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Abstract 
Background:  Vitamin E participates in lipid-phase antioxidant defence. Comparisons of 
oxidative damage and antioxidant biomarkers can describe biochemical differences 
associated with supplement use, without establishing clinical benefit. Objectives: To 
compare plasma malondialdehyde and total antioxidant capacity and erythrocyte 
superoxide dismutase and glutathione peroxidase activities between adult Vitamin E 
users and non-users. Methods: This study was carried out at K H Patil Institute of Medical 
Sciences, Gadag, Karnataka, India, during June 2025 to March 2026. 50 adults: 25 users 
and 25 non-users were included in the study. Unadjusted mean differences and 
approximate 95% confidence intervals were calculated using Welch methods. Results: 
Mean age was 40.2 ± 10.4 years among users and 41.0 ± 9.8 years among non-users. 
Malondialdehyde was 2.80 ± 0.65 versus 4.10 ± 0.90 µmol/L, respectively. Total 
antioxidant capacity was 1.42 ± 0.24 versus 1.08 ± 0.22 mmol/L. Superoxide dismutase 
activity was 1,280 ± 210 versus 1,050 ± 190 U/g haemoglobin; glutathione peroxidase 
activity was 48.6 ± 8.4 versus 39.2 ± 7.6 U/g haemoglobin. Users had 31.7% lower mean 
malondialdehyde and higher means for all three antioxidant measures. Conclusion: 
Vitamin E users demonstrated significantly lower plasma malondialdehyde levels and 
higher total antioxidant capacity, superoxide dismutase activity, and glutathione 
peroxidase activity than non-users. These findings indicate a favourable association 
between Vitamin E use and the oxidative stress–antioxidant biomarker profile in adults. 
The lower lipid peroxidation observed among users, together with higher endogenous 
antioxidant enzyme activity, supports the biological role of Vitamin E in antioxidant 
defence. 
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INTRODUCTION 
Oxidative stress describes disruption of redox signalling and control, together with molecular damage arising from an 
excessive oxidant burden. Reactive oxygen species also participate in normal cellular regulation, so their biological effects  
depend on concentration, location, and the capacity of protective systems. This distinction is relevant when interpreting 
antioxidant studies: a lower oxidative damage marker does not automatically demonstrate improved health. Measurements 

should therefore address both oxidative injury and antioxidant defence rather than rely on a single biochemical endpoint.[1] 
Vitamin E is a lipid-soluble nutrient with an established role in protecting polyunsaturated lipids against oxidation. Alpha-
tocopherol interrupts lipid peroxidation by donating hydrogen to lipid peroxyl radicals, thereby limiting propagation of 
oxidative reactions. Its antioxidant action depends on its distribution within membranes and lipoproteins and on interactions 
with other components of the redox network.[2,3] Vitamin E comprises several tocopherols and tocotrienols, which differ 
in metabolism, tissue retention, and biological activity. Consequently, supplement formulation and exposure cannot be 

treated as interchangeable characteristics.[4] 
 
Malondialdehyde (MDA), a product associated with lipid peroxidation, is frequently measured in studies of oxidative 
damage. However, its interpretation depends on specimen handling and analytical specificity; different assays do not 
necessarily quantify identical biochemical signals.[5] Plasma total antioxidant capacity (TAC) provides a complementary 
estimate of collective antioxidant activity under defined assay conditions. The ferric reducing ability of plasma method 

illustrates one approach to assessing reducing capacity, although a global assay cannot identify the contribution of an 
individual nutrient.[6] 
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Enzymatic defences provide another dimension of redox assessment. Superoxide dismutase (SOD) catalyses conversion of 

superoxide to hydrogen peroxide and oxygen, while glutathione peroxidase (GPx) participates in peroxide removal using 
reduced glutathione.[7,8] Erythrocyte activities, expressed relative to haemoglobin, offer a practical means of examining 
these systems. Nevertheless, higher activity can reflect differences in regulation or exposure rather than a direct 
pharmacological effect of Vitamin E. Considering MDA, TAC, SOD, and GPx together supports a broader biochemical 
comparison, while preserving the distinct meaning of each measurement. 
 
Observational comparisons are useful for exploring biomarker patterns among adults who already use supplements. Such 

comparisons also require attention to smoking, metabolic disorders, body composition, dietary intake, and other supplement 
use, because these characteristics influence exposure selection and oxidative status. Regional evidence is valuable when it 
is grounded in documented recruitment and validated measurements. The objective of this comparative observational study 
was to compare plasma MDA and TAC and erythrocyte SOD and GPx activities between adult Vitamin E users and non-
users at K H Patil Institute of Medical Sciences, Gadag, Karnataka, India. A secondary objective was to describe 
demographic and clinical characteristics relevant to interpretation of the between-group differences. 

  
MATERIALS AND METHODS 
Study design, setting, and period 

This comparative observational study was conducted at K H Patil Institute of Medical Sciences, Gadag, Karnataka, India, 
from June 2025 to March 2026. A total of 50 adults were included and divided into two groups: 25 Vitamin E users and 25 
non-users. Biomarker assessment was performed at a single time point; therefore, longitudinal follow-up and evaluation of 

changes from pretreatment or baseline values were not undertaken. The study is reported in accordance with the 
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement.[9] 
 

Participants and study size 

The study population comprised adults classified according to their existing Vitamin E use. A total of 50 participants were 
included, with 25 Vitamin E users and 25 non-users.  

 

Exposure and clinical variables 

The primary exposure variable was Vitamin E use at the time of enrolment. Participants were classified into Vitamin E 
users and non-users based on their existing supplement-use status. Information on the dose, formulation, frequency, 
duration, and indication for Vitamin E supplementation was obtained from the participant history and available study 
records. Demographic and clinical variables included age, sex, body mass index, smoking status, alcohol use, relevant 

comorbidities, concomitant medications, dietary factors, and use of other antioxidant supplements. These variables were 
assessed because of their potential influence on oxidative stress and antioxidant biomarker levels and were considered as 
possible confounding factors in the comparison between the two groups. 
 

Biomarker assessment and bias 

Oxidative stress and antioxidant status were assessed using plasma malondialdehyde, total antioxidant capacity, erythrocyte 

superoxide dismutase activity, and glutathione peroxidase activity. Blood samples were collected using standardized 
procedures and processed according to the laboratory protocol. Malondialdehyde was expressed in µmol/L, total 
antioxidant capacity in mmol/L, and superoxide dismutase and glutathione peroxidase activities in U/g haemoglobin.  
To minimize measurement bias, identical sample collection, handling, processing, and assay procedures were applied to 
both Vitamin E users and non-users. Laboratory analyses were performed under uniform conditions using the same 
analytical methods. Potential selection and confounding biases were addressed by applying consistent participant 

assessment procedures and documenting relevant demographic, lifestyle, clinical, dietary, and medication-related variables 
that could influence oxidative stress biomarkers. As Vitamin E exposure was pre-existing and not randomly assigned, 
residual confounding could not be completely excluded. 
 

Statistical analysis 

Statistical analysis was performed using descriptive and inferential methods. Continuous variables were summarized as 

mean ± standard deviation (SD), while categorical variables were expressed as frequencies and percentages. Biomarker 
values were compared between Vitamin E users and non-users using Welch’s independent-samples t test, which does not 
assume equal variances between groups. Between-group differences were reported as unadjusted mean differences with 
corresponding 95% confidence intervals (CIs). Percentage differences in mean biomarker concentrations or activities were 
additionally calculated to facilitate interpretation. All statistical tests were two-sided, and a p value <0.05 was considered 
statistically significant. 

 

Ethical considerations 

Necessary Permissions were obtained before starting the study. 
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RESULTS 

Demographic characteristics 
The study comprised 50 adults, with 25 in each exposure group. Mean age was 40.2 ± 10.4 years among Vitamin E users 
and 41.0 ± 9.8 years among non-users. Men constituted 52.0% and 56.0% of the respective groups. Mean body mass index 
was 25.2 ± 3.1 versus 25.6 ± 3.4 kg/m². Demographic characteristics are presented in Table 1. 
 

Table 1. Demographic characteristics of study participants (N = 50) 

Characteristic Vitamin E users (n = 25) Non-users (n = 25) 

Age, years 40.2 ± 10.4 41.0 ± 9.8 

Male, n (%) 13 (52.0) 14 (56.0) 

Female, n (%) 12 (48.0) 11 (44.0) 

Body mass index, kg/m² 25.2 ± 3.1 25.6 ± 3.4 

                       Note. Values are mean ± standard deviation or number (percentage).  
 

Clinical characteristics 
Current smoking was recorded for four users (16.0%) and five non-users (20.0%). Diabetes mellitus occurred in three 
(12.0%) and four (16.0%), while hypertension occurred in five (20.0%) and six (24.0%), respectively. These conditions 
are summarised in Table 2. 
 

Table 2. Clinical characteristics of the study sample 

Characteristic Vitamin E users (n = 25) Non-users (n = 25) 

Current smoking, n (%) 4 (16.0) 5 (20.0) 

Diabetes mellitus, n (%) 3 (12.0) 4 (16.0) 

Hypertension, n (%) 5 (20.0) 6 (24.0) 

                    Note. Clinical categories are not mutually exclusive.  
 

Oxidative stress and antioxidant biomarkers  

Mean plasma MDA was lower among users than non-users (2.80 ± 0.65 versus 4.10 ± 0.90 µmol/L). Mean TAC was higher 
among users (1.42 ± 0.24 versus 1.08 ± 0.22 mmol/L). Erythrocyte SOD activity was 1,280 ± 210 versus 1,050 ± 190 U/g 
haemoglobin, and GPx activity was 48.6 ± 8.4 versus 39.2 ± 7.6 U/g haemoglobin. Biomarker summaries appear in Table 
3. 

Table 3. Oxidative stress and antioxidant biomarkers  

Biomarker Vitamin E users (n = 25) Non-users (n = 25) 

Plasma MDA, µmol/L 2.80 ± 0.65 4.10 ± 0.90 

Plasma TAC, mmol/L 1.42 ± 0.24 1.08 ± 0.22 

Erythrocyte SOD, U/g Hb 1,280 ± 210 1,050 ± 190 

Erythrocyte GPx, U/g Hb 48.6 ± 8.4 39.2 ± 7.6 

Note. Values are mean ± standard deviation. MDA = malondialdehyde; TAC = total antioxidant capacity; SOD = 
superoxide dismutase; GPx = glutathione peroxidase; Hb = haemoglobin.  
 

Unadjusted between-group comparisons 
The unadjusted mean differences were −1.30 µmol/L for MDA, 0.34 mmol/L for TAC, 230 U/g haemoglobin for SOD, 
and 9.4 U/g haemoglobin for GPx.  

 

Table 4. Unadjusted differences calculated from summary values  

Biomarker Mean difference 95% confidence 
interval 

p value 

Plasma MDA, µmol/L -1.30 -1.75 to -0.85 <0.001 

Plasma TAC, mmol/L 0.34 0.21 to 0.47 <0.001 

Erythrocyte SOD, U/g Hb 230 116 to 344 <0.001 

Erythrocyte GPx, U/g Hb 9.4 4.8 to 14.0 <0.001 

Note. Differences represent Vitamin E users minus non-users, in the units shown. Confidence intervals and two-sided p 
values use Welch t methods with n = 25 per group. Calculations are approximate because summaries are rounded. 
Comparisons are exploratory and unadjusted for confounding or multiplicity. 
 

Relative to the non-user group mean, MDA was 31.7% lower among users. TAC, SOD, and GPx means were 31.5%, 
21.9%, and 24.0% higher, respectively.  
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DISCUSSION 

The study shows lower MDA alongside higher TAC, SOD, and GPx values among Vitamin E users. The mean MDA 
difference was −1.30 µmol/L, equivalent to a 31.7% lower group mean relative to non-users. The corresponding differences 
for TAC, SOD, and GPx were 0.34 mmol/L, 230 U/g haemoglobin, and 9.4 U/g haemoglobin. These coherent directions 
provide an example of how oxidative injury and antioxidant defence can be discussed together.  
The MDA pattern is biologically compatible with Vitamin E acting as a lipid -phase chain-breaking antioxidant.[2,3] 
However, mechanistic plausibility does not resolve confounding or prove that supplementation produced the difference. In 

a human supplementation study, Roberts and colleagues reported dose-dependent suppression of plasma F2-isoprostanes, 
illustrating that exposure intensity is relevant to an oxidative damage endpoint.[10] F2 -isoprostanes and MDA measure 
different aspects of lipid oxidation, and their numerical results cannot be directly compared. Differences in baseline 
oxidative burden, treatment duration, and assay performance further restrict comparisons between studies.  
Higher TAC in the user group suggests greater measured antioxidant capacity under the conditions of the unspecified assay. 
This result cannot be attributed exclusively to Vitamin E because plasma reducing activity reflects several constituents.[6] 

Similarly, higher erythrocyte SOD and GPx activities do not demonstrate direct enzyme induction. These enzymes occupy 
different positions in antioxidant defence, and their activities depend on biological and analytical conditions.[7,8] The 
absence of measured circulating alpha-tocopherol also prevents confirmation that the exposure categories corresponded to 
different biochemical Vitamin E status. 
Biomarker differences should be distinguished from patient-important outcomes. In the Heart Outcomes Prevention 
Evaluation trial, Vitamin E did not reduce cardiovascular events among high-risk participants.[11] The Selenium and 

Vitamin E Cancer Prevention Trial reported increased prostate cancer risk in men allocated to Vitamin E 
supplementation.[12] A meta-analysis by Miller and colleagues raised concerns about all-cause mortality with high-dose 
supplementation.[13] A broader Cochrane review likewise found no basis for routine antioxidant supplementation to 
prevent mortality and identified potential harm with some agents.[14] These findings concern different populations and 
outcomes, but they demonstrate why favourable surrogate measurements cannot establis h clinical benefit or justify 
supplementation recommendations. 

 
CONCLUSION 
Vitamin E users demonstrated lower plasma malondialdehyde levels and higher total antioxidant capacity, superoxide 
dismutase activity, and glutathione peroxidase activity compared with non-users. These findings suggest that Vitamin E 
use is associated with a more favourable oxidative stress and antioxidant biomarker profile in adults. The observed 
reduction in lipid peroxidation, together with higher antioxidant enzyme activity, is consistent with the established 

antioxidant role of Vitamin E. 
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