants: current knowledge of health impact of micro and nanoplastics. Int. J. Environ. Res. Public Health 18 (6), 2997. doi:10.3390/ijerph18062997
 Formichi, P., Battisti, C., Radi, E., Di, M. G., and Federico, A. (2012). Apoptosis, oxidative stress and neurological disease. J. Siena Acad. Sci. 1 (1), 40. doi:10.4081/jsas.2009.40
 Goffart, S., Tikkanen, P., Michell, C., Wilson, T., and Pohjoismäki, J. L. O. (2021). The type and source of reactive oxygen species influences the outcome of oxidative stress in cultured cells. Cells 10 (5), 1075. doi:10.3390/cells10051075
 Grodzicki, W., Dziendzikowska, K., Gromadzka-Ostrowska, J., and Kruszewski, M. (2021). Nanoplastic impact on the gut-brain Axis: current knowledge and future directions. Int. J. Mol. Sci. 22 (23), 12795. doi:10.3390/ijms222312795
 Haldar, S., Muralidaran, Y., Míguez, D., Mulla, S. I., and Mishra, P. (2023). Eco-toxicity of nano-plastics and its implication on human metabolism: current and future perspective. Sci. Total Environ. 861, 160571. doi:10.1016/j.scitotenv.2022.160571
 Hong, Y., Boiti, A., Vallone, D., and Foulkes, N. S. (2024). Reactive oxygen species signaling and oxidative stress: transcriptional regulation and evolution. Antioxidants 13 (3), 312. doi:10.3390/antiox13030312
 Idres, Y. A., Tousch, D., Cazals, G., Lebrun, A., Naceri, S., Bidel, L., et al. (2021). A novel sesquiterpene lactone xanthatin-13-(pyrrolidine-2-carboxylic acid) isolated from burdock leaf up-regulates cells’ oxidative stress defense pathway. Antioxidants 10 (10), 1617. doi:10.3390/antiox10101617
 Jahnke, A., Arp, H. P. H., Escher, B. I., Gewert, B., Gorokhova, E., Kühnel, D., et al. (2017). Reducing uncertainty and confronting ignorance about the possible impacts of weathering plastic in the marine environment. Environ. Sci. Technol. Lett. 4 (3), 85–90. doi:10.1021/acs.estlett.7b00008
 Jawaid, M., Singh, B., Kian, L. K., Zaki, S. A., and Radzi, A. M. (2023). Processing techniques on plastic waste materials for construction and building applications. Curr. Opin. Green Sustain. Chem. 40, 100761. doi:10.1016/j.cogsc.2023.100761
 Jomová, K., Raptová, R., Alomar, S. Y., Alwasel, S., Nepovimová, E., Kuča, K., et al. (2023). Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic diseases and aging. Archives Toxicol. 97 (10), 2499–2574. doi:10.1007/s00204-023-03562-9
 Khan, A., and Jia, Z. (2023). Recent insights into uptake, toxicity, and molecular targets of microplastics and nanoplastics relevant to human health impacts. iScience 26 (2), 106061. doi:10.1016/j.isci.2023.106061
 Kutralam-Muniasamy, G., Shruti, V. C., Pérez-Guevara, F., and Roy, P. D. (2023). Microplastic diagnostics in humans: “The 3Ps” Progress, problems, and prospects. Sci. Total Environ. 856, 159164. doi:10.1016/j.scitotenv.2022.159164
 Kwesiga, D. (2018). Strategies for managing plastic waste from construction and manufacturing projects. Rwanda J. Eng. Sci. Technol. Environ. 1 (1). doi:10.4314/rjeste.v1i1.9s
 Li, X., Bao, L., Wei, Y., Zhao, W., Wang, F., Liu, X., et al. (2023). Occurrence, bioaccumulation, and risk assessment of microplastics in the aquatic environment: a review. Water 15 (9), 1768. doi:10.3390/w15091768
 Lichtenberg, D., Pinchuk, I., Yonassi, E., Weber, D., and Grune, T. (2023). Oxidative stress Is a concept, not an indication for selective antioxidant treatment. Antioxidants 12 (6), 1188. doi:10.3390/antiox12061188
 Liu, C., Samsudin, M. R., and Zou, Y. (2024). Emotional design of packaging: a bibliometric analysis. Stud. Media Commun. 12 (2), 172. doi:10.11114/smc.v12i2.6698
 Malafaia, G., and Barceló, D. (2023). Microplastics in human samples: recent advances, hot-spots, and analytical challenges. TrAC Trends Anal. Chem. 161, 117016. doi:10.1016/j.trac.2023.117016
 Matthews, S., Mai, L., Jeong, C. B., Lee, J. S., Zeng, E. Y., and Xu, E. G. (2021). Key mechanisms of micro- and nanoplastic (MNP) toxicity across taxonomic groups. Comp. Biochem. Physiology Part C Toxicol. and Pharmacol. 247 (0), 109056. doi:10.1016/j.cbpc.2021.109056
 Medyńska-Juraszek, A., and Jadhav, B. (2022). Influence of different microplastic forms on pH and mobility of Cu2+ and Pb2+ in soil. Molecules 27 (5), 1744. doi:10.3390/molecules27051744
 Naser, A. Z., Deiab, I., and Darras, B. M. (2021). Poly(lactic acid) (PLA) and polyhydroxyalkanoates (PHAs), green alternatives to petroleum-based plastics: a review. RSC Adv. 11 (28), 17151–17196. doi:10.1039/d1ra02390j
 Paramanik, A. (2018). Zinc and α-lipoic acid ameliorates testicular damage and oxidative stress in cypermethrin-intoxicated rat. Int. J. Adv. Res. 6 (8), 821–832. doi:10.21474/ijar01/7582
 Peng, L., Mehmood, T., Bao, R., Wang, Z., and Fu, D. (2022). An overview of micro(Nano)Plastics in the environment: sampling, identification, risk assessment and control. Sustainability 14 (21), 14338. doi:10.3390/su142114338
 Ricciardi, M., Pironti, C., Motta, O., Miele, Y., Proto, A., and Montano, L. (2021). Microplastics in the aquatic environment: occurrence, persistence, analysis, and human exposure. Water 13 (7), 973. doi:10.3390/w13070973
 Rives, C., Fougerat, A., Ellero-Simatos, S., Loiseau, N., Guillou, H., Gamet-Payrastre, L., et al. (2020). Oxidative stress in NAFLD: role of nutrients and food contaminants. Biomolecules 10 (12), 1702. doi:10.3390/biom10121702
 Saadati, F., Brito, W. A. D., Emmert, S., and Bekeschus, S. (2022). Optimized high-content imaging screening quantifying micronuclei formation in polymer-treated HaCaT keratinocytes. Nanomaterials 12 (24), 4463. doi:10.3390/nano12244463
 Saputro, D. R. S., Prasetyo, H., Wibowo, A., Khairina, F., Sidiq, K., Wibowo, G. N. A., et al. (2023). Bibliometric analysis of neural basis expansion analysis for interpretable time series (N-beats) for research trend mapping. Barekeng 17 (2), 1103–1112. doi:10.30598/barekengvol17iss2pp1103-1112
 Sharma, V. K., Ma, X., Guo, B., and Zhang, K. (2021). Environmental factors-mediated behavior of microplastics and nanoplastics in water: a review. Chemosphere 271, 129597. doi:10.1016/j.chemosphere.2021.129597
 Shchulkin, A. V., Abalenikhina, Y. V., Kosmachevskaya, O. V., Af, T., and Yakusheva, E. N. (2024). Regulation of P-glycoprotein during oxidative stress. Antioxidants 13 (2), 215. doi:10.3390/antiox13020215
 Sincihu, Y., Morina, S., Sudewi, N. P., Mulyasari, T. M., Ningrum, P. T. R., Steven, S., et al. (2023). Identifikasi Kelimpahan Partikel Mikroplastik pada Gula Pasir di Indonesia. CoMPHI J. 3 (3). doi:10.37148/comphijournal.v3i3.123
 Smith, M., Love, D. C., Rochman, C. M., and Neff, R. A. (2018). Microplastics in seafood and the implications for human health. Curr. Environ. Health Rep. 5 (3), 375–386. doi:10.1007/s40572-018-0206-z
 Tan, H., Othman, M. H. D., Chong, W. T., Kek, H. Y., Wong, S. L., Nyakuma, B. B., et al. (2024). Turning plastics/microplastics into valuable resources? Current and potential research for future applications. J. Environ. Manag. 356, 120644. doi:10.1016/j.jenvman.2024.120644
 Vethaak, A. D., and Legler, J. (2021). Microplastics and human health. Science 371 (6530), 672–674. doi:10.1126/science.abe5041
 Weber, C. J., Bastijans, J. E., Lügger, K., and Heller, C. (2023). Microplastic in long-term soil monitoring: first spatial and temporal data on plastics in agricultural topsoils. J. Soils Sediments 0 (0). doi:10.1007/s11368-023-03663-z
 Wei, J., and Xu, J. (2023). Oxidative stress in Wernicke’s encephalopathy. Front. Aging Neurosci. 15, 1150878. doi:10.3389/fnagi.2023.1150878
 Wu, H., Huang, N., Yang, Y. V., Li, F., Tang, T., Li, L., et al. (2023). Probucol mitigates high-fat diet-induced cognitive and social impairments through disruption of redox-inflammation association. bioRxiv Cold Spring Harb. Lab. 0 (0). doi:10.1101/2023.09.05.556289
 Wu, Y., Yao, Y., Bai, H., Shimizu, K., Li, R., and Zhang, C. (2023). Investigation of pulmonary toxicity evaluation on mice exposed to polystyrene nanoplastics: the potential protective role of the antioxidant N-acetylcysteine. Sci. Total Environ. 855, 158851. doi:10.1016/j.scitotenv.2022.158851
 Yang, H., He, Y., Yan, Y., Junaid, M., and Wang, J. (2021). Characteristics, toxic effects, and analytical methods of microplastics in the atmosphere. Nanomaterials 11 (10), 2747. doi:10.3390/nano11102747
 Yu, H., Chen, Q., and Shi, H. (2021). The bioaccumulation effects of microplastics and associated organic pollutants in the aquatic environment. Kexue tongbao 66 (20), 2504–2515. doi:10.1360/tb-2020-1426
 Zając, M., Kotyńska, J., and Naumowicz, M. (2024). Presence of MNPs in water environment—pathways of degradation and impact on organisms. Civ. Environ. Eng. Rep. 33 (4), 106–122. doi:10.59440/ceer/183460
 Zhang, Q., Xu, E. G., Li, J., Chen, Q., Ma, L., Zeng, E. Y., et al. (2020). A review of microplastics in table salt, drinking water, and air: direct human exposure. Environ. Sci. and Technol. 54 (7), 3740–3751. doi:10.1021/acs.est.9b04535
 Zhang, Y., Xie, Y., Shi, V., and Yin, K. (2023). Dynamic Characteristics and Evolution Analysis of Information Dissemination Theme of Social Networks under Emergencies. Behavioral Sciences . 13 (4), 282. doi:10.3390/bs13040282
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Yang, Chen, Gao, Jin and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fenvs-13-1555341-g005.gif





OPS/images/fenvs-13-1555341-g006.gif





OPS/images/fenvs-13-1555341-g003.gif
H

Number-of publications

o8 3588

Year





OPS/images/fenvs-13-1555341-g004.gif





OPS/images/fenvs-13-1555341-t001.jpg
Topic 1

Topic 2

Topic 3

Topic 4

Topic 5

Topic 6

Topic 7

Topic 8

Keywords

Plastic, fish, freshwater, response,
pollution, particle, health, marine,
aquatic, ingestion, water,
polyethylene, environment,
accumulation, debris

Cell, mouse, metabolism, gut,
microbiota, fish, accumulation,
damage, liver, mitochondrial,
apoptosis, human, particle, zebrafish,
intestinal

Response, zebrafish, fish, system, cell,
gene, antioxidant, growth, combined,
inflammation, pollution, mechanism,
carp, pathway, damage

Response, mussel, earthworm,
biomarkers, soil, cadmium, pollution,
accumulation, eisenia, pollutant,
mytilus, polyethylene, combined,
biomarker, antioxidant

Human, response, growth, cell,
health, impact, antioxidant, micro,
soil, sludge, plant, microbial, particle,
plastic, mechanism

Acid, combined, plastic, growth,
particle, liver, pathway, gut, size,
freshwater, zebrafish, water,
substance, mechanism, aeruginosa

Zebrafish, clegans, caenorhablitis,
intestinal, barrier, particle,
microbiota, damage,
nanopolystyrene, inflammation,
reproductive, neurotoxicity, gut,
apoptosis, pathway

Response, particle, cell, plastic,
mechanism, ingestion, water,
apoptosis, zebrafish, behavior,
damage, expression, environmental,
impact, health

Core content

Explores the migration and
accumulation of microplastics in
freshwater and marine ecosystems,
focusing on their oxidative stress-
mediated impacts on fish and
aquatic ecosystems

Investigates the effects of
microplastics on gut microbiota
alterations and their subsequent
impacts on metabolic health,
mitochondrial function, and
inflammatory responses

Examines cellular-level responses
of organisms, such as fish, to
microplastic exposure, focusing on
oxidative stress and antioxidant
defense mechanisms

Explores the effects of
‘microplastic-induced soil pollution
on indicator species such as
earthworms and mussels,
emphasizing their role as
biomarkers of ecological health

Analyzes the direct and indirect
health risks of microplastics on
humans, focusing on oxidative
stress and immune responses

Investigates the toxic effects of
microplastic pollutants on fish
organs, including the liver, gut, and
other tissues

Examines the impacts of
Microplasticss on aquatic
organisms, focusing on
inflammation, neurotoxicity, and
reproductive health risks

Explores the multifaceted impacts
of microplastic exposure on
behavior and cellular functions

Number of
publications

315

282

249

229

195

187

184

179

Proportion
(%)

17.31

1549

13.68

1258

1071

1027

1011

984

Analysis

“This theme represents a primary
research focus in the field,
reflecting growing concerns about
microplastics pollution and its
impacts on aquatic ecosystems

Microplastics are closely
associated with human health,
particularly in relation to
metabolic disorders and
alterations in gut microbiota

Focuses on molecular-level
responses, providing critical
insights into the mechanisms
underlying microplastic toxicity

Reflects the expanding focus of
research from aquatic to soil
ecosystems, highlighting the
synergistic effects of microplastics
on ecological health

Directly associated with human
health, this theme represents a
high-value direction with
significant application potential in
the field

Advances toxicological research at
the aquatic ecosystem level,
providing deeper insights into
microplastic-induced organ
toxicity

Highlights the toxic mechanisms
of Microplasticss, providing a basis
for refining risk assessments of
nanomaterials

Research on behavioral changes
remains limited, indicating
significant potential for further
exploration





OPS/images/fenvs-13-1555341-t002.jpg
2010-2012 2013-2015 2016-2018 2019-2021 2021-2024

v r v
] o - 0s . 25 - 170 s w0 - s | - )
B w = o 2 10 . 165 . 02 . s | 000
s 38 + 00 - 15 * 1no + 168 » 49 + 000 ‘
. o z -0s E s . s . 157 5 “ | o o0
s w - o - os . s . 124 . o . o0
s w - o : 10 . ss . s . |« o0
; o - ) - 2 - us - w = | - 290
i w = o = 30 . o . 150 . s |« ™

Nevosion Coallicliat ) HaoCold Toske: 4=





OPS/xhtml/nav.xhtml
Contents

		Cover

		Mapping research frontiers in microplastics-induced oxidative stress: a bibliometric analysis (2010–2024)		1 Introduction

		2 Data and methods		2.1 Data sources and search strategy

		2.2 Analytical methods

		2.3 Data management and statistical analysis





		3 Results		3.1 Global publication trends in microplastics-induced oxidative stress research

		3.2 Academic citation network of highly cited authors in microplastics research

		3.3 Major research themes and trends in microplastics-induced oxidative stress

		3.4 Keyword co-occurrence

		3.5 Linear regression analysis





		4 Discussion

		5 Conclusion

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Environmental Science

Mapping research frontiers in
microplastics-induced oxidative
stress: a bibliometric analysis
(2010-2024)





OPS/images/fenvs-13-1555341-g001.gif
‘Nemshor of puicationa’mtice

§ ¥ ¥ & 8

—

e 2002






OPS/images/fenvs-13-1555341-g002.gif
———









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Environmental Science





