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Abstract 

Background: Vitamin D supplementation may influence oxidative stress, but evidence in populations 
following specific dietary patterns is limited. Methods: In this 16-week intervention, 50 Orthodox 
nuns, received vitamin D supplementation (2000 IU/day orally) and 50 age-matched women 
following time-restricted eating (TRE) served as controls receiving no supplementation. 
Anthropometric parameters, serum 25-hydroxyvitamin D [25(OH)D], and oxidative stress markers 
— total antioxidant capacity (TAC), glutathione (GSH), and thiobarbituric acid reactive substances 
(TBARS) — were measured at baseline and post-intervention. Results: At baseline, both groups were 
comparable in anthropometric and oxidative stress markers, except for serum 25-hydroxyvitamin D 
[25(OH)D], which was lower in the intervention group. Following supplementation, serum 25(OH)D 
increased from 15.77±5.21 to 31.24±7.87 ng/mL (p = 0.031) in Οrthodox nuns. No significant changes 
were observed for TAC (0.93±0.11 to 0.97±0.09, p = 0.081),and GSH (6.01±1.55 to 5.81±1.41, p = 0.069), 
whereas TBARS decreased significantly (7.32±1.31 to 6.94±1.21, p = 0.041). No significant changes 
were observed in controls under TRE. Changes (Δ) in all variables represented the post–pre difference 
over the 16-week period. Pearson correlations showed no significant associations between Δ25(OH)D 
and ΔTAC (r = −0.244, p = 0.346), ΔGSH (r = 0.110, p = 0.675), or ΔTBARS (r = −0.116, p = 0.657). In 
multivariable regression adjusted for age, weight, body fat percentage, and baseline 25(OH)D, 
Δ25(OH)D was not an independent predictor of oxidative stress marker changes; however, weight (β 
= 0.08, p = 0.011) and body fat percentage (β = −0.13, p = 0.014) were associated with reductions in 
TBARS. Conclusions: Sixteen weeks of vitamin D supplementation in nuns adhering to Orthodox 
Christian fasting increased serum 25(OH)D concentrations and had neutral effects on oxidative stress 
markers. TBARS improvements could be attributed more closely linked to adiposity reductions than 
to vitamin D changes per se. 

Keywords: Vitamin D; oxidative stress; TAC; GSH; TBARS; fasting; women; supplementation 
 

1. Introduction 

Vitamin D, a fat-soluble ketosteroid, plays an essential role not only in calcium and bone 
homeostasis but also in various non-skeletal functions, including regulation of immune responses 
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and modulation of oxidative stress [1]. Oxidative stress, defined as an imbalance between reactive 
oxygen species (ROS) production and antioxidant defense mechanisms, contributes to the 
pathogenesis of numerous chronic diseases such as cardiovascular disorders, diabetes, and cancer 
[2].There is growing interest in understanding how nutritional interventions may influence oxidative 
stress, particularly in populations adhering to alternative dietary patterns such as religious or 
intermittent fasting [3]. 

Christian Orthodox fasting (COF) and time-restricted eating (TRE) represent structured dietary 
behaviors with potential implications for oxidative metabolism. The COF regimen involves 
abstinence from animal products and consumption of plant-based foods within a defined time 
window [4,5], while TRE often imposes a daily feeding schedule within 8 hours [6].These dietary 
practices may lead to alterations in energy intake, macronutrient composition, and antioxidant 
consumption, ultimately affecting redox status. Furthermore, both regimens may reduce 
inflammation and improve metabolic markers [7,8]. While several studies have examined the impact 
of fasting on glucose and lipid metabolism [9], less is known about its interaction with vitamin D 
metabolism and oxidative stress [10]. 

Vitamin D deficiency has been linked to increased oxidative damage through mechanisms 
involving NADPH oxidase inhibition and glutathione regulation [11–14]. Thus, vitamin D 
supplementation during fasting could theoretically attenuate oxidative damage and enhance 
antioxidant defense. 

The present study investigates the effect of 16-week vitamin D supplementation on key oxidative 
stress markers — total antioxidant capacity (TAC), glutathione (GSH), and thiobarbituric acid 
reactive substances (TBARS) — in Οrthodox nuns compared to a control non-supplemented group 
of women following TRE dietary patterns for promoting health. We aimed to determine whether 
vitamin D affects redox homeostasis and to assess whether baseline vitamin D status influences this 
response. 

2. Design 

This was a cross-sectional study before a period of 16-week implementation of COF and TRE in 
two groups of adult female nuns and lay women.We included a group of Orthodox nuns from 
monasterial communities of Northern Greece, which received a 2,000 IU daily dose of vitamin D₃ in 
the form of oral soft gel capsules for 16 weeks,and a control group of lay women did not receive any 
vitamin D supplement during the study period,following only TRE dietary regimens. 

3. Study Population 

We included 50 Christian Orthodox female adult nuns, from two different monasteries, 30–50 
years of age, residing in Central and Northern Greece and an age-matched cohort of 50 adult lay 
women from the same region. Orthodox nuns (but not lay women), with a baseline 25-
hydroxyvitamin D concentrations ≥ 20 ng/mL (as initially evaluated from the same initial cohort—
results published previously [15–18] were excluded. Women from the control group followed TRE 
dietary patterns at least for the last year for heapth promoting reasons. Additional exclusion criteria 
for both groups were the following: Body mass index (BMI) ≤ 25, amenorrhea ≥ 3 months, pregnancy, 
presence of chronic kidney disease, severe liver disease, diagnosis of prediabetes or diabetes mellitus 
according to ADA criteria, dyslipidemia, arterial hypertension, uncontrolled hypothyroidism, recent 
surgery, severe infections (during the past 3 months), administration of medications that can alter 
weight, glucose and lipid metabolism (e.g., statins, corticosteroids, and antipsychotics), intake of 
vitamins or mineral supplements, physical disabilities and/or neurodegenerative disorders that could 
affect physical activity, acute infections, and chronic degenerative diseases. 
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4. Dietary Patterns 

Orthodox nuns with at least 16 weeks adherence to COF were included in the study, whereas 
women from the general population followed TRE for 16 weeks, after a wash-out period of 3 weeks, 
before inclusion in the study. Orthodox nuns followed the Athonian type of fasting as previously 
described [19–22], abstaining from consumption of animal products (meat, poultry, eggs, dairy, and 
cheese), with the exception of seafood and fish, which fasters were permitted to eat on two specific 
weekdays, while the general population group was allowed to eat low-fat meat products without 
specific distribution and cut-offs of macronutrients and daily caloric intake. Orthodox nuns group 
adopted an 8 h eating interval (08:00 to 16:00), as dictated by typical monastery dietary rules, which 
are obligatory for all residents of the monastery, while the control groups followed a TRE regimes 
consumed food from 09:00 to 17:00. Adherence to dietary plans was evaluated with a 3-day food 
record (two weekdays and one weekend day) at the end of the study period, while the Nutrition 
Analysis Software Food Processor [https://esha.com/products/food-processor/ (accessed on 2 August 
2024)] [23] was used to analyze food records. Finally, levels, frequency, and duration of physical 
activity, divided into light, moderate, and intense physical activity, were recorded for all participants 
according to AHA recommendations [24]. 

5. Anthropometric Measurements and Biochemical Analysis 

Anthropometric measurements and biochemical analyses were performed in both groups using 
standardized procedures. Exact methods, reference ranges, equipment used, and other details were 
previously analytically described [25]. In brief, body weight (BW) was recorded to the nearest 0.01 kg 
using a calibrated computerized digital balance (K-Tron P1-SR, Onrion LLC, Bergenfield, NJ, USA); 
each participant was barefoot and lightly dressed during measurement.Body mass index (BMI), was 
calculated as the ratio of weight in kilograms divided by the height in meters squared (kg/m2) [26]. 
Body fat (BF) mass and percentage, visceral fat (VF), muscle mass, fat-free mass, and total body water 
were measured using bioelectrical impedance analysis (SC-330 S, Tanita Corporation, Tokyo, Japan) 
[27]. Blood samples were drawn in the morning, after a 12 h overnight fast by antecubital 
venipuncture, and the samples were stored at −20 °C prior to analysis. Samples were centrifuged and 
immediately frozen and then measured after one instance of defrosting, except from whole blood. 
Calcium (Ca) concentrations were evaluated using the COBAS8000 automated analyzer system 
(Roche Diagnostics GmbH, Mannheim, Germany). Parathyroid hormone (PTH) and 25(OH)D were 
tested in the COBAS e 602 immunochemistry module using electro-chemiluminescence (ECL) 
technology (Roche Diagnostics GmbH, Mannheim, Germany). Reference ranges of values as well as 
inter- and intra-assay coefficients of variation for the examined parameters are as follows: Ca: 8.4–
10.2 mg/dL, 0.8–1.3%, and 0.5–1.3%; PTH: 15–65 pg/mL (or 1.6–6.9 pmol/L), 1.1–2.0%, and 2.5–3.4%; 
25(OH)D: ≥30 ng/mL, 2.2–6.8%, and 3.4–13.1%. Insulin resistance was calculated using the 
homeostasis model assessment (HOMA-IR) formula described by Matthews et al. [28] as follows: FPI 
(mU/mL) × FPG (mmol/L)/22.5, where FPI stands for fasting plasma insulin and FPG for fasting 
plasma glucose. 

6. Markers of Oxidative Status 

6.1. Determination of Glutathione (GSH) Concentration in Red Blood Cells 

GSH concentration was determined according to the method of Reddy et al. [29] as previously 
described [30]. At first, 400 μL of RBCL was mixed with 400 μL of 5% trichloroacetic acid (TCA), 
respectively, and centrifuged (1500× g, 5 min, 5 °C). Afterwards, 300 μL of the supernatant was mixed 
with 90 μL of 5% TCA and centrifuged (1500× g, 5 min, 5 °C). The samples were vortexed and 
incubated for 45 min in the dark at room temperature (RT), and the optical density was measured at 
412 nm. GSH concentration was calculated based on the millimolar extinction coefficient of 2-nitro-
5-thiobenzoate (TNB) (13.6 L/mmol/cm). 
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6.2. Determination of Total Antioxidant Capacity (TAC) Concentrations in Plasma 

TAC levels were evaluated based on the protocol of Janaszewska and Bartosz [31]. More 
elaborately, 20 μL of plasma was mixed with 480 μL or 460 μL of phosphate buffer (10 mM, pH = 7.4), 
respectively, and, immediately, 500 μL of 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•) solution 
(0.1 mM) was added. The samples were vortexed, incubated for 1 h in the dark at RT, and centrifuged 
(1500× g, 3 min, 25 °C). Finally, the optical density was measured at 520 nm. TAC levels were 
expressed as the mmol of DPPH• reduced to the corresponding hydrazine by the antioxidant 
compounds present in plasma or tissue homogenates. 

6.3. Determination of Thiobarbituric Acid Reactive Substances (TBARSs) Concentrations in Plasma 

TBARS levels were determined by a slightly modified method by Keles et al. [32]. Specifically, 
100 μL of plasma was mixed with 500 μL of Tris-HCl (200 mM, pH = 7.4) and 500 μL of 35% TCA and 
incubated for 10 min at RT. After that, 1 mL of sodium sulfate (Na2SO4) (2 M) and thiobarbituric acid 
(TBA) (55 mM) solution was added, and the samples were placed in a water bath for 45 min at 95 °C. 
The resulting supernatant was used to measure the optical density at 530 nm. TBARS levels were 
calculated by applying the molar extinction coefficient of malonyl dialdehyde (ΜDA) (156,000 
L/mol/cm). 

7. Ethical Considerations 

The study was conducted in accordance with the Declaration of Helsinki on the human trial 
performance. Written informed consent for inclusion in the study was provided by participants. 
Official written approval for the inclusion of the Orthodox nuns group was provided by the Holy 
Supervision Council of the monasteries after submission of the full study protocol 12 months before 
study initiation. 

8. Statistical Analysis 

Continuous variables were reported as means and SDs. Dietary and nutrient intake were 
compared using paired samples t-test. Age differences between the groups with light, moderate, and 
intense physical activity were tested using one-way analysis of variance with Tukey post hoc test. 
The effect of level of physical activity on overall health markers was tested with analysis of covariance 
to control for age. Normality of distribution was assessed using the Shapiro–Wilk test. Parametric 
tests were used where assumptions were met; otherwise, appropriate non-parametric tests or 
transformations were applied. Residuals from regression models were checked to ensure valid 
interpretation. The among-group comparison was undertaken using nonparametric Mann–Whitney 
U test. Linear regression was used for multi-adjusted analysis. Assumptions were checked for each 
statistical analysis. Level of significance was set at p < 0.05 (non-directional). Data were analyzed 
using SPSS v22. 

9. Results 

Orthodox nuns were older than lay women (median age 42±5.8 vs. 38± 2.9,p < 0.015) but did not 
differ in median weight and BMI. At baseline, both groups were comparable in terms of 
anthropometric and oxidative stress markers, except for vitamin D concentration, which were lower 
in the intervention group. Following the 16-week vitamin D supplementation, the Orthodox nuns 
exhibited a significant increase in serum 25(OH)D levels (from 15.77±5.21 to 31.2±7.87 ng/mL, 
p<0.001).Body weight, BMI, and body fat percentage showed modest but statistically significant 
reductions in the intervention group (all p < 0.05), while no changes were observed in the control 
group. As for oxidative stress markers, non -significant changes were observed, with the exception 
of a slight TBARS reduction. In specific, TAC increased (from 0.93±0.11 to 0.97±0.09, p = 0.081), 
whereas concentrations of GSH and TBARS declined (6.01±1.55 to 5.81±1.41, p = 0.069), and (7.32±1.31 
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to 6.94±1.21, p = 0.041) accordingly, following supplementation in the intervention group. No 
significant differences were observed in the control group across any of these markers. 

Table 1. Anthropometric and oxidative stress-related parameters before and after vitamin D supplementation 
in Orthodox nuns compared to the control group. 

Variable Supplementation-Baseline Supplementation - Post p Controls - Baseline Controls - Post p 
Weight (kg) 71.52 ± 9.85 70.16 ± 9.51 0.021 68.75 ± 8.62 69.6 ± 8.29 0.287 
BMI (kg/m²) 27.02 ± 3.96 26.47 ± 3.75 0.194 26.53 ± 3.54 26.8 ± 3.54 0.476 
Body fat (%) 34.71 ± 8.42 33.96 ± 8.23 0.163 33.12 ± 7.97 32.6 ± 7.93 0.312 

25(OH)D (ng/mL) 15.77 ± 5.21 31.24 ± 7.87 0.031 26.41 ± 7.56 28.9 ± 7.58 0.534 
TAC 0.93 ± 0.11 0.97 ± 0.09 0.081 0.79 ± 0.08 0.79 ± 0.08 0.267 
GSH 6.01 ± 1.55 5.81 ± 1.41 0.069 7.11 ± 1.74 6.74 ± 1.74 0.453 

TBARS 7.32 ± 1.31 6.94 ± 1.21 0.041 7.4 3± 1.11 7.26 ± 1.12 0.634 

To explore whether changes in serum vitamin D concentrations were independently correlated 
or predicted changes in oxidative stress markers,we performed correlation and multivariable linear 
regression models in the intervention group (Orthodox nuns), adjusting for age, body weight, body 
fat percentage, and baseline 25(OH)D concentrations (Tables 2 and 3).Pearson correlation analysis in 
the intervention group (Orthodox nuns) showed no significant linear associations between the 
change in serum 25-hydroxyvitamin D [Δ25(OH)D] and changes in TAC (r = −0.244, p = 0.346), GSH 
(r = 0.110, p = 0.675), or TBARS (r = −0.116, p = 0.657) (Table 2). 

In multivariable linear regression models adjusted for age, weight, body fat percentage, and 
baseline 25(OH)D (Table 3), Δ25(OH)D did not emerge as an independent predictor of ΔTAC, ΔGSH, 
or ΔTBARS. For ΔGSH, none of the included predictors reached statistical significance. For ΔTAC, 
no variables were significantly associated with changes in antioxidant capacity. In contrast, for 
ΔTBARS, both weight (β = 0.08, p = 0.011) and body fat percentage (β = −0.13, p = 0.014) were 
independently associated with reductions in lipid peroxidation. 

Table 2. Pearson correlation coefficients between changes in serum 25-hydroxy-vitamin D (ΔVitamin D) and 
changes in oxidative stress markers (ΔTAC, ΔGSH, ΔTBARS) following vitamin D supplementation in Orthodox 
nuns. 

Outcome Pearson r 95% CI p-value 
TAC -0.244 -0.58 to 0.237 0.3463 
GSH 0.11 -0.435 to 0.64 0.6748 

TBARS -0.116 -0.535 to 0.318 0.6572 

Table 3. Multivariable linear regression models predicting changes in oxidative stress markers (Δ_TAC, Δ_GSH, 
Δ_TBARS) based on ΔVitamin D, adjusted for age, weight, body fat percentage, and baseline 25(OH)D. Each 
row displays the coefficient (β), standard error, and p-value for each predictor. 

Outcome Variable Coef. Std.Err. P-value 
ΔGSH const -1.11 4.58 0.814 
ΔGSH ΔVitD 0.05 0.06 0.447 
ΔGSH AGE (y) 0.01 0.05 0.866 
ΔGSH WEIGHT (kg) -0.0 0.06 0.948 
ΔGSH BODY FAT % -0.02 0.11 0.856 
ΔGSH 25(OH)-D3 (ng/mL) 0.06 0.07 0.375 

ΔTBARS const -1.18 1.89 0.548 
ΔTBARS ΔVitD -0.05 0.03 0.108 
ΔTBARS AGE (y) 0.03 0.02 0.128 
ΔTBARS WEIGHT (kg) 0.08 0.02 **0.011** 
ΔTBARS BODY FAT % -0.13 0.05 **0.014** 
ΔTBARS 25(OH)-D3 (ng/mL) -0.03 0.03 0.246 
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ΔTAC const -0.21 0.11 0.087 
ΔTAC ΔVitD 0.0 0.0 0.991 
ΔTAC AGE (y) 0.0 0.0 0.107 
ΔTAC WEIGHT (kg) 0.0 0.0 0.244 
ΔTAC BODY FAT % -0.0 0.0 0.999 
ΔTAC 25(OH)-D3 (ng/mL) 0.0 0.0 0.966 

 
Figure 1. Scatterplot of the change in serum 25-hydroxyvitamin D [Δ25(OH)D] versus the change in glutathione 
(ΔGSH) in the intervention group (Orthodox nuns). (r = 0.110, p = 0.675). 

 
Figure 2. Scatterplot of the change in serum 25-hydroxyvitamin D [Δ25(OH)D] versus the change in 
thiobarbituric acid reactive substances (ΔTBARS) in the intervention group (Orthodox nuns). (r = −0.116, p = 
0.657). 
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Subgroup analysis by baseline 25(OH)D levels (<20 ng/mL vs. ≥20 ng/mL) showed no significant 
differences in the post-supplementation changes in TAC, GSH, or TBARS. 

10. Discussion 

Vitamin D is a multi-potent factor initially considered as a vitamin, but gradually recognized as 
a hormone affecting multiple states of the body, apart from skeletal effects. Vitamin D exerts various 
roles on metabolic parameters, as well as oxidative stress, whose reduction is beneficial on 
endothelial and cardiac function [33–35]. 

When the body’s oxidative processes outweigh its antioxidant defenses, which should normally 
be in balance, oxidative stress causes cellular damage through the activity of reactive oxygen species 
(ROS). Glutathione peroxidase, superoxide dismutase, and other vitamins, including vitamin D, are 
all part of the antioxidant defense system. In particular, vitamin D has anti-oxidant properties by 
positively regulating superoxide dismutase and glutathione in cells [2]. 

Recent research has also focused on TRE and its possible positive impacts on cardiometabolic 
health. A calorie-restricting diet and an intermittent-fasting diet, which limits feeding times during 
specific hours, have different levels of metabolic and stress hormones [10]. Measurements of 
inflammation, oxidative stress, and cardiometabolic health hormones and cytokines (insulin, ghrelin, 
leptin, glucagon, adiponectin, resistin, advanced glycated-end products (AGE), advanced oxidation 
protein products, total ni-trite-nitrate levels, tumor necrosis factor-α, interleukin (IL)-6, IL-8, and IL-
10) were made in order to examine the effects of intermittent fasting and demonstrated that feeding 
under time restriction led to notable decreases in AGEs (approximately 25%) and advanced oxidation 
protein products (approximately 31%) [25].The findings of this current study demonstrate that short-
term vitamin D supplementation in Orthodox nuns adhering to religious fasting patterns had no 
effects in improving oxidative status under COF compared to TRE,with an exception of a potential 
subtle effect on TBARS concentrations. These results suggest a neutral effect of vitamin D on 
oxidative stress markers in a unique population adhering to restrictive dietary and lifestyle regimens. 

TBARS levels, which reflect lipid peroxidation and serve as a general index of oxidative stress 
[36,37], decreased significantly following vitamin D supplementation. This finding aligns with 
previous studies showing antioxidant effects of vitamin D through mechanisms that suppress 
reactive oxygen species [38,39] and downregulate pro-oxidant enzymes such as NADPH oxidase 
[40,41]. 

Multivariable regression analysis revealed that the change in TBARS was independently 
associated with vitamin D supplementation, even after controlling for age, weight, fat percentage, 
and baseline vitamin D status, indicating a potential mechanistic link.Interestingly, our subgroup 
analysis found no differential response in oxidative stress markers based on baseline vitamin D status 
(<20 ng/mL vs. ≥20 ng/mL). This suggests that the antioxidative effects of vitamin D may occur 
regardless of deficiency thresholds and supports its pleiotropic action across a range of vitamin D 
levels.Furthermore, no significant changes were observed in the control group, supporting the 
conclusion that observed shifts in oxidative stress biomarkers are attributable to the supplementation 
rather than time of feeding or fasting alone. In addition,this pilot study provides evidence for the 
effects of TRE for 16-weeks,demonstrating no effects on oxidative equilibrium. It is important to note 
that participants in the intervention group also experienced reductions in body weight and fat mass, 
which are known as crucial modulators of oxidative stress [45,46]. 

While these findings are promising, limitations should be acknowledged. The relatively small 
sample size may limit statistical power for subgroup or interaction effects. Moreover, the study was 
not randomized, and although both groups followed structured fasting protocols, residual 
confounding may persist. 

Oxidative stress biomarkers used provide only a partial picture of the redox system, and further 
studies should explore additional markers such as catalase, superoxide dismutase, or 8-isoprostane 
[47,48].An additional limitation of the present study is the relatively short intervention period of 16 
weeks, which may not have been sufficient to capture the full extent of potential changes in oxidative 
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stress biomarkers, particularly for parameters that respond more slowly to nutritional interventions. 
Furthermore, the study population consisted exclusively of middle-aged women adhering to specific 
religious dietary practices, which may limit the generalizability of the findings to other populations 
with different lifestyles, age ranges, or health statuses. Lastly, the lack of dietary intake assessment 
for antioxidant-rich foods or other supplements prevents us from fully accounting for potential 
dietary confounders that could have influenced oxidative stress outcomes. 

In conclusion, the findings of the present study indicate that 16 weeks of vitamin D 
supplementation in women following an Orthodox religious fasting regimen had an overall neutral 
effect on oxidative stress markers. Although a small but statistically significant reduction in TBARS 
levels was observed, the other markers (TAC, GSH) showed no significant changes. Multivariable 
regression analysis did not identify the change in vitamin D status as an independent predictor of 
oxidative stress marker variation, while reductions in TBARS were mainly associated with changes 
in body weight and body fat percentage. 

Overall, these results suggest that the impact of vitamin D supplementation on the oxidative 
profile of this specific population is limited and potentially secondary to body composition changes. 
Future studies with larger sample sizes and a broader panel of biomarkers are warranted to further 
explore the potential antioxidant properties of vitamin D in conjunction with different dietary 
patterns. 
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