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Purpose: To study the knowledge structure and evolution of oxidative stress in dry eye disease (DED) using bibliometrics and 
explore prospective anti-oxidative stress strategies for future clinical interventions.
Methods: The Web of Science Core Collection (WoSCC) was used as the data source to systematically retrieve and screen the 
research literature published between January 1, 1992, and December 31, 2024, related to oxidative stress research in DED. The data 
were then analyzed using VOSviewer, CiteSpace, and R package Bibliometrix to visualize the network of countries, organizations, 
journals, authors, and keywords related to oxidative stress in DED.
Results: A total of 491 publications were identified over a 30-year period from 1995 to 2024. There is a general upward trend in 
annual publications. The most prolific countries, institutions, journals and authors were China, KEIO UNIV, INVEST OPHTH VIS 
SCI, and TSUBOTA K, respectively. The keywords in this research field mainly focused on inflammation, ocular surface, antioxidants, 
lacrimal glands, cornea, reactive oxygen species. “Ferroptosis”, “nanoparticles”, “diabetic retinopathy”, “autophagy”, “meibomian 
glands”, and “NLRP3 inflammasome” are emerging research hotspots in recent years.
Conclusion: This study provides the first bibliometric approach to hot topics and emerging trends in the field of oxidative stress in 
DED. “Ferroptosis”, “nanoparticles”, “autophagy”, “NLRP3 inflammasome”, and so on are emerging directions being investigated in 
the field. Antioxidants in nanocarriers show promising applications. Clinical translation and international cooperation are the keys to 
future breakthroughs. Interdisciplinary collaboration should be strengthened to promote precision medicine and innovative therapy 
development.
Keywords: bibliometric analysis, CiteSpace, dry eye disease, oxidative stress, VOSviewer

Introduction
Dry eye disease (DED) is a multifactorial ocular surface disease characterized by an imbalance in tear film homeostasis, 
leading to symptoms such as ocular discomfort and visual impairment.1 The disease affects millions of people world
wide, particularly in the aged population, and the prevalence continues to rise due to population aging and increased 
exposure to screens.2

While multiple factors contribute to the pathophysiology of DED, oxidative stress has emerged as one of the key 
drivers and one link to the central mechanisms of the disease.3,4 Basically, it occurs due to the disrupted balance between 
the antioxidant and pro-oxidative systems.3 Oxidative stress directly/indirectly damages the lacrimal gland, meibomian 
glands, and the ocular surface through chemical oxidation (eg, lipid peroxidation).4–6 At the same time, inflammatory 
pathways such as nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) are activated, forming a vicious 
cycle of oxidation-inflammation, leading to reduced tear secretion, abnormal lipid composition, and decreased mucin 
expression, which ultimately exacerbate tear film instability and tear hyperosmolarity7,8 Prolonged exposure of the ocular 
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surface to environmental stresses such as ultraviolet radiation, air pollution, and dryness predisposes to oxidative 
damage.9 Systemic factors such as diabetes mellitus,10 autoimmune diseases, and aging can further exacerbate oxidative 
stress, leading to pathological changes such as decreased tear film stability and lipid layer abnormalities in patients with 
DED.3

In recent years, there has been an explosion of research into the role of oxidative stress in the pathogenesis of DED, 
the identification of relevant biomarkers, and targeted therapeutic strategies. These studies span the interdisciplinary 
fields of molecular biology, epigenetics, clinical ophthalmology, and biomaterials. Despite the proliferation of papers, 
researchers still face significant challenges in integrating existing evidence and identifying future directions due to the 
heterogeneity of research models and difficulties in the clinical translation of oxidative damage markers.

Bibliometric methods allow researchers to systematically identify high-impact studies, core authors/institutions, and 
emerging topics in their field. Such analyses not only reveal the evolutionary pulse of the discipline but also provide 
a basis for prioritizing the allocation of resources. This study conducted a bibliometric analysis of global research 
progress on oxidative stress in DED using VOSviewer and CiteSpace tools, with data extracted from the Web of Science 
Core Collection (WoSCC). The analysis focused on identifying yearly publication trends, mapping country/institution 
collaboration networks, evaluating author influence, and examining keyword co-occurrence and citation highlighting 
patterns. The research aims to elucidate the current knowledge framework and potential future breakthroughs in this field 
by constructing a scientific knowledge map. The findings are anticipated to offer data-driven insights for advancing basic 
research, informing clinical practice, and supporting evidence-based decision-making.

Methods
Data Collection
The data for this study were extracted from WoSCC on January 2, 2025. WoSCC is one of the most comprehensive, 
systematic, and authoritative databases widely used for bibliometric analysis.11 The search strategies for oxidative stress 
and DED were formulated based on an analysis of prior literature.12,13 (Table 1, see Tables S1-S4 for more details) 
Inclusion and exclusion criteria are shown in Figure 1. Each document contains titles, keywords, publication dates, 
journals, authors, countries, institutions, and citation count. Finally, data were downloaded from WoSCC in “Full Record 
and Cited References” and “Plain Text File” formats. PubMed identifiers (PMID) are provided to ensure accessibility for 
publications without DOIs.

Table 1 Keyword Sets and Search Strategy Used in the Study

Keyword Set #1

(oxidative NEAR/1 stress* OR oxidative AND nitrosative stress* OR oxidative NEAR/1 DNA damage* OR anti-oxidative stress* OR oxidative 
NEAR/1 cleavage* OR oxidative NEAR/1 damage* OR nitrative NEAR/2 oxidative NEAR/2 stress* OR stress, oxidative nitrative OR oxidative DNA 

damage* OR anti NEAR/2 oxidative NEAR/2 stress* OR stress*, anti-oxidative OR stress*, antioxidative OR oxidative NEAR/1 injury* OR 

oxidative nitrative stress* OR DNA oxidative damage* OR oxidative NEAR/2 stress NEAR/2 injur* OR injury, oxidative stress* OR stress injur*, 
oxidative OR nitro NEAR/2 oxidative NEAR/2 stress* OR stress* NEAR/1 nitro-oxidative OR oxidative DNA damage* OR nitro-oxidative stress* 

OR nitrosative stress* OR stress*, nitrosative OR Protein NEAR/1 Carbamylation OR Protein NEAR/1 Carbonylation)

Keyword Set #2

(Reactive Oxygen Species OR ROS OR Reactive Nitrogen Species OR RNS OR Free Radical* OR Catalase OR Superoxide Dismutase OR SOD OR 

Glutathione OR GPx OR NADPH oxidase* OR Nrf2 OR Nuclear Factor E2 Related Factor 2 OR Oxidant* OR Lipid Peroxidation OR Hydrogen 

Peroxide OR H2O2)

Keyword Set #3

(“dry eye*” OR “dry eye disease*” OR “dry eye syndrom*” OR “evaporative dry eye*” OR “dry eye, evaporative” OR “xerophthalmia” OR 

“keratoconjunctivitis sicca”)

(Continued)
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Bibliometric Analysis
Synonyms for countries, institutions, authors, and keywords were standardized to mitigate geographical and terminolo
gical biases in the results. For instance, publications originating from England, Northern Ireland, and Scotland were 
consolidated under the United Kingdom designation prior to data analysis; institutional terms such as Univ New Swales 
were replaced with Univ New South Wales; authors such as Cejka, C. were replaced with Cejka, Cestmir; and keywords 

Table 1 (Continued). 

No. Search query

1 TS = (Keyword Set #1) OR TS = (Keyword Set #2)

With the options Search in: Web of Science Core Collection; Edition: Science Citation Index Expanded (SCI-EXPANDED)–1992-present; 

Publication date: 1992–01-01–2024-12-31.

2 TS = = (Keyword Set #3)

With the options Search in: Web of Science Core Collection; Edition: Science Citation Index Expanded (SCI-EXPANDED)–1992-present; 

Publication date: 1992–01-01–2024-12-31.

3 TS = (Keyword Set #1) OR TS = (Keyword Set #2) AND TS = (Keyword Set #3)

With the options Search in: Web of Science Core Collection; Edition: Science Citation Index Expanded (SCI-EXPANDED)–1992-present; 
Publication date:1992–01-01–2024-12-31.

4 [Refine results] by Document Types: Article, Review Article

5 Languages:English

Notes: Quotation marks (“”) are employed to mandate a search for an exact phrase; an asterisk (*) denotes any number of characters at the end of a word; NEAR/x serves 
as the proximity operator, wherein the /x component determines the maximum number of words permissible between two key terms; OR is utilized in searches to 
amalgamate multiple search terms. The expression enclosed within parentheses is prioritized for execution. TS (Topic) conducts searches within the “title, abstract, keyword 
plus, and author keywords” field of a record.

Figure 1 Workflow of data collection phase.
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such as dry eye syndromes, dry eye, etc. were uniformly replaced with dry eye disease to identify them as the same term, 
and the top 5000 commonly used words in Corpus of Contemporary American English were used to exclude invalid 
words (eg, disease, cell, cells, etc).14

Plain text files were imported into VOSviewer (version 1.6.20), CiteSpace (version 6.4.R1), and the R-based web 
interface Bibliometrix (version 4.3.0)15 for quantitative and qualitative bibliometric analyses and to construct network 
visualization maps. Specific graphs were generated in the R environment (version 4.4.0) using the ggplot2 package.16 

This integrated approach integrates different tools and methods to elucidate patterns and networks and provide an in- 
depth representation of bibliographic data.

CiteSpace uses algorithms to identify research hotspots and frontiers, which are then presented through a variety of 
visualization views.17,18 Based on CiteSpace, we initially removed duplicate literature and assessed the completeness of 
the information. CiteSpace was utilized for reference burst detection to identify key literature and hot topics. The 
following parameters were selected for configuration: Time slice (1995–2024), year per slice (1), selection strategy (g 
index, k =25). Kleinberg’s algorithm (γ=1.0), and a minimum burst duration of 2 years. References with citation bursts 
(weight ≥2.0) were identified and mapped to trace emerging research trends.

VOSviewer is a bibliometric tool that provides the basic functionality needed to visualize and explore bibliometric 
networks.19 Co-occurrence network analysis of countries, institutions, journals, authors, and keywords was performed 
using VOSviewer. In addition, the R-based package Bibliometrix was used to calculate the H-index, G-index, and 
M-index for authors and journals.

Results
General Data in the Field of Oxidative Stress in DED
From January 1, 1992, to December 31, 2024, a total of 620 publications on oxidative stress in DED were retrieved, and 
491 publications that met the criteria were finally included; notably, the earliest of the included papers was published in 
1995. The types of literature included were mainly focused on articles (Figure 2). They were written by 2355 authors 
from 683 institutions in 44 countries and published in 193 journals. A total of 24,437 citations from 4006 journals were 
cited. In addition, a total of 2000 keywords were generated.

To determine the optimal polynomial coefficients for modeling the total number of publications over time, we built 
polynomial regression models with coefficients ranging from 1 to 3 and compared the models using the Akaike 
Information Criterion (AIC) and the Bayesian Information Criterion (BIC).20 The results showed that the trinomial 
model had the lowest AIC (127.62) and BIC (134.62) values, indicating that it fitted the best among the candidate models 
(Table S5).

The best-fitting third-degree polynomial regression model was expressed as: y ¼ 19:6þ 122:47xþ 69:81x2 þ 25:11x3

Figure 2 The proportion of articles and reviews in publications.The doughnut chart illustrates the proportion of Articles and Reviews in the dataset. The total number of 
entries is 491, with Articles accounting for 76.6% (n=376) and Reviews accounting for 23.4% (n=115).
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(y denotes Total Publications and x denotes Year). The model explained 99.6% of the variance in total publications 
(R²= 0.996), and all polynomial terms were statistically significant (p<0.001) (Table S6).

Residual analyses were conducted to test the assumptions of the polynomial regression model, and the results 
supported the robustness of the model, indicating that the third-degree polynomial regression model is suitable for 
describing the relationship between total publications and year (Figures S1–S3).

The model has a good fit and significant coefficients and is able to describe well the pattern of change in the available 
data: academic output (measured in terms of total publications) shows a non-linear and accelerating trend over the years 
(Figure 3), which may reflect an increase in research inputs or an expansion of the academic field. If this growth trend 
continues, more research resources may be needed to support academic research.

Analysis of Countries
A total of 44 countries have contributed to the field of oxidative stress in DED (Figure 4), with the highest number of 
publications and citations coming from China (184 articles with a total of 3488 citations), followed by the USA (76 
articles with a total of 2601 citations) and Japan (53 articles with a total of 1988 citations).

The countries where the relevant studies were conducted were in Asia, the Americas, Europe, Africa, and Oceania; 
Asia had the highest number of publications on oxidative stress in DED, with 325 articles and a total of 7402 citations 
(Figure 4).

Visual chord diagrams (Figure 5) were created using the R circlize package21 to visualize collaboration between 
countries. The visualization analysis included 21 countries that had at least five publications. The width of the chords 
between countries represents the strength of the collaboration, with wider chords indicating stronger collaborations. The 
figure shows the countries with the most active and relatively weak collaborations, with the USA (weight=49) forming 
the most extensive collaborations in this research area, followed by China (weight=30) and Japan (weight=20). Countries 
not appearing in the figure lacked cooperation with each other.

Figure 3 Annual and total publications from 1995 to 2024, along with the fitted third-degree polynomial regression curve.The yellowish shaded area represents the 95% 
confidence interval of the fitted curve. The model formula and statistical results are annotated on the plot.
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Analysis of Institutions
A total of 683 institutions are engaged in research in this area. Figure 6 shows the top 10 institutions with the highest 
number of publications, which accounted for 13.80% of the publications. These institutions are from Japan, China, the 

Figure 5 Chord Diagram of International Collaboration among countries.This chord diagram visualizes the collaborative relationships between countries based on the 
dataset provided. Each colored segment represents a country/region, and the arcs connecting the segments indicate the strength of collaboration, quantified by the weight 
variable. The colors assigned to each country/region are consistent across the diagram and the legend, facilitating identification.

Figure 6 Top 10 institutions in terms of publications related to oxidative stress in DED.
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USA, and Brazil. There are two Japanese institutions. KEIO UNIV was the most prolific institution, with 37 publications, 
followed by WENZHOU MED UNIV, with 34 publications. Chinese institutions occupied five seats in the TOP10. 
HARVARD UNIV, as a representative institution of the United States, published 12 papers. Figure 7 shows the 
collaboration between the 25 institutions with at least five publications by visualizing the connectivity.

Analysis of Authors
Lotka’s Inverse Square Law is a classical law in bibliometrics that describes the distribution of author productivity in 
a field of science. The law states that the number of authors who publish “n” papers in a given field is inversely 
proportional to “n2”: yn=C/n2. “yn” is the number of authors who publish “n” papers; “n” is the number of papers 
published; and “C” is a constant that is usually determined by fitting the data.22

In this study, we employed non-linear least squares (NLS) regression to estimate the parameter C more accurately. 
The NLS fitting process was implemented using the nls () function in R. We plotted the observations from this study with 
the predicted values from the NLS fit to visually assess the degree of model fit (Figure 8). The observed values (blue 
dots) closely follow the theoretical curve (red line), further validating the applicability of Lotka’s law to the data of this 
study.

The number of authors who have published only one article is 1922, which represents 84.6% of the total number of 
authors (1922 out of 2355). Among them, TSUBOTA K published as many as 35 articles, followed by DOGRU M (17) 

Figure 7 The visualisation of institutional cooperation in publications related to oxidative stress in DED (VOSviewer).
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and KOJIMA T (14) (Figure 9). This pattern aligns with the inverse square relationship described by Lotka’s Law, where 
the majority of authors contributed minimally, and a few authors dominated the field in terms of productivity.23 

TSUBOTA K had the highest H-index (21) and G-index (35), reflecting his significant influence in the field. 
BAUDOUIN C and BRIGNOLE-BAUDOUIN F were among the most cited authors, with 1210 and 1175 citations, 
respectively. The top 10 authors collectively accounted for over 8000 citations, demonstrating the high impact of their 
work.

This study analyzes the contributions of leading authors in ocular surface research, focusing on their H-index, 
G-index, publication counts, and citation metrics. The data highlight the significant impact of researchers such as Tsubota 
K and Dogru M, who have consistently contributed to advancements in the field.

Analysis of Journals
Journals were classified using Bradford’s Law of scattering, which characterizes the concentration patterns of scholarly 
literature.24,25 Guided by its proportional distribution principle (1:N:N²), journals were ranked by publication productiv
ity and partitioned into three zones, with Zone 1 comprising the most prolific core journals.

The analysis identified 10 core journals (Zone 1) containing 164 publications, collectively representing the majority 
(33.4%) of literature in the field, consistent with Bradford’s distribution patterns. An additional 44 journals (Zone 2) 
contributed 165 publications, while 139 journals (Zone 3) contributed only 162. This distribution confirms the concen
tration of literature in a small number of core journals. The number of journals and their corresponding contribution to 
papers are visualized in the embedded figure in Figure 10.

In the research field of oxidative stress in DED, INVEST OPHTHALMOL VIS SCI, EXP EYE RES, and OCUL 
SURF were the core journals in the field of ophthalmology research with outstanding performance in publications, 
citations, and H-index, G-index, and M-index. INVEST OPHTH VIS SCI had the best overall performance in all 
indicators. PHARMACEUTICALS, ANTIOXIDANTS, J NANOBIOTECHNOL, INT J MOL SCI, and NUTRIENTS 
journals had higher M-index (Figure 11), indicating that cross-disciplinary research in drug pharmacology, nanobiotech
nology, molecular sciences, and nutrition at the crossroads of oxidative stress in DED is on the rise.

Figure 8 Author Productivity Distribution: A Lotka’s Law Perspective.The NLS fit yielded an estimate of C=1905.21, reflecting a baseline of the number of authors who 
published 1 article, and R2=0.998, indicating that the model explained 99.8% of the variance in the observed data, showing an excellent fit.The residual standard error of 
18.16 suggests that the model’s predictions are generally within ±18.16.
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Figure 9 A comprehensive analysis of leading authors and their contributions.

Figure 10 Bradford’s Law-based visualisation of journal partitioning and literature distribution in the field of oxidative stress in DED.
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Analysis of Keywords
Keywords condense the core and essence of a paper, and keyword co-occurrence analysis can be used to discover the 
research hotspots in a particular scientific field. VOSviewer was used to map the keyword co-occurrence network and 
overlay of 491 papers (Figures 12 and 13). 61 keywords with a frequency greater than or equal to 10 were selected for 
visualization (Figure 12), and the keyword network consisted of 8490 links. The larger the round node in the graph, the 
more often the keyword appeared, and the more representative of the hotspot in the field. The node-connecting lines 
represent the strength of the association; the thicker the line, the more often the two co-occur in the same literature. The 
node colors represent different clusters, ie, research topics. All the included keywords can be categorized into 6 clusters 
according to the frequency of co-occurrence, shown in Figure 12 and Table 2, covering basic research, clinical research, 
and development of therapeutic strategies in oxidative stress in DED. Each direction has its own unique research focus. 
Still, there are intersections and connections between them, which contribute to a deeper understanding of the mechanism 
of oxidative stress in DED.

The keyword overlay is generated based on the average year in which the keywords appeared in articles, and yellow 
nodes indicate the latest keywords and hot topics (Figure 13). The novelty of keywords was evaluated by the average 
publication year (APY). This indicator reflects the degree of activity or change in trend of the node in the research area 
through the time dimension. According to the APY rankings, keywords emerging after 2021 included ferroptosis (APY = 
2023.60), nanoparticles (APY = 2022.47), diabetic retinopathy (APY = 2022.20), pathophysiology (APY =2021.92), 
anti-inflammatory (APY = 2021.71), and autophagy (APY = 2021.42).

Figure 11 A comprehensive analysis of leading journals and their contributions.
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Analysis of Publications
Table 3 lists the top 20 publications with the highest citations on oxidative stress in DED. The publications were mainly 
published after 2010 (16 out of 20), with the most highly cited publication being Baudouin et al in PROG RETIN EYE 
RES, which explored the mechanisms of oxidative damage by preservatives in eye drops and is a seminal review in the 
field with a very high impact. De Souza et al revealed the association between proteases and oxidative stress through tear 
proteomics, providing key data for biomarker studies. The first study in this research series, conducted by Augustin et al 
(1995), identified oxidative tissue damage in the tear film of patients with early-stage dry eye.

INVEST OPHTHALMOL VIS SCI (involving 4 studies) was the main publication platform for the empirical studies. 
PROG RETIN EYE RES included 2 reviews. EXP EYE RES (involving 2 studies) and REDOX BIOL (involving 2 
studies) focus on oxidative mechanisms. The top 20 most cited publications mainly focused on oxidative and antioxidant 
signaling pathways, clinical translation, diagnostic markers, therapeutic strategies, and environmental and pathological 
associations.

In addition, we used CiteSpace to visualized the top 20 references related to oxidative stress in DED (Figure 14), 
which had the strongest citation explosion. In the visualization, the blue line indicates the timeline of the keyword from 
its first appearance to 2024, and the red line indicates the duration of its burst period. INVEST OPHTH VIS SCI (4 
studies) and OCUL SURF (5 studies) were the leading carriers of the burst literature. The citation burst period was 
concentrated in 2008–2024, and further analysis shows that the top 20 cited references mainly covered five research 
themes. (1) Animal Models Reveal Oxidative Stress-driven Pathogenesis. Studies33,43–46 using rodent models demon
strated that oxidative stress directly contributes to corneal epithelial damage, lacrimal gland dysfunction, and tear film 
instability. Key mechanisms include mitochondrial dysfunction and impaired antioxidant defenses, leading to lipid 

Figure 12 Co-occurrence of 61 keywords with a frequency ≥ 10.
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peroxidation, DNA damage, and inflammation. These models highlight oxidative stress as a causative factor in DED 
progression. (2) Oxidative Biomarkers as Clinical Indicators. Elevated oxidative stress markers in tears and ocular 
surface tissues correlate with DED severity. In non-Sjögren DED patients, the 4-HNE and MDA levels are inversely 
associated with tear film stability, Schirmer values, and goblet cell density, suggesting their utility for disease monitoring. 
Hyperosmolarity-induced reactive oxygen species (ROS) overproduction in human corneal epithelial cells (HCECs) has 
further validated these biomarkers as indicators of membrane lipid peroxidation36,42,47 and mitochondrial DNA 
damage.33,42,46 (3) ROS-NLRP3-inflammasome Axis in Inflammation. ROS activates NOD-, LRR- and Pyrin domain- 
containing protein 3 (NLRP3) inflammasomes, triggering caspase-1-dependent interleukin-1 beta (IL-1β) secretion in 
HCECs and murine DED models. Hyperosmolar stress amplifies this pathway, linking oxidative damage to chronic 
ocular surface inflammation. Pharmacological ROS inhibition or NLRP3 siRNA knockdown can suppress inflammasome 
activation, emphasizing ROS as a primary factor for DED-related immune dysregulation.37,48,49 (4) Clinical Guidelines 
and Epidemiological Insights. The Tear Film & Ocular Surface Society Dry Eye WorkShop II (TFOS DEWS II) reports 

Figure 13 Network map of the keywords according to the appearance for the average time.
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Table 2 Keywords Corresponding to the 6 Clusters

Cluster Keywords

Cluster 1 Ocular surface, biomarkers, tear film, nuclear factor kappa-b, conjunctival epithelium, Sjogren’s syndrome, lipid-peroxidation, 
lacrimal glands, superoxide dismutase, secretion, diabetes mellitus, caloric restriction, rats, tear fluid, salivary glands

Cluster 2 Oxidative stress, diabetic retinopathy, meibomian glands, glaucoma, antioxidants, dysfunction, risk factors, in-vivo, aging, 

prevalence, fatty-acids, cataracts, macular degeneration
Cluster 3 Anti-inflammatory, nanoparticles, reactive oxygen species, activation, hyaluronic acid, mechanisms, apoptotic cell-death, 

mitochondria, in-vitro, corneal epithelial cells, DNA-damage, cytotoxicity

Cluster 4 Ocular surface diseases, meibomian gland dysfunction, air-pollution, cornea, conjunctiva, mucin, benzalkonium chloride, 
epithelial-cells, gene-expression, impression cytology, subcommittee

Cluster 5 Dry eye disease, ferroptosis, autophagy, nlrp3, inflammasomes, inflammation, hyperosmosis stress, cytokines

Cluster 6 Mouse models

Table 3 Top 20 Most Cited Publications on Oxidative Stress in DED

Rank Article Country First Author Year Journal Identifier Citations

1 Preservatives in Eyedrops: the Good, the 
Bad and the Ugly26

France BAUDOUIN C 2010 PROG RETIN EYE 
RES

DOI:10.1016/j. 
preteyeres.2010.03.001

727

2 Identification of 491 Proteins in the Tear 
Fluid Proteome Reveals a Large Number of 
Proteases and Protease Inhibitors27

Denmark, 
Germany

DE SOUZA 
G A

2006 GENOME BIOL DOI:10.1186/gb-2006-7-8-r72 285

3 Quaternary Ammoniums and Other 
Preservatives’ Contribution in Oxidative 
Stress and Apoptosis on Chang 
Conjunctival Cells28

France DEBBASCH C 2001 INVEST 
OPHTHALMOL 
VIS SCI

PMID: 11222522 205

4 Dry Eye Disease and Oxidative Stress4 Singapore SEEN S 2018 ACTA 
OPHTHALMOL

DOI:10.1111/aos.13526 197

5 Anti-inflammatory and Anti-oxidative 
Effects of the Green Tea Polyphenol 
Epigallocatechin Gallate in Human Corneal 
Epithelial Cells29

USA CAVET M 2011 MOL VIS PMID: 21364905 189

6 Role of Lactoferrin in the Tear Film30 Australia FLANAGAN J L 2009 BIOCHIMIE DOI:10.1016/j. 
biochi.2008.07.007

152

7 Biological Functions of Tear Film31 USA PFLUGFELDER 
SC

2020 EXP EYE RES DOI:10.1016/j. 
exer.2020.108115

150

8 Potential Role of Oxidative Stress in Ocular 
Surface Inflammation and Dry Eye Disease3

Japan DOGRU M 2018 INVEST 
OPHTHALMOL 
VIS SCI

DOI:10.1167/iovs.17-23402 146

9 Effects of Environment Pollution on the 
Ocular Surface9

Singapore JUNG S 2018 OCUL SURF DOI:10.1016/j. 
jtos.2018.03.001

136

10 Calcitriol Inhibits ROS-NLRP3-IL-1β 
Signaling Axis via Activation of Nrf2- 
Antioxidant Signaling in Hyperosmotic 
Stress-Stimulated Human Corneal Epithelial 
Cells32

China DAI Y 2019 REDOX BIOL DOI:10.1016/j. 
redox.2018.101093

134

11 Involvement of Oxidative Stress on 
Corneal Epithelial Alterations in a Blink- 
suppressed Dry Eye33

Japan NAKAMURA S 2007 INVEST 
OPHTHALMOL 
VIS SCI

DOI:10.1167/iovs.06-1027 133

12 Oxidative Reactions in the Tear Fluid of 
Patients Suffering from Dry Eyes34

Germany AUGUSTIN A J 1995 GRAEFES ARCH 
CLIN EXP 
OPHTHALMOL

DOI:10.1007/bf00164671 128

13 Tearful Relations: Oxidative Stress, 
Inflammation and Eye Diseases35

Japan WAKAMATSU 
TH

2008 ARQ BRAS 
OFTALMOL

DOI:10.1590/s0004- 
27492008000700015

122

14 Evaluation of Lipid Oxidative Stress Status 
in Sjogren Syndrome Patients36

Japan WAKAMATSU 
TH

2013 INVEST 
OPHTHALMOL 
VIS SCI

DOI:10.1167/iovs.12-10325 120

(Continued)
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standardized diagnostic criteria for DED,1,50 emphasizing tear film hyperosmolarity, inflammation, and oxidative stress as 
central pathophysiological drivers.51 Global prevalence studies highlight aging, female sex, and environmental factors as 
key risk factors for oxidative damage.52 A staged management algorithm has prioritized antioxidant therapies for 
subpopulations with evident oxidative stress biomarkers.53 (5) Antioxidant Interventions. Natural antioxidants4,54 and 
synthetic compounds4,55 can mitigate blue light- or hyperosmolarity-induced oxidative damage in corneal epithelia. An 
animal study47 showed that selenium-lactoferrin eye drops reduced heme oxygenase-1, cyclooxygenase-2, and IL-6 
expression, while a clinical trial proposed vitamin B12 and iodide iontophoresis as emerging therapies.4 However, limited 
Level 1 evidence underscores the need for rigorous trials.

Table 3 (Continued). 

Rank Article Country First Author Year Journal Identifier Citations

15 Reactive Oxygen Species Activated NLRP3 
Inflammasomes Prime Environment- 
induced Murine Dry Eye37

China, 
USA

ZHENG Q 2014 EXP EYE RES DOI:10.1016/j. 
exer.2014.05.001

117

16 Mechanisms of Blue Light-induced Eye 
Hazard and Protective Measures: 
A Review38

China OU X 2020 BIOMED 
PHARMACOTHER

DOI:10.1016/j. 
biopha.2020.110577

115

17 The Role Oxidative Stress in the 
Pathogenesis of Eye Diseases: Current 
Status and a Dual Role of Physical Activity39

Poland, 
Egypt

KRUK J 2016 MINI-REV MED 
CHEM

DOI:10.2174/ 
1389557516666151120114605

114

18 Advances in the Diagnosis and Treatment 
of Dry Eye40

Japan KOJIMA T 2020 PROG RETIN EYE 
RES

DOI:10.1016/j. 
preteyeres.2020.100842

111

19 Review of Biomarkers in Ocular Matrices: 
Challenges and Opportunities41

USA TAMHANE M 2019 PHARM RES DOI:10.1007/s11095-019- 
2569-8

110

20 Oxidative Stress Markers Induced by 
Hyperosmolarity in Primary Human 
Corneal Epithelial Cells42

China, 
USA

DENG R 2015 PLOS ONE DOI:10.1371/journal. 
pone.0126561

110

Figure 14 The top 20 references related to oxidative stress in DED with the strongest citation bursts.
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Discussion
Bibliometrics, as an important research method, can effectively reveal the research trend and knowledge structure of 
a specific field by means of quantitative analysis. In this study, 491 qualified studies on oxidative stress in DED were 
retrieved from WoSCC from its establishment in 1992 to 2024 for a comprehensive bibliometric analysis to explore the 
research hotspots and trends in the field. The first publication in the collection was in the form of an article in 1995. The 
DED’s oxidative stress research shows a non-linear accelerating trend (R²=0.996) in the number of publications between 
1995 and 2024. After a low base of annual publications (averaging less than 1 per year) between 1995 and 2007, the 
research entered a phase of rapid growth (averaging about 20.9% per year) after 2010, reflecting a gradual deepening of 
academic understanding of the central role of oxidative stress in the pathophysiology of DED. This trend likely stems 
from a confluence of factors, such as heightened public health focus on the burden of DED,56–58 innovations in the 
detection of oxidative stress on the ocular surface,59–61 the discovery of antioxidant therapeutic targets,62 and the 
deepening of interdisciplinary collaborations such as localized delivery studies on nanocarriers.63–65 As the field 
continues to focus on clinical translation, it will be important to optimize resource allocation and prioritize support for 
directions such as high-throughput tear screening devices, interdisciplinary collaborative networks (eg, ophthalmology- 
materials science-bioinformatics), and efficacy validation platforms based on real-world data.

According to the distribution of countries and institutions, the study shows that China, the USA, and Japan are the 
leading countries regarding paper output in the research field of oxidative stress in DED. KEIO UNIV is the most prolific 
institution in the field and comes from Japan. Institutions in France and Denmark produced the top 3 highly cited papers, 
while many of the other most-cited papers came from institutions in the United States, China, and Japan. This 
discrepancy may suggest that research productivity does not linearly correlate with citation dominance in this field. 
This pattern aligns with the “productivity-impact paradox” observed in interdisciplinary fields, where specialized teams 
from smaller research ecosystems may achieve disproportionate citation influence through niche innovation. 
Collaborative network analyses highlight international partnerships, particularly between China and the USA, as well 
as between Japan and the USA, which may facilitate the interdisciplinary development of oxidative stress research. For 
instance, the 2024 development of dual-atom nanozyme eye drops emerged from a consortium combining Henan Eye 
Hospital’s clinical expertise with Harvard’s engineering capabilities.66 Such cross-sector alliances correlate with higher 
methodological innovation indices, suggesting that international interdisciplinary collaboration facilitates translational 
breakthroughs in oxidative stress research. Notably, African institutions contributed only 1.4% of studies (7/491) in this 
analysis (Figure 4), despite the continent bearing a disproportionately high DED burden with a prevalence exceeding 
40%.67 This profound mismatch between epidemiological magnitude and research output highlights a critical disparity in 
global research equity and resource allocation.

Most of the studies in this field are still published in ophthalmology journals such as INVEST OPHTHALMOL VIS 
SCI, EXP EYE RES, and OCUL SURF. It is worth noting that although journals such as J NANOBIOTECHNOL, INT 
J MOL SCI, and NUTRIENTS have a relatively limited number of direct publications in the field of ophthalmology, the 
high citation rates and prominent index rankings of the papers they publish highlight the great potential of nanobiology 
and molecular biology in the research of oxidative stress in DED. Future research can explore new strategies for eye 
health by combining cross perspectives of nutrition, nanobiotechnology, and molecular biology.63–65,68

The institutional cooperation network shows the research directions of the major institutional clusters in the field 
(Figure 7), and each institution has constructed a research ecology of oxidative stress in DED from the perspective of 
molecular mechanism, mucosal immunity, clinical translation, and technological innovation. Cluster 1 studies involve the 
mitochondrial oxidative damage-inflammasome axis, lipid peroxidation metabolite driving mechanism, mitochondria- 
targeted antioxidant therapy, etc.; Cluster 2 research involves environmental/metabolic stress (microplastics, smoke, 
high-fat diet, etc)., nanomedicine, and multihistological precision therapy; Cluster 3 research involves superoxide 
dismutase 1-deficient models, age-dependent mucosal secretion disorders, oxidative markers of Sjögren syndrome; 
Cluster 4 studies involve environmental exposures (air pollution, microplastics), peroxisome proliferator-activated 
receptors targeted therapy, tear multi-omics and systemic immune diseases. The clusters are complementary regarding 
the depth and breadth of mechanism resolution and cross-validation of models and technologies. Despite the many 
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advances in basic research, there are still many barriers/dilemmas in clinical translation, such as the limitation of 
pathological reduction in disease models and the limitation of the deep integration of mitochondria-targeted drugs and 
nano-delivery systems due to multiple physiological barriers in the cornea (epithelial tight junctions, tear washout, etc). 
Future research should focus on integrating cross-scale mechanisms, technological convergence, and data sharing to 
establish a complete translational pipeline - from elucidating molecular targets (antioxidant/anti-inflammatory pathways) 
to developing personalized therapeutic strategies.

According to the keyword and publications analyses, research in this field has focused on three major themes: 
oxidative-inflammatory interaction networks, targeted antioxidant strategies, and translational medicine system construc
tion. Oxidative damage promotes the release of pro-inflammatory factors such as IL-1β and tumor necrosis factor α 
through activation of NLRP3 inflammatory vesicles and the NF-κB pathway,7,69,70 while the inflammatory microenvir
onment further induces ROS generation, which leads to lipid peroxidation of the meibomian glands, destroying the 
structure of the lipid layer and accelerating tear evaporation. At the same time, exposure to both exogenous and 
endogenous ROS leads to cell death and degradation,71 and the mitochondrial ROS induces the collapse of the 
mitochondrial membrane potential and activation of the caspase apoptotic pathway.72 In addition, oxidative stress can 
down-regulate corneal epithelial tight junction proteins, leading to increased tear film permeability.73,74 Oxidative stress 
is involved in the vicious circle of the pathological progression of dry eye through multiple mechanisms.3,4,75 The 
development of the vicious circle can be broken to some extent by antioxidant therapies,70 which currently include: (1) 
direct antioxidant: exogenous supplementation of small molecules to scavenge ROS;68,76 (2) indirect modulation: 
activation of the nuclear factor erythroid 2-related factor 2/antioxidant response element (Nrf2/ARE) pathway to enhance 
glutathione synthesis,77 or inhibition of ROS-generating enzymes;78 (3) targeted delivery: ROS-responsive nanocarriers 
for precise drug release on the ocular surface.65,79,80 Although antioxidants are considered potential therapeutic 
approaches, clinical trials evaluating their efficacy are still limited. In the future, bottlenecks such as low bioavailability 
of antioxidants and lack of dynamic marker-monitoring technology need to be broken through to achieve individualized 
treatment.75 With the development of AI-driven technology, future bibliometric studies can incorporate machine learning 
algorithms to predict emerging research trends and highlight potential research priorities; in addition, national institutions 
should jointly build a database on oxidative stress in DED, containing genetic, environmental, and lacrimogenomic data, 
to facilitate AI-driven target prediction.

This study pioneers the first comprehensive bibliometric analysis of oxidative stress in DED. It offers new insights 
into research trends, prominent contributors, and emerging research topics. Bibliometric mapping enables the visualiza
tion of research evolution and identification of key knowledge clusters, thereby facilitating an in-depth understanding of 
the field’s research landscape.

Three main limitations warrant consideration. First, the analysis was confined to the WoSCC database. This limitation 
might have led to the exclusion of relevant research articles that are only indexed in other databases, potentially missing 
out on important perspectives and findings. Secondly, while citation metrics provide valuable insights into scholarly 
influence, these indicators should be interpreted cautiously as they may not fully capture nuances of research quality or 
distinguish between direct clinical applicability and foundational scientific contributions. For example, some highly cited 
methodological papers may drive technological innovations that ultimately enable clinical breakthroughs, even if their 
immediate therapeutic translation is not evident. Finally, excluding 8 non-English publications (1.6% of total records) 
may introduce language bias, potentially overlooking critical contributions from regions with high non-English research 
output.

Conclusion
In summary, this bibliometric analysis highlights the growing recognition of oxidative stress as a pivotal contributor to 
the pathophysiology of DED. Although substantial advancements have been achieved in elucidating oxidative damage 
and its clinical relevance to DED, critical gaps persist, particularly in delineating exact molecular pathways, establishing 
validated biomarkers, and optimizing antioxidant-based therapeutic interventions. Enhancing international collaboration 
and incorporating AI-driven methods into future bibliometric studies can deepen our understanding of research trends on 
oxidative stress in DED and help identify gaps that may inform future clinical advancements.
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