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Abstract

Background: Ascorbic acid (AA) is a major contributor to total antioxidant capacity (TAC) within intraocular tissues and
fluids, where it plays a critical role in neutralizing oxidative stress. Oxidative stress is implicated in cataractogenesis
and is further exacerbated during cataract surgery, particularly phacoemulsification, which generates hydroxyl radicals
and induces lipid peroxidation, reflected by increased malondialdehyde (MDA) levels. This study aimed to evaluate
the effect of seven days of oral vitamin C supplementation on oxidative stress biomarkers (AA, TAC, and MDA) in
plasma and aqueous humor of patients with hard cataracts.

Methods: This double-blind randomized controlled trial enrolled patients with hard cataracts, who were allocated to
receive either oral vitamin C (500 mg three times daily) or placebo for seven days prior to surgery. Levels of AA, TAC,
and MDA were measured in plasma before and after the intervention, as well as in aqueous humor collected
intraoperatively.

Results: Eighty-five patients were included, with 45 in the vitamin C group and 40 in the placebo group. No significant
differences were observed between groups in plasma AA, TAC, or MDA levels before or after the intervention (p >
0.05). In contrast, TAC levels in the aqueous humor were significantly higher in the vitamin C group compared with the
placebo group (1310.45 ± 645.03 μmol/L vs 944.31 ± 545.35 μmol/L; p < 0.001). However, aqueous humor AA and
MDA levels did not differ significantly between groups (p > 0.05).

Conclusion: Seven days of oral vitamin C supplementation significantly enhances total antioxidant capacity in the
aqueous humor but does not induce measurable changes in plasma or aqueous humor AA and MDA levels in patients
with hard cataracts. These findings suggest

a localized antioxidant effect within the anterior chamber, while highlighting the limited impact of short-term oral
supplementation on systemic and intraocular oxidative stress biomarkers.
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Effects of oral vitamin C on oxidative stress biomarker level in hard cataract patients: a 1 

randomized control trial 2 

 3 

Abstract 4 

Background: Ascorbic acid (AA) is a major contributor to total antioxidant capacity (TAC) 5 

within intraocular tissues and fluids, where it plays a critical role in neutralizing oxidative stress. 6 

Oxidative stress is implicated in cataractogenesis and is further exacerbated during cataract 7 

surgery, particularly phacoemulsification, which generates hydroxyl radicals and induces lipid 8 

peroxidation, reflected by increased malondialdehyde (MDA) levels. This study evaluated the 9 

effect of seven days of oral vitamin C supplementation on oxidative stress biomarkers (AA, TAC, 10 

and MDA) in plasma and aqueous humor of patients with hard cataracts. 11 

Methods: This double-blind randomized controlled trial enrolled patients with hard cataracts, who 12 

were allocated to receive either oral vitamin C (500 mg three times daily) or placebo for seven 13 

days prior to surgery. Levels of AA, TAC, and MDA were measured in plasma before and after 14 

the intervention, as well as in aqueous humor collected intraoperatively. 15 

Results: 85 patients were enrolled, with 45 assigned to the vitamin C group and 40 to the placebo 16 

group. No significant differences were observed between groups in plasma AA, TAC, or MDA 17 

levels before or after the intervention (p > 0.05). In contrast, TAC levels in the aqueous humor 18 

was significantly higher in the vitamin C group than in the placebo group (1310.45 ± 645.03 19 

µmol/L vs 944.31 ± 545.35 µmol/L; p < 0.001). However, aqueous humor AA and MDA levels 20 

did not differ significantly between groups (p > 0.05). 21 

Conclusion: Seven days of oral vitamin C supplementation significantly enhances total 22 

antioxidant capacity in the aqueous humor but does not induce measurable changes in plasma or 23 

aqueous humor AA and MDA levels in patients with hard cataracts. These findings suggest a 24 

localized antioxidant effect within the anterior chamber, while highlighting the limited impact of 25 

short-term oral supplementation on systemic and intraocular oxidative stress biomarkers. 26 
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Keywords: cataract, phacoemulsification, oxidative stress, vitamin C, antioxidant. 1 

Clinical trial registration: The trial was registered at www.clinicaltrials.gov (NCT06781970). 2 

 3 

INTRODUCTION 4 

Cataract, defined as progressive opacification of the ocular lens, remains the leading cause of 5 

blindness and visual impairment worldwide. In Indonesia, the prevalence of blindness reached 6 

approximately 1.4% in 2020, with cataract accounting for more than 80% of cases, 7 

corresponding to nearly three million affected individuals. As aging is a major risk factor for 8 

cataract development, the national burden of cataract-related blindness is expected to increase 9 

further in parallel with demographic aging, with the geriatric population in Indonesia projected 10 

to reach 20% by 2045.1,2 11 

 12 

Oxidative stress within the aqueous humor plays a central role in cataractogenesis, arising from 13 

chronic exposure to ultraviolet (UV) radiation and endogenous metabolic processes.3 Beyond 14 

its role in lens opacification, oxidative stress is also critically involved in cataract surgery–15 

related tissue injury. Phacoemulsification, the standard surgical technique for cataract 16 

extraction, generates additional free radicals as a result of ultrasound energy. Acoustic cavitation 17 

during ultrasound exposure leads to bubble formation and sonolysis within the aqueous humor, 18 

initiating the production of reactive oxygen species (ROS). These free radicals activate oxidative 19 

stress pathways in corneal endothelial cells, ultimately contributing to endothelial cell 20 

dysfunction and loss.4,5 Thus, oxidative stress represents a shared pathogenic mechanism linking 21 

cataract formation and postoperative corneal endothelial damage. 22 

 23 

One of the key biochemical consequences of oxidative stress is lipid peroxidation, in which free 24 

radicals interact with membrane lipids to generate cytotoxic byproducts such as 25 

malondialdehyde (MDA). MDA is widely recognized as a reliable biomarker of oxidative stress 26 
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and cellular membrane damage in ocular tissues.5 Counteracting oxidative injury requires a robust 1 

antioxidant defense system. Within intraocular tissues and fluids, ascorbic acid (AA) serves as 2 

the predominant antioxidant and a major determinant of total antioxidant capacity (TAC).6 3 

However, previous studies have demonstrated that AA concentrations in the aqueous humor 4 

decline with advancing age, particularly in patients with age-related cataracts, potentially 5 

increasing susceptibility to oxidative damage.7 6 

 7 

Despite growing evidence supporting the protective role of vitamin C against oxidative injury 8 

during cataract surgery, current data predominantly focus on clinical endpoints such as corneal 9 

endothelial cell density, while the biochemical effects of oral vitamin C on intraocular oxidative 10 

stress markers remain insufficiently characterized. In particular, it is unclear whether short-term 11 

oral supplementation can meaningfully modulate ascorbic acid availability, total 12 

antioxidant capacity, and lipid peroxidation within the aqueous humor, especially in patients 13 

with hard nuclear cataracts, a subgroup exposed to higher ultrasound energy and oxidative 14 

burden during phacoemulsification. Furthermore, the relationship between systemic antioxidant 15 

changes and localized intraocular redox status has not been adequately elucidated. This lack of 16 

mechanistic evidence limits the rational optimization of perioperative antioxidant strategies in 17 

cataract surgery. Based on these considerations, we therefore hypothesized that short-term oral 18 

vitamin C supplementation would significantly increase plasma and aqueous humor AA and 19 

TAC levels while decreasing MDA levels compared with placebo. 20 

 21 

METHODS 22 

This was a randomized, double-blind, parallel-group controlled trial with a 1:1 allocation. It 23 

aimed to evaluate the effect of oral vitamin C on oxidative stress markers AA, TAC, and MDA 24 

in plasma and aqueous humor of patients with hard nucleus cataracts who underwent 25 

phacoemulsification. The trial was registered in ClinicalTrials.gov (NCT06781970). 26 
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Participants were recruited from regional hospitals in Cianjur, West Java, and Serang, Banten, 1 

Indonesia, using a total sampling method. The required sample size was set at a minimum of  40 2 

subjects per group, based on a 95% confidence level and 90% statistical power (β = 0.10; α = 3 

0.05), assuming an expected difference of 0.25 μmol/L in aqueous humor MDA levels following 4 

oral vitamin C administration in the intervention group.  5 

 6 

Eligible participants were individuals aged over 60 years with senile cataracts in one or both 7 

eyes, graded as nuclear opacity 4–6 and nuclear color 4–6 according to the Lens Opacities 8 

Classification System (LOCS) III. All participants were required to provide written informed 9 

consent, comply with the prescribed treatment, and complete a seven-week follow-up period 10 

from enrollment. Exclusion criteria included hypersensitivity to vitamin C; occurrence of 11 

intraoperative complications or postoperative infections; presence of corneal endothelial 12 

disorders; prior intraocular surgery; glaucoma, ocular trauma, or intraocular inflammation; as 13 

well as comorbid diabetes mellitus, renal disease, or routine use of vitamin supplements. 14 

Participants were withdrawn if they were lost to follow-up or demonstrated poor adherence, 15 

defined as consumption of less than 80% of the prescribed medication, as assessed by pill count 16 

one week after the intervention. 17 

 18 

The primary outcome was mean change in serum and aqueous humor levels of ascorbic acid 19 

(AA), functioning as a main antioxidant, and malondialdehyde (MDA), used as an oxidative 20 

stress biomarker, measured at pre-intervention and after seven days of supplementation and 21 

compared between the two groups. The secondary endpoint was mean change in total 22 

antioxidant capacity (TAC) acting as a potential antioxidant capacity in both plasma and 23 

aqueous humor over the same period. 24 

 25 

 26 
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Intervention and Sampling Procedures 1 

Participants were recruited from a mass cataract surgery program conducted at regional hospitals 2 

in Cianjur and Serang. Baseline assessment included medical history taking and ocular 3 

examination (VA, IOP, lens grading, slit-lamp biomicroscopy, and fundoscopy). Blood samples 4 

were obtained to determine serum AA, MDA, and TAC. 5 

 6 

A total of 85 eligible participants were randomly assigned using a computer-generated sequence 7 

with allocation concealment. Participants were allocated to a treatment group (n = 45), which 8 

received 500 mg of oral vitamin C three times daily and to a control group (n = 40), which received 9 

a placebo. Blinding was maintained for participants and investigators, and all procedures were 10 

performed using a standardized phacoemulsification technique. 11 

 12 

Post-intervention assessment included monitoring of adverse events and repeat blood sampling. 13 

An initial sample (0.2 mL) was obtained following the first incision, followed by a second sample 14 

collected after viscoelastic removal. Preoperative samples were analyzed for AA, MDA, and TAC, 15 

whereas postoperative samples were analyzed for MDA only. All participants received standard 16 

postoperative topical antibiotics and corticosteroids. 17 

 18 

Measurement of oxidative stress biomarkers 19 

Blood and aqueous humor were analyzed at the Pharmacology Laboratory, Faculty of Medicine, 20 

University of Indonesia (FMUI). All procedures, from sample handling, including collection 21 

storage, and transport, were performed under strict time and temperature regulation to ensure 22 

stability, with transport duration not exceeding two hours. Blood samples were centrifuged 23 

within six hours at 1,000 G for 15 minutes to separate plasma, which was then stored at −80°C 24 

until analysis. Aqueous humor samples were maintained in dry ice at −78°C during transport 25 

and subsequently stored at −80°C for long-term preservation prior to testing. 26 
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 1 

Oxidative stress parameters were evaluated using validated methods. Ascorbic acid 2 

concentrations were measured by ELISA, while total antioxidant capacity was assessed using 3 

the QuantiChrom™ Antioxidant Assay. Malondialdehyde levels in aqueous humor were 4 

determined using an ELISA kit, whereas plasma malondialdehyde levels were analyzed using a 5 

spectrophotometric technique. The study procedures followed our previously published preprint 6 

protocol.8 7 

 8 

Statistical analysis 9 

Statistical analysis was performed after all data were collected and the number of subjects was 10 

met. The unit of analysis was the patient. For patients undergoing bilateral phacoemulsification, 11 

only one eye per patient was included in the analysis, selected based on the first eye operated. 12 

 13 

Data were processed and analyzed using IBM SPSS Statistics. Baseline characteristics were 14 

summarized descriptively. The distribution of numerical variables was assessed using the 15 

Shapiro–Wilk test; normally distributed data are presented as mean ± standard deviation, while 16 

non-normally distributed data are reported as median with interquartile range. Categorical 17 

variables are expressed as frequencies and percentages. Comparisons between groups were 18 

performed using the independent t-test or Mann–Whitney U test, as appropriate. Paired analyses 19 

were conducted using the paired t-test or Wilcoxon signed-rank test. Associations between 20 

categorical variables were evaluated using the Pearson chi-squared test. A p-value of <0.05 was 21 

considered statistically significant. 22 

 23 

Ethical statement 24 

Ethical approval was obtained from the Ethics Committee of the Faculty of Medicine, University 25 

of Indonesia – Cipto Mangunkusumo Hospital (Ref: KET-1252/UN2.F1/ETIK/PPM.00.02/2024; 26 
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protocol no. 24-08-1198). Written informed consent was obtained from all participants prior to 1 

enrollment. 2 

 3 

RESULT 4 

A total of 85 patients were included in this study, with 45 assigned to the treatment group and 5 

40 to the control group, as shown in  Image1. A total of 4 participants in the control group did 6 

not complete the study, resulting in loss to follow-up. 7 

(Figure 1) 8 

 9 

As shown in Table 1, baseline demographic and clinical characteristics were compared between 10 

the two groups. The mean age was similar in both groups (p = 0.091), and no significant 11 

differences were observed in sex distribution, occupational sun exposure, or smoking history 12 

(all p > 0.05). Baseline visual acuity, measured in logMAR, was comparable between the 13 

treatment and control groups (2.48 vs. 2.47; p = 0.272). Regarding cataract density, the 14 

distribution across NO4NC4, NO5NC5, and NO6NC6 grades showed no statistically significant 15 

differences between groups (p = 0.072). 16 

(Table 1) 17 

 18 

The changes in serum AA, TAC, and MDA are summarized in Tables 2 and 3. Baseline serum 19 

biomarker concentrations were assessed before the intervention to establish a comparative 20 

baseline. Statistical analysis revealed no significant intergroup differences at baseline and one 21 

week after vitamin C supplementation. 22 

(Table 2) 23 

 24 

Results showed a statistically significant elevation in serum AA levels (p < 0.05 intra-group 25 

analysis); however, no significant disparities were observed between the groups (p > 0.05), 26 
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Table 3. TAC baseline serum concentrations showed no significant difference between the 1 

Vitamin C and placebo groups. Following the one-week intervention, TAC levels remained 2 

relatively lower, with intra-group analysis revealing a non-significant decline (p > 0.05). 3 

Similarly, Malondialdehyde (MDA) levels remained stable at both baseline and the one-week 4 

follow-up. 5 

(Table 3) 6 

 7 

The concentrations of AA, TAC, and MDA in the aqueous humor collected one week post-8 

intervention demonstrated varying results between groups as detailed in Table 4, Aqueous 9 

humor AA levels showed no statistically significant disparity between the intervention and 10 

control groups. In contrast, the analysis of aqueous TAC levels revealed a significant difference 11 

between the two cohorts. Furthermore, systemic MDA concentrations within the aqueous humor 12 

demonstrated no significant variations between the treatment and control groups. 13 

(Table 4) 14 

 15 

Table 5 shows that aqueous MDA levels before phacoemulsification were lower in the vitamin C 16 

group than in the placebo group, although the difference was not statistically significant, a 17 

similar pattern was observed for post-phacoemulsification MDA levels. 18 

(Table 5) 19 

 20 

DISCUSSION 21 

Data had demonstrated an equal distribution across the groups, with no statistically significant 22 

differences in demographic variables observed between groups. The age distribution was 23 

consistent with the typical clinical presentation of senile cataracts. Occupational sunlight 24 

exposure, a recognized risk factor for cataract formation, did not predominate between the study 25 

group. Although a substantial proportion of participants reported no history of excessive 26 
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ultraviolet exposure, a high prevalence of dense cataracts was still observed, suggesting that 1 

advanced age was the primary contributing factor. Similar patterns were noted for smoking 2 

status, which was evenly distributed across all groups. 3 

 4 

Visual acuity was markedly reduced across all groups, with the majority of participants meeting 5 

the criteria for blindness in one or both eyes. These findings are consistent with the severity of 6 

lens opacification observed in this cohort, as all subjects presented with cataracts graded as 7 

Grade 4 or higher, and approximately two-thirds were classified as Grade 5 or 6 according to 8 

the Lens Opacities Classification System III (LOCS III). Cataract-related blindness therefore, 9 

remains a significant public health concern within the Indonesian population.9,10 10 

 11 

Plasma ascorbic acid levels increased by 636.53 ng/mL in the intervention group, which was 12 

equivalent to the control group. The increase in ascorbic acid (AA) observed in the control group 13 

may be explained by routine dietary intake, particularly seasonal consumption of fruits and 14 

vegetables. Previous studies have shown that a normal diet can produce circulating AA levels 15 

comparable to those achieved with oral supplementation. In addition, absorption of oral vitamin 16 

C is regulated by the sodium-dependent vitamin C transporter-1 (SVCT1), which operates as a 17 

saturable system. Once this transporter is fully engaged, further increases in oral 18 

supplementation do not result in higher plasma AA concentrations and excess vitamin C is 19 

readily excreted. Together, these factors likely account for the similar rise in AA levels seen in 20 

both the supplementation and placebo groups, despite differences in oral vitamin C intake. 21 

 22 

Systemic TAC and MDA did not significantly diverge between groups. Plasma TAC slightly 23 

lower after intervention with no significant inter-group difference, with no significant intergroup 24 

difference. Plasma TAC is primarily governed by endogenous antioxidant systems; AA typically 25 

contributes less than 10% to the total systemic capacity.11 26 
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 1 

Serum MDA levels remained stable in both groups, suggesting that the one-week intervention 2 

was insufficient to alter markers of systemic lipid peroxidation in an aging population. In 3 

comparison, a study by Kaur et al. evaluating systemic oxidative stress in a cataract population 4 

reported significantly higher serum MDA concentrations 5.43±1.69 nmol/ml, compared to 5 

2.42±0.46 nmol/ml in their respective control group.12 6 

 7 

In contrast to MDA findings, the Vitamin C group demonstrated significantly higher aqueous 8 

TAC levels compared to the control group. Oral supplementation of 500 mg Vitamin C for seven 9 

days effectively enhanced the intraocular antioxidant capacity. TAC represents the cumulative 10 

ability of the aqueous humor to neutralize oxidative stress through the synergistic interaction of 11 

various antioxidants, rather than the concentration of a single substance. 12 

 13 

Oral Vitamin C acts as an electron donor and a catalyst for the antioxidant network, stimulating 14 

the activity of glutathione, Vitamin E, and enzymatic antioxidants. Systemic Vitamin C 15 

supplementation has been shown to increase the expression of antioxidant genes and enzymatic 16 

activity within ocular tissues, a benefit not typically observed with local AA application. 17 

Elevated TAC levels provide a protective buffer for the corneal endothelium, which is directly 18 

exposed to free radicals generated during phacoemulsification.6,7,13 19 

 20 

Analysis of aqueous AA concentrations revealed comparable median values between the 21 

treatment and control groups, suggesting that one week of oral supplementation did not 22 

significantly elevate local AA beyond physiological baseline. AA enters the aqueous humor via 23 

active transport through sodium-dependent vitamin C transporters (SVCT1 and SVCT2) and 24 

facilitated diffusion via GLUT1. While the ciliary body has high transporter expression, the 25 

entry of AA into the eye is limited by transporter saturation. Even with high-dose systemic intake, 26 
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aqueous AA levels are physiologically capped by the availability of these transporters.6,14 High 1 

aqueous AA in the control group may reflect transient dietary intake, whereas supplementation 2 

provides more stable systemic levels that contribute to the long-term stability of the TAC.6,7 3 

 4 

Previous studies suggest that intravenous administration or direct inclusion of Vitamin C in 5 

surgical irrigation fluids may be more effective than oral routes for acutely bypassing these 6 

transport limits to protect the corneal endothelium during surgery.7 7 

 8 

Aqueous humor malondialdehyde (MDA), a localized byproduct of lipid peroxidation, reflects 9 

the intraocular oxidative stress environment. While ocular degenerative diseases, such as 10 

cataracts and glaucoma are typically associated with elevated MDA and depleted antioxidant 11 

levels.15,16 However, this study found no significant difference in aqueous MDA between the 12 

Vitamin C and placebo groups. One week of oral Vitamin C supplementation appears 13 

insufficient to significantly mitigate the chronic oxidative stress present in high-density 14 

cataracts. Prolonged intervention may be necessary to achieve a measurable reduction in long-15 

term oxidative markers. 16 

 17 

To assess the acute impact of surgery, MDA levels were measured two minutes post-18 

phacoemulsification, following the protocol by Liu et al. This interval accounts for the 19 

replenishment of intraocular fluids after the initial aqueous humor is replaced by irrigation 20 

during nucleus emulsification and cortex aspiration. Post-operative MDA levels were similar in 21 

both cohorts, with a marginally higher increase in the control group. This minimal difference 22 

aligns with previous findings reported by Liu et al.17 23 

 24 

A major strength of this study is the direct measurement of oxidative stress biomarkers in the 25 

aqueous humor of patients with hard nuclear cataracts, a subgroup known to require higher 26 
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ultrasound energy during phacoemulsification and therefore potentially exposed to greater 1 

oxidative burden. Only few clinical studies have evaluated oxidative stress biochemical changes 2 

following phacoemulsification within the anterior chamber itself. By integrating aqueous humor 3 

total antioxidant capacity (TAC) with systemic biomarkers, this study provides mechanistic 4 

insight into the localized antioxidant response during cataract surgery. The intervention period 5 

of seven days may be considered relatively short; however, this duration was intentionally 6 

designed to reflect real-world preoperative practice, in which medications are typically 7 

administered shortly before surgery. While longer supplementation might yield additional 8 

insights into sustained antioxidant effects, the present design allows evaluation of a clinically 9 

applicable and practical preoperative strategy. Future studies with extended supplementation 10 

duration and longitudinal follow-up may further clarify the long-term impact on endothelial 11 

preservation. 12 

 13 

In this study, short-term oral vitamin C supplementation did not significantly affect systemic or 14 

aqueous oxidative stress markers. However, it was associated with a significant increase in 15 

aqueous total antioxidant capacity. These findings indicate that while brief supplementation may 16 

not be sufficient to reduce established oxidative damage, it may enhance intraocular antioxidant 17 

defenses. Further studies with longer supplementation periods or alternative routes of 18 

administration are warranted in patients with dense senile cataracts. 19 

 20 

 21 

 22 

 23 

 24 

 25 
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Table 1. Demographic and Clinical Characteristics of participants 1 

Variable Treatment Group  

(n = 45) 

Control Group  

(n = 40) 

p value  Effect size (95% CI) 

Age (year)   63.69 ± 6.72  66.33 ± 7.47 0.091* d = 0.37 (−0.06 – 0.80) 

Gender      

Male 25 (55.6%) 21 (52.5%) 0.778** φ = 0.031 

Female 20 (44.4%) 19 (47.5%)   

Occupation     

Sun-exposed 22 (48.9%) 23 (57.5%) 0.427** φ = 0.086 

Non-sun  

        exposed 

23 (51.1%) 17 (42.5%)   

Smoking History      

Yes 23 (51.1%) 18 (45.0%) 0.574** φ = 0.061 

No 22 (48.9%) 22 (55.0%)   

Visual Acuity 

(logMAR) 

2.477 (1.00) 2.48 (0.70) 0.272*** r = 0.12 

Cataract Density      

NO4NC4 14 (31.1%) 19 (47.5%) 0.072** φ = 0.249 

NO5NC5 13 (28.9%) 4 (10.0%)   

NO6NC6 19 (40.0%) 17 (42.5%)   

*Independent T-test **Chi square ***Mann–Whitney test 2 
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Table 2. Serum Levels of AA, TAC, and MDA Following One-Week Vitamin C Supplementation 1 

Biomarker Treatment Group 

(n=45) 

Control Group 

(n=40) 

p value  Effect Size  

(95% CI) 

 

AA (ng/mL)     

Pre-Intervention 2630.72 (1958.78) 2708.26 (1894.80) 0.588* r = 0.006 

Post 

Supplementation 

3222.83 (1650.29) 3356.41 (1655.01) 0.947* r = 0.00078 

Mean Difference 636.53 (1215.19) 697.85 (1482.9) 0.647* r = 0.005 

TAC (µM)     

Pre-Intervention 95 (85.33) 97.27 (127.00) 0.476* r = 0.0083 

Post 

Supplementation 

83.30 (64.70) 72.60 (65.73) 0.937* r = 0.0009 

Mean Difference -19.09 (67.71) -17.67 (94.69) 0.755* r = 0.0037 

MDA (nMol/mL)     

Pre-Intervention 0.92 ± 0.31 0.83 ± 0.24 0.131** 0.327 *** 

(-0.103 – 0.7550) 

Post 

Supplementation 

0.80 (0.24) 0.81 (0.31) 0.735* r = 0.0039 

Mean Difference -0.041 ± 0.60 -0.05 ± 0.45 0.594** -0.114 *** 

(-0.540 – 0.312) 

*Mann–Whitney test **Independent T-test ***Cohen's D 2 
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Table 3. Comparison of serum AA, TAC and MDA Pre-intervention and One-Week after 1 

Vitamin C Supplementation 2 

Group Pre- 

intervention 

Post- - 

intervention 

Mean 

Difference 

p value  Effect Size  

(95% CI) 

AA (ng/mL)      

Treatment 

Group (n=45) 

2878.52 ± 

1871.32 

3584.93 ± 

1288.32 

706.40 ± 

1152.03 

< 0.001* -0.512 ( -0.821- -

0.199) *** 

Control Group  

(n=40) 

2993.21 ± 

1188.00  

3459.53 ± 

1253.84 

526.32 ± 

1277.12 

0.003* -0.412 (-0.733 - -

0.087) *** 

TAC (µM)      

Treatment 

Group (n=45) 

68.17 (120.89) 80.60 (95.56) -7.5 (74.57) 0.615** r = 0.016 

Control Group  

(n=40) 

97.27 (127) 72.6 (65.23) -17.66 (94.69) 0.078** r = 0.021 

MDA (nMol/mL)      

Treatment 

Group (n=45) 

0.93 ± 0.26 0.87 ± 0.19 -0.07 ± 0.33  0.076* 0.88 (-0.205 – 

0.381) *** 

Control Group  

(n=40) 

0.83 ± 0.24 0.84 ± 0.31 0.006 ± 0.45  0.174* 0.018 (-0.327  - 

0.292) *** 

*Dependent T-test **Wilcoxon Test ***Cohen’s D 3 
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Table 4. Aqueous levels of AA, TAC and MDA Following One-Week Vitamin C 1 

Supplementation 2 

Biomarker Treatment Group 

(n=45) 

Control Group 

(n=40) 

p value Effect size 

(95% CI) 

AA (ng/mL) 512.60 (544.64) 592.69 (662.08) 0.250* r = 0.12 

TAC (umol/L) 1310.45 (645.03) 944.31 (545.35) <0.001* r = 0.62 

MDA (ng/mL) 16.61 ± 9.03 17.32 ± 8.68 0.715** d = 0.08 (−0.35 

– 0.51) 

*Mann–Whitney test **Independent T-test 3 
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Table 5. MDA level in aqueous humor 1 

MDA level in Aqueous 

Humor 

Treatment Group 

(n=45) 
Control Group 

(n=40) 
p value Effect size (95% 

CI) 

Pre Phacoemulsification 

(ng/mL) 

16.61 ± 9.03 17.32 ± 8.68 0.715* d = 0.08 (−0.35 – 0.51) 

Post Phacoemulsification 

(ng/mL) 

21.39 (16.77) 21.47 (12.27) 0.725** r = 0.04 

**Independent T-test **Mann–Whitney Test  2 
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 1 

Figure 1. CONSORT Flow Diagram of the Study 2 
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