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Objective: To investigate the diagnostic efficacy and prognostic predictive value of serum selenium (Sse) and redox biomarkers in 
retinal vein occlusion (RVO).
Methods: A prospective analysis was conducted on 112 RVO patients (RVO Group) admitted to the hospital between January 2022 
and February 2024, along with 112 non-RVO ophthalmic patients (non-RVO Group) during the same period. The levels of Sse and 
redox factors [high mobility group protein B1 (HMGB1), reduced glutathione (GSH), nitric oxide (NO), and superoxide dismutase 
(SOD)] were compared between the two groups, and the receiver operating characteristic (ROC) curves were plotted to analyze their 
diagnostic efficacy for RVO. The RVO Group received treatment and was divided into poor prognosis group and good prognosis group 
based on prognosis. The changes in Sse and redox biomarker levels were compared to analyze factors influencing RVO patient 
prognosis, and a nomogram was constructed to validate the calibration curve.
Results: Compared with the non-RVO group, the levels of Sse, GSH, and SOD were lower, while the levels of HMGB1 and NO were 
higher in the RVO group (P <0.05). The ROC curve showed that Sse and various oxidative stress factors had good diagnostic efficacy 
for RVO. In the Poor Prognosis Group, Sse, GSH, NO, and SOD levels were lower than those in the Good Prognosis Group, while 
HMGB1 levels were higher than those in the Good Prognosis Group (P <0.05). Cox regression analysis showed that all these 
indicators were factors influencing the prognosis of RVO patients (all P < 0.05). Additionally, the consistency of theroc curves 
constructed using these factors was good, and the calibration curves were close to the ideal curve.
Conclusion: The combined detection of Sse and redox biomarkers can effectively assist in RVO diagnosis, while their dynamic 
changes have important clinical value in prognosis evaluation.
Keywords: serum selenium, redox factors, retinal vein occlusion, high mobility group protein B1, reduced glutathione

Introduction
Retinal vein occlusion (RVO) is a common fundus vascular disease in the field of ophthalmology. Depending on the site 
of occlusion, RVO can be classified into central retinal vein occlusion (CRVO) and branch retinal vein occlusion 
(BRVO).1 This condition, characterized by retinal vascular blockage, can lead to pathological changes such as retinal 
edema, hemorrhage, ischemia, and neovascularization. In severe cases, it may result in vision loss, significantly impairing 
the patient’s quality of life.2 Surveys indicate3 that the RVO primarily affects the elderly population, ranking as 
the second most prevalent retinal vascular disease globally, with up to 160,000 new cases annually. Therefore, timely 
and accurate diagnosis and treatment of RVO are of substantial social and economic significance. Although the clinical 
symptoms of RVO are significant, its pathogenesis is complex and has not yet been fully understood. A large number of 
studies have found4–7 that oxidative stress and inflammatory responses are central pathological mechanisms in the onset 
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and progression of RVO. Prolonged exposure of retinal vascular endothelial cells to reactive oxygen species (ROS) and 
other free radicals can lead to endothelial dysfunction, the release of inflammatory mediators, and activation of the 
coagulation system. These processes are interrelated and collectively contribute to thrombosis and vascular occlusion, 
thereby exacerbating retinal damage.

With the advancement of medical research, clinical practice has increasingly focused on identifying novel biomarkers 
to aid in the diagnosis and assessment of RVO. Serum selenium (Sse) and redox factors as potential biomarkers have 
attracted increasing attention for their potential value as biomarkers. Sse is an essential trace element that participates in 
a variety of biological processes and plays a pivotal role in the antioxidant defense system. Through its interaction with 
selenoproteins, Sse mitigates oxidative damage caused by free radicals and regulates immune function.8 As 
a metabolically active tissue, retinal cells are extremely susceptible to oxidative stress. Previous studies have shown9 

that selenium deficiency may lead to aggravated retinal damage and play an important role in the occurrence of various 
ophthalmic diseases. Therefore, changes in Sse may be closely related to the occurrence and progression of RVO and 
become a potential indicator for diagnosing diseases and evaluating prognosis. Redox factors include high-mobility 
group protein B1 (HMGB1), reduced glutathione (GSH), nitric oxide (NO), and superoxide dismutase (SOD). HMGB1 is 
a key pro-inflammatory damage-associated molecular pattern (DAMP); GSH serves as the major intracellular antiox
idant; NO is involved in vascular tone regulation, and its reduced bioavailability is associated with endothelial 
dysfunction; while SOD is a crucial enzyme for scavenging superoxide anions. These biomarkers play essential roles 
in maintaining the homeostasis of the retinal microenvironment.10–13 Studies have shown that patients with RVO exhibit 
significant oxidative stress and inflammatory activation. Theoretically, this condition should be accompanied by the 
depletion or reduced activity of antioxidant factors such as Sse, GSH, and SOD, as well as elevated levels of pro- 
inflammatory or damage-associated markers such as HMGB1 and NO.14 However, there is still a lack of systematic 
research evaluating the diagnostic efficacy of this specific set of biomarkers for RVO and their predictive value for 
patient prognosis.

This study aimed to fill this gap by investigating the roles of Sse, HMGB1, GSH, NO, and SOD in the diagnosis and 
prognostic assessment of RVO. By evaluating the patterns of change in these biomarkers in RVO patients and their 
diagnostic and prognostic performance, this research is expected to provide a more sensitive and specific biomarker panel 
for early detection, disease monitoring, and individualized prognosis of RVO, while also deepening the understanding of 
the oxidative stress and inflammatory mechanisms underlying its pathogenesis.

Materials and Methods
Study Subjects
According to the sample size calculation formula: n = [(Zα + Zβ)² × p(1 − p)] / δ² [where n represents the minimum 
required sample size, Zα is the z-score corresponding to the type I error probability (α), Zβ is the z-score corresponding to 
the type II error probability (β), and p refers to the expected or literature-reported AUC value], the required sample size 
for this study was calculated to be 224 cases. This study is a single-center prospective observational analysis. It included 
112 patients diagnosed with retinal vein occlusion (RVO) who were treated at the hospital between January 2022 and 
February 2024, as well as 112 ophthalmology patients examined during the same period who were ruled out for RVO via 
fluorescein fundus angiography (FFA). All procedures adhered to the ethical standards outlined in the 1964 Declaration 
of Helsinki and its subsequent amendments. The study complied with the requirements for observational research 
outlined in the International Ethical Guidelines for Health-related Research Involving Humans. The study protocol 
was reviewed and approved by the Ethics Committee of Taicang TCM Hospital Affiliated to Nanjing University of 
Chinese Medicine (TTCMLS (2021) No. 052), which written informed consent was obtained from all participants.

Inclusion Criteria
(1) RVO patients met the diagnostic criteria for RVO in the Retinal Vein Occlusion Guidelines.15 Fundus fluorescein 
angiography (FFA) clearly showed retinal vein dilation, tortuosity, delayed or interrupted blood flow, accompanied by 
characteristic fundus changes such as retinal hemorrhage and edema. Patients also presented clinical symptoms including 
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sudden, painless vision loss; (2) Age ≥18 years; (3) First onset of RVO in a single eye; (4) Complete clinical data 
available at initial visit (including comprehensive ophthalmic examination records and laboratory test results); (5) Clear 
consciousness and normal intellectual development; (6) No clear contraindications to routine ophthalmic examinations 
and subsequent treatments involved in this study.

Exclusion Criteria
(1) Presence of retinal artery occlusion; (2) Active keratitis, conjunctivitis, uveitis, or other severe ocular inflammatory 
diseases; (3) Uncontrolled liver or kidney dysfunction (ALT/AST > 2 times the upper limit of normal, serum creatinine > 
133 μmol/L), active hematological disorders, acute or chronic active infectious diseases (such as active hepatitis, 
tuberculosis, HIV infection), or malignancies; (4) History of ocular surgery or systemic treatment within 3 months 
prior to screening with anti-inflammatory drugs (eg, glucocorticoids, immunosuppressants), anticoagulants/antiplatelet 
agents (eg, warfarin, clopidogrel, aspirin); (5) Presence of color blindness, color weakness, amblyopia, or other non-RVO 
ocular diseases severely affecting visual function; (6) Women who are pregnant or breastfeeding.

Note: All inclusion and exclusion criteria were assessed independently by two researchers based on medical records. 
In case of disagreement, a third senior researcher made the final decision to ensure consistency in criteria application. 
Data extraction was performed using standardized forms by trained personnel, with dual data entry and verification to 
minimize errors and bias. Research data were stored in a password-protected encrypted database accessible only to 
authorized study personnel.

General Information
(1) Relevant data of patients who met the inclusion and exclusion criteria were collected from medical records, 

including gender, age, body mass index (BMI), disease duration, comorbidities (hypertension, diabetes, coronary 
heart disease), smoking history, drinking history, intraocular pressure, and best corrected visual acuity at the initial 
diagnosis. For patients in the RVO group, IOP and BCVA of the affected eye at initial diagnosis were recorded. 
For patients in the non-RVO group, IOP and BCVA of either eye were collected (if data for both eyes were 
available, the first recorded eye or a randomly selected eye was used).

(2) Related definitions: ① BMI = body weight (kg) / height squared (m2); ② Hypertension: in accordance with the 
diagnostic criteria for hypertension in the 2024 ESC Guidelines for the Management of Elevated Blood Pressure 
and Hypertension,16 or have been receiving regular antihypertensive treatment with well-controlled blood pressure 
(office blood pressure < 140/90 mmHg). ③ Diabetes: In accordance with the diagnostic criteria for diabetes in the 
Chinese Expert Consensus on Diabetes Classification in clinical practice,16,17 or have been receiving regular 
antidiabetic treatment with relatively stable glycemic control [glycated hemoglobin (HbA1c) < 9.0%]. ④ 
Coronary heart disease: in accordance with the diagnostic criteria in the Chinese expert consensus on the 
rehabilitation treatment stable coronary artery disease;17,18 ⑤ Smoking history: current smokers (those who 
smoked within 1 month prior to screening) or individuals with a past smoking history (quit less than 5 years ago) 
and a cumulative smoking amount of ≥100 cigarettes; ⑥ Drinking history: consumed alcohol at least once per 
week over the past 6 months, with an average intake of ≥10 g of pure alcohol per occasion.

Laboratory Testing
On the day of the examination, 4 mL of fasting venous blood (after ≥8 hours of fasting) was collected from all patients. 
Serum and plasma samples were obtained by centrifuging at 3000 r/min and 10 min using a centrifuge (Model: 4–16S, 
National Registration number: 20152134, Manufacturer: Sigma Laboratory Centrifuge Co., Ltd). The separated serum/ 
plasma samples were immediately aliquoted and stored in an ultra-low temperature freezer at −80 °C (Model: Forma 902, 
Manufacturer: Thermo Scientific) until analysis. All samples were protected from repeated freeze-thaw cycles (no more 
than twice). All assays were completed within four weeks of sample collection. ① Enzyme-linked immunosorbent assay 
(ELISA) was used to measure D-dimer (D-D), C-reactive protein (CRP), serum creatinine (Scr), and HMGB1 levels, 
with assay kits (Catalog No.: ST51011) provided by Shanghai Yiyan Biotechnology Co., Ltd. ② Fasting blood glucose 
(FBG) levels were detected by glucose oxidase method, with assay kits (Catalog No.: E1010) provided by Beijing Pulilai 
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Gene Technology Co., Ltd. ③ High-performance liquid chromatography was used to measure glycosylated hemoglobin 
(HbAlc) and Sse levels. Assay kits (Catalog No.: AC17801) were provided by Suzhou Scifyn Medical Devices Co., Ltd. 
④ The levels of GSH, NO and SOD were measured by colorimetric method. Assay kits (Catalog No.: NM-W-0407) 
were provided by Nanjing Jiancheng Bioengineering Institute.

All procedures were performed strictly following the manufacturer’s instructions. Standard curves were validated 
prior to testing, and each assay included standard and blank controls. Internal quality control samples showed intra-assay 
coefficients of variation (CV) < 10% and inter-assay CV < 15%.

Comprehensive Treatment Plan
All 112 RVO patients in the RVO Group were given a comprehensive treatment plan and underwent routine ophthalmic 
examinations before treatment, including visual acuity examination, intraocular pressure measurement, and optical coherence 
tomography (OCT) to assess central retinal thickness (CRT). Levofloxacin eye drops [Concentration: 0.488% (5 mL: 24.4 mg); 
National Registration No.: H20243581; Manufacturer: Shandong Guangming Pharmaceutical Co., Ltd.] were used to clean the 
conjunctival sac 3 days before injection, 6 times a day. Compound tropicamide eye drops (Concentration: 5 mL: tropicamide 
25 mg; National Registration No.: H20055546; Manufacturer: Shenyang Xingqi Ophthalmic Co., Ltd). were used to dilate the 
pupil 30 minutes before injection. Intravitreal injection was performed in a sterile laminar flow operating room. Using 
a specialized needle, the injection site was selected 3.5–4.0 mm posterior to the limbus on the scleral surface. Oxybuprocaine 
hydrochloride eye drops (Concentration: 1 mL: 4 mg; National Registration No.: H21023202; Manufacturer: Suzhou Ocuvision 
Biotech Co., Ltd). were used for surface anesthesia. After disinfecting the conjunctival sac, 0.05 mL of ranibizumab injection 
(Concentration: 10 mg/mL; National Registration No.: S20240034; Manufacturer: Qilu Pharmaceutical Co., Ltd). was slowly 
administered. Following the injection, the puncture site was pressed with a sterile cotton swab for 30 seconds, and the visual 
acuity and intraocular pressure of the operated eye were checked to ensure that there was no obvious bleeding or other 
abnormalities. After the operation, the patient was applied with tobramycin dexamethasone eye ointment (Concentration: 3 g: 
tobramycin 9 mg; National Registration No.: H20020496; Manufacturer: Qilu Pharmaceutical Co., Ltd). to the operated eye and 
bandaged with gauze; and levofloxacin eye drops were used for 7 consecutive days, 4 times a day.

Prognostic Assessment for RVO Patients
After treatment, patients were instructed to undergo regular outpatient follow-ups on postoperative days 1, 7, and 14. 
After 6 months of treatment, follow-up was conducted with reference to relevant guidelines on diabetic retinopathy 
screening and ocular management.19 During each follow-up, the examination results were recorded. Good prognosis: 
Best-corrected visual acuity (BCVA) recovered to ≥50% of the pre-onset level; fundus fluorescein angiography (FFA) 
revealed that retinal vein diameter had essentially returned to normal, with no leakage or only mild leakage; no 
recurrence of retinal/macular edema; and no neovascularization, retinal detachment, vitreous hemorrhage, or neovascular 
glaucoma. Poor prognosis: BCVA recovered to <50% of the pre-onset level; FFA indicated persistent retinal circulatory 
abnormalities (eg, venous tortuosity and dilation, extensive non-perfusion areas, persistent leakage, or recurrence of 
macular edema), or the occurrence of any severe complications such as retinal detachment, vitreous hemorrhage, or 
neovascular glaucoma.

Statistical Analysis
Statistical analysis was performed using SPSS version 25.0. Categorical data were expressed as [n] or [n (%)], and comparisons 
between groups were conducted using the χ²-test. The Shapiro–Wilk test was used to assess the normality of continuous 
variables. Data conforming to a normal distribution were presented as mean±standard deviation (SD). Between-group compar
isons were conducted using the least significant difference t-test (LSD-t) or Bonferroni-corrected t-test, while one-way ANOVA 
was used for comparisons among multiple groups. In cases of unequal variances, Welch’s t-test or Mann–Whitney U-test were 
applied. Non-normally distributed data were expressed as median and interquartile range [M (P25, P75)], and the Mann–Whitney 
U-test was used for comparisons between groups. A p-value < 0.05 was considered statistically significant. Receiver operating 
characteristic (ROC) curves were plotted, and the area under the curve (AUC), along with the 95% confidence interval (95% CI), 
was calculated to evaluate the diagnostic performance of Sse and oxidative stress-related factors for RVO. Subsequently, changes 
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in Sse and oxidative stress indicators were compared in patients with different prognoses in the RVO group. Collinearity analysis 
was performed for indicators with significant differences. Variables without collinearity were included in a Cox proportional 
hazards regression model to calculate the hazard ratio (HR), 95% CI, and concordance index (C-index). A nomogram model for 
predicting RVO prognosis was constructed using appropriate modules in SPSS, and a calibration curve was plotted to assess the 
agreement between predicted probabilities and actual outcomes (with the ideal curve being a 45-degree diagonal). Bonferroni 
correction was applied when comparing multiple indicators or conducting multiple ROC analyses to control for type I error. The 
dataset used in this study had high completeness, with no missing values for key variables (Sse, oxidative stress markers, and 
prognosis indicators). For a very small proportion of missing non-key variables (<2%), listwise deletion was applied.

Results
General Information and Laboratory Tests
General Information
There was no significant difference in gender, age, BMI, disease duration, comorbidities, smoking history, drinking 
history, intraocular pressure, or best corrected visual acuity at initial diagnosis between the RVO Group and the non-RVO 
Group (χ2/ t = 0.072, 1.040, −0.514, −1.427, 0.187, 1.211, 0.419, 0.314, 0.289, 0.888, −1.784, respectively; all P >0.05), 
indicating that the two groups were comparable. Detailed results are presented in Table 1.

Laboratory Tests
There were no significant differences in D-D, CRP, Scr, FBG, and HbAlc levels between the RVO Group and the non- 
RVO Group (t = −0.291, −1.464, 1.219, 1.705, 1.587, respectively, all P >0.05), indicating that the two groups were 
clinically comparable. Detailed results are shown in Table 2.

Diagnostic Value of Sse and Redox Factors in Patients with RVO
Comparison of Sse and Redox Factor Levels Between the Two Groups
To elucidate differences in Sse and redox factor levels between the RVO Group and the non-RVO group, results showed that 
the Sse [(82.61 ± 8.75) μg/L], GSH [(153.34 ± 24.01) mg/L], and SOD [(17.14 ± 1.55) mU/L] levels in the RVO Group were 
significantly lower compared with the non-RVO Group [(91.05 ± 11.58) μg/L, (172.71 ± 23.46) mg/L, (18.04 ± 1.73) mU/L], 
(t = 10.821, 11.769, 9.568, respectively, P<0.05). However, the levels of HMGB1 [(16.39 ± 1.70) mmol/L] and NO [(70.01 ± 
7.46) μmol/L] were significantly higher in the RVO Group than the non-RVO Group [(15.79 ± 1.15) mmol/L, (59.48 ± 10.28) 
μmol/L], and the difference was statistically significant (t = 3.094, 8.774, respectively, P < 0.05). These findings suggest that 
Sse, HMGB1, GSH, NO, and SOD may be associated with RVO. Detailed results are presented in Table 3.

Table 1 Comparison of General Information Between the Two Groups

Items RVO Group (n= 
112)

Non -RVO Group 
(n=112)

χ2/t P

Gender [male/female, n] 59/53 61/51 0.072 0.789
Age [years, �x� s] 51.34 ± 6.12 52.17 ± 5.82 1.040 0.299

BMI [kg/m2, M (P25, P75)] 20.97 (19.80, 22.90) 20.93 (19.90, 23.10) −0.514 0.607

Disease duration [years, M (P25, P75)] 5.00 (5.00, 6.00) 6.00 (5.00, 6.00) −1.427 0.154
Comorbidities [hypertension/diabetes/coronary 

heart disease, n]

13/9/6 11/14/4 0.187/1.211/0.419 0.666/0.271/0.518

Smoking history [yes/no, n] 71/41 75/37 0.314 0.575
Drinking history [yes/no, n] 48/64 52/60 0.289 0.591

Intraocular pressure [mmHg, �x� s] 31.05 ±2.17 31. 31 ±2.21 0.888 0.375

Best corrected visual acuity at initial diagnosis 
[LogMAR, M (P25, P75)]

0.25 (0.20, 0.30) 0.24 (0.25, 0.30) −1.784 0.074

Abbreviations: RVO, Retinal vein occlusion; BMI, Body mass index.
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Roc Analysis of Sse and Redox Factors in Diagnosing RVO
The ROC curve was drawn, and it was found that the AUC values of Sse, HMGB1, GSH, NO and SOD for diagnosing 
RVO were 0.710 (95% CI: 0.646–0.770), 0.614 (95% CI: 0.541–0.688), 0.717 (95% CI: 0.633–0.771), 0.798 (95% CI: 
0.745–0.839), and 0.654 (95% CI: 0.596–0.712), respectively, all exceeding 0.6. These results indicate that these factors 
have good diagnostic efficacy for RVO, as shown in Figure 1.

Prediction of Prognosis with RVO Using Sse and Redox Factors
Analysis of Prognosis with RVO
All 112 RVO patients in the RVO Group received comprehensive treatment. Among them, 23 patients had poor 
prognosis, accounting for 20.54%, and were classified into the Poor Prognosis Group; 89 patients had good prognosis, 
accounting for 79.46%, and were classified into the Good Prognosis Group. The changes in Sse, HMGB1, GSH, NO, and 
SOD indicators were measured in both groups.

Changes in Sse and Redox Factors with Different Prognoses in the RVO Group
The levels of Sse [(92.45 ± 9.07) μg/L], GSH [(156.34 ± 14.83) mg/L], NO [(71.41 ± 7.56) 71.41 ± 7.56] and SOD 
[(20.14 ± 1.83) mU/L] in the Poor Prognosis Group were lower than those in the Good Prognosis Group [(99.05 ± 10.63) 
μg /L, (169.71 ± 17.42) mg/L, (89.48 ± 9.02) μmol /L, (23.03 ± 2.04) mU/L, respectively], and the differences were 
statistically significant (t = 2.730, 3.375, 8.831, 6.178, respectively, all P <0.05). However, the level of HMGB1 [(15.69 
± 1.65) mmol/L] was higher than that in the Good Prognosis Group [(13.29 ± 1.54) mmol/L], and the difference was 
statistically significant (t = 6.566, P <0.05), indicating that Sse, HMGB1, GSH, NO, SOD may be related to the 
prognosis of RVO patients. Details are shown in Table 4.

Table 2 Comparison of Laboratory Test Results Between the Two Groups

Items RVO Group  
(n= 112)

Non -RVO Group  
(n=112)

t P

D-D [μg/L, M (P25, P75)] 151.24 (141.50, 166.90) 152.20 (143.90,162.40) −0.291 0.771

CRP [mg/L, M (P25, P75)] 10.21 (9.20,11.30) 9.85 (9.00,10.60) −1.464 0.143

Scr [μmol/L, �x� s] 156.14 ± 13.95 153.96 ± 12.80 1.219 0.224
FBG [mmol/L, �x� s] 8.63 ± 0.81 8.45 ± 0.77 1.705 0.090

HbAlc [%, �x� s] 8.44 ± 0.93 8.25 ± 0.86 1.587 0.114

Abbreviations: RVO, Retinal vein occlusion; D-D, D-dimer; CRP, C-reactive protein; Scr, Serum creatinine; FBG, Fasting 
blood glucose; HbAlc, Glycosylated hemoglobin.

Table 3 Comparison of Sse and Redox Factor Levels Between the Two Groups

Parameter RVO Group  
(n= 112)

Non -RVO Group  
(n=11 2)

t P

Sse [μg/L, �x� s] 82.61 ± 8.75 91.05 ± 11.58 6.154 <0.001
HMGB1 [mmol/L, �x� s] 16.39 ± 1.70 15.79 ± 1.15 3.094 0.002

GSH [mg/L, �x� s] 153.34 ± 24.01 172.71 ± 23.46 6.107 <0.001

NO [μmol/L, �x� s] 70.01 ± 7.46 59.48 ± 10.28 8.774 <0.001
SOD [mU/L, �x� s] 17.14 ± 1.55 18.04 ± 1.73 4.101 <0.001

Abbreviations: RVO, Retinal vein occlusion; Sse, serum selenium; HMGB1, High mobility group protein B1; 
GSH, glutathione; NO, nitric oxide; SOD, Superoxide dismutase.
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Dependent and Independent Variables, and Collinearity Analysis
The prognosis of patients in the RVO group was used as the dependent variable, with good prognosis coded as 0 and poor 
prognosis as 1. The levels of Sse, HMGB1, GSH, NO, and SOD were assigned as independent variables, and all were 
treated as continuous measured values. Collinearity analysis revealed that these independent variables did not exhibit 
collinearity (variance inflation factor [VIF] ≤ 10, tolerance ≥ 0.1), indicating that they could be included in the Cox 
proportional hazards regression model, as shown in Table 5.

Cox Proportional Hazards Regression Analysis of Factors Influencing the Prognosis of Patients with RVO
Multivariate Cox regression analysis showed that the levels of Sse, HMGB1, GSH, NO, and SOD were all independent 
factors influencing the prognosis of patients with RVO (all P < 0.05), suggesting that these variables could be 
incorporated into the prognostic model for RVO patients, as shown in Table 6.

Table 4 Comparison of Sse and Oxidative Stress Marker Levels in RVO Patients with Different 
Prognoses

Parameters Poor Prognosis Group  
(n=2 3)

Good Prognosis Group  
(n= 89)

t P

Sse [μg/L, �x� s] 92.45 ± 9.07 99.05 ± 10.63 2.730 0.007

HMGB1 [mmol/L, �x� s] 15.69 ± 1.65 13.29 ± 1.54 6.566 <0.001

GSH [mg/L, �x� s] 156.34 ± 14.83 169.71 ± 17.42 3.375 0.001
NO [μmol/L, �x� s] 71.41 ± 7.56 89.48 ± 9.02 8.831 <0.001

SOD [mU/L, �x� s] 20.14 ± 1.83 23.03 ± 2.04 6.178 <0.001

Abbreviations: Sse, serum selenium; HMGB1, High mobility group protein B1; GSH, glutathione; NO, nitric oxide; SOD, 
Superoxide dismutase.

Figure 1 ROC Analysis of Sse and Oxidative Stress Markers for the Diagnosis of RVO.
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Nomogram and Calibration Curve for Predicting the Prognosis of RVO Patients Based on Sse and Oxidative 
Stress Markers
Based on the above analysis results, a risk prediction nomogram model for the prognosis of RVO patients was 
constructed, and a calibration curve was drawn. It was found that the calibration curve of the nomogram model for 
predicting the prognosis of RVO patients was close to the ideal curve, indicating that the nomogram has good consistency 
and predictive ability, and the model has high accuracy, as shown in Figure 2A and B).

Table 5 Dependent and Independent 
Variables and Collinearity Analysis

Item VIF Tolerance

Sse 1.053 0.949

HMGB1 1.217 0.822

GSH 1.040 0.961
NO 1.202 0.832

SOD 1.178 0.849

Abbreviations: Sse, serum selenium; HMGB1, 
High mobility group protein B1; GSH, glutathione; 
NO, nitric oxide; SOD, Superoxide dismutase; VIF, 
Variance inflation factor.

Table 6 Cox Proportional Hazards Regression Analysis of 
Prognostic Factors in RVO Patients

Item Β value SE P HR 95% CI

Sse −0.044 0.017 0.009 0.957 0.926~0.989

HMGB1 0.573 0.105 <0.001 1.774 1.445~2.179
GSH −0.041 0.012 0.001 0.960 0.937~0.983

NO −0.174 0.025 <0.001 0.841 0.800~0.884

SOD −0.563 0.108 <0.001 0.569 0.461~0.703

Abbreviations: Sse, serum selenium; HMGB1, High mobility group protein 
B1; GSH, Glutathione; NO, nitric oxide; SOD, Superoxide dismutase; HR, 
hazard ratio; CI, confidence interval.

Figure 2 Nomogram and Calibration Curve Based on Sse and Oxidative Stress Markers for Predicting the Prognosis of RVO Patients. (A) Nomogram for predicting the prognosis 
of RVO patients based on Sse and oxidative stress markers; (B) Calibration curve for assessing the agreement between predicted and observed prognosis in RVO patients.
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Discussion
As an ophthalmic disease with a high risk of blindness, the pathogenesis of retinal vein occlusion (RVO) involves 
complex processes such as vascular endothelial damage, hemodynamic changes, and local inflammatory response. In 
recent years, oxidative stress has been recognized as an important pathophysiological mechanism. Clinical scholars have 
pointed out that free radical damage caused by oxidative stress plays a key role in the occurrence and progression of 
ophthalmic diseases.20

This study pointed out that the levels of Sse, GSH, and SOD in the RVO group were lower than those in the non-RVO 
group. Previous studies have shown that the level of Sse in RVO patients is lower, which is consistent with the 
conclusion of this study.21 The reason may be related to the oxidative damage and inflammatory response of retinal 
blood vessels. Sse is a key component of selenoproteins and is widely involved in the antioxidant system in the body. Sse 
helps remove free radicals and reduce cell damage caused by oxidative stress by combining it with antioxidant enzymes 
such as glutathione peroxidase in the body. Low selenium levels lead to weakened antioxidant capacity, thereby 
aggravating retinal blood vessel damage, promoting thrombosis, and further aggravating vision loss. Similarly, GSH, 
as an important intracellular antioxidant, is rapidly consumed in response to increased oxidative stress caused by 
impaired retinal blood flow in RVO patients. Its decreased concentration is negatively correlated with the extent of 
retinal damage.22 SOD is a key enzyme responsible for eliminating superoxide anions. Its decreased activity directly 
reflects elevated local oxidative stress in the retina, which may further exacerbate vascular endothelial injury.23

This study found that HMGB1 and NO levels were higher in the RVO group than in the non-RVO group. HMGB1, as 
a major pro-inflammatory cytokine, reflects the inflammatory state and oxidative stress level in the retina of RVO patients 
when elevated, and may impair vascular endothelial integrity by activating inflammatory pathways.24 As a critical 
vasodilator, nitric oxide (NO) also plays a noteworthy role in RVO. A study by Khaloo P et al25 reported that serum NO 
levels in patients with diabetic retinopathy (DR) were significantly lower than in healthy controls and were associated 
with increased risk of ischemia. Moreover, other reports26 have noted that patients with RVO complicated by central 
retinal artery occlusion exhibited significantly lower NO levels than those with isolated RVO, suggesting that NO 
deficiency may exacerbate ischemic injury. However, in the present study, the overall NO levels in the RVO group were 
higher than those in the control group. This discrepancy may be related to the disease stage, RVO subtype, or the 
detection methods used in this study. Notably, a study by Goulopoulos et al27 emphasized that endothelial dysfunction is 
common in RVO patients and is closely related to NO function, although whether NO is elevated or decreased may be 
influenced by multiple factors. Nonetheless, changes in NO levels clearly reflect local retinal blood flow status and 
endothelial dysfunction, making it a valuable marker for evaluating vascular damage in RVO.

ROC analysis in this study revealed that Sse, HMGB1, GSH, NO, and SOD all demonstrated significant diagnostic 
value for RVO, with AUCs ranging from 0.614 to 0.798. In contrast, traditional inflammatory or hypercoagulable 
markers such as D-D and CRP did not show significant differences between groups, which differs from some previous 
literature.28 This may indicate that, in specific patient populations or disease states, such as those focusing on oxidative 
stress pathways. Sse in combination with HMGB1, GSH, NO, and SOD may offer unique diagnostic value, and may also 
reflect the specificity of the study population or detection techniques. These findings highlight the need for future 
research to conduct more detailed stratified analyses (eg, based on RVO type, severity, or complications) and to 
standardize detection methods. Despite these limitations, the data from this study further support the high combined 
diagnostic performance of Sse and the aforementioned redox-related markers in RVO.

Additionally, multivariate Cox proportional hazards regression confirmed that Sse, HMGB1, GSH, NO, and SOD 
were independent prognostic factors for patients with RVO. These findings are consistent with previous studies. For 
instance, a randomized trial29 reported that patients with poor RVO prognosis showed further decreases in Sse levels, 
suggesting persistent impairment of antioxidant capacity. Likewise, poor prognosis was often associated with signifi
cantly reduced GSH levels, indicating severe compromise of the antioxidant defense system.30 In vascular-related 
diseases, reduced NO levels are commonly linked to poor outcomes, reflecting worsening local circulation and 
hypoxia.31 Furthermore, high HMGB1 expression has been associated with poor prognosis in various diseases, and in 
RVO, it may contribute to retinal injury by promoting sustained inflammation.32 In this study, lower SOD levels were 
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also predictive of worse outcomes, likely due to persistent oxidative stress and inadequate scavenging capacity. The 
nomogram constructed based on these factors demonstrated good consistency, with the calibration curve closely 
approximating the ideal 45-degree line, preliminarily demonstrating the potential of multi-parameter integration. Its 
promising predictive performance suggested it may serve as a valuable auxiliary tool in clinical practice. Recently, 
LUNEGOVA et al33 also highlighted the core interaction between oxidative stress and inflammation in retinal vascular 
diseases, further supporting the multi-marker analysis strategy employed in this study.

However, the interpretation of this study’s findings should be approached with caution due to several limitations. 
First, the study population was relatively homogeneous. As a single-center prospective study, all samples were obtained 
from patients treated at our hospital, which limits the generalizability (external validity) of the results to broader 
populations, such as those from different regions, ethnic backgrounds, or healthcare settings. Second, there was 
insufficient control of confounding factors. Although the two groups showed comparability in baseline characteristics 
and certain laboratory parameters, unmeasured or uncontrolled confounders—such as dietary selenium intake, detailed 
medication history, environmental influences, and the status of other micronutrients—may have affected biomarker 
levels. Future prospective studies should aim to better match or adjust for these potential confounders. Third, the follow- 
up period was relatively short. Prognostic evaluation was limited to 6 months, which is appropriate for assessing short- 
term outcomes following the acute phase of RVO but may be inadequate for evaluating long-term prognosis. The natural 
course of RVO and its long-term outcomes require extended observation. Finally, this study focused primarily on serum 
biomarker levels, without an in-depth investigation of their roles or interactions within the retinal microenvironment.

Future research should validate these findings in larger, multicenter, prospective cohorts. Extended follow-up 
durations and mechanistic investigations using animal models or in vitro experiments are needed to elucidate how 
these biomarkers function and interact locally in the retina. Moreover, future studies should explore how these 
biomarkers can be incorporated into clinically practical diagnostic models or prognostic risk stratification tools to 
more accurately assess their real-world value in the clinical management of RVO.

Conclusion
In summary, this study demonstrated significant differences in the levels of Sse and oxidative stress-related factors 
(HMGB1, GSH, NO, and SOD) between the RVO and non-RVO groups, as well as between patients with poor and good 
prognoses. These findings suggest that the above biomarkers may have potential value in diagnosing RVO and predicting 
the prognosis of patients undergoing comprehensive treatment. The results further highlight the critical role of oxidative 
stress and inflammatory responses in the pathophysiological process of RVO and may provide preliminary evidence for 
the development of auxiliary diagnostic and prognostic tools based on multi-biomarker panel analysis.
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