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Background: Vitamin D deficiency is highly prevalent in populations following
intermittent or religious fasting, particularly Orthodox nuns with limited sun
exposure and dietary restrictions. Vitamin D may modulate adipokines and
inflammatory markers, but clinical evidence remains inconsistent.

Objective: To investigate the effects of vitamin D supplementation on
interleukin-6 (IL-6) and leptin concentrations in Orthodox nuns compared with
non-supplemented controls.

Methods: In this controlled, non-randomized trial, 33 Orthodox nuns received
oral vitamin Dz supplementation (2,500 IU/day) for 16 weeks, while 42 age-
matched women following Orthodox intermittent fasting served as controls.
Anthropometric indices and serum concentrations of 25-hydroxyvitamin D [25
(OH)DI, IL-6, leptin, parathyroid hormone, insulin, and C-reactive protein were
measured at baseline and follow-up.

Results: At baseline, serum 25(OH)D concentrations were lower in the
supplementation group compared with controls (23.4 + 10.1 vs. 27.7 + 11.2 ng/
mL, p = 0.043). After 16 weeks, 25(0OH)D increased significantly in the
supplementation group (23.4 + 10.1 vs. 33.9 + 11.0 ng/mL, p < 0.001), with no
change in controls (27.7 + 11.2 vs. 28.5 + 12.2 ng/mL, p = 0.941). Leptin showed a
non-significant decrease in the supplementation group (24.4 + 183 vs. 219 +
13.5 ng/mL, p = 0.215), whereas in the controls, it remained unchanged (23.21 +
14.67 vs. 24.05 + 13.89 pg/mL, p = 0.365). IL-6 did not change significantly in
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either group. Exploratory multivariable regression did not reveal significant
predictors of leptin changes.

Conclusions: Vitamin D supplementation effectively corrected deficiency but did
not significantly affect leptin or IL-6 concentrations. These results highlight the
need for larger and longer studies to further clarify the immunometabolic impact
of vitamin D supplementation in women practicing intermittent fasting.

vitamin D, IL-6, leptin, supplementation, intermittent fasting, orthodox nuns

Introduction

Vitamin D is a secosteroid hormone with a central role in
calcium-phosphate homeostasis, skeletal integrity, and multiple
extraskeletal processes, including immune regulation, metabolic
balance, and cardiovascular health (1, 2). Serum 25-
hydroxyvitamin D [25(OH)D] is the most reliable biomarker of
vitamin D status. Low concentrations of 25(OH)D are highly
prevalent worldwide and have been linked to increased risks of
metabolic syndrome, autoimmune disorders, and chronic
inflammatory states (3-5). Populations with restricted sun
exposure, such as women living in religious communities, are
particularly prone to vitamin D deficiency due to conservative
clothing habits and limited outdoor activities (6, 7).

Beyond its classical endocrine functions, vitamin D is
increasingly recognized for its immunomodulatory properties.
Experimental studies demonstrate that the active metabolite, 1,25-
dihydroxyvitamin D, regulates T-cell differentiation, suppresses
pro-inflammatory cytokine production, and enhances anti-
inflammatory pathways (8, 9). Interleukin-6 (IL-6) is a key pro-
inflammatory cytokine implicated in obesity, insulin resistance, and
atherosclerosis, while leptin is an adipokine secreted by adipose
tissue that bridges energy homeostasis with immune function (10,
11). Elevated IL-6 and leptin concentrations have been associated
with systemic inflammation, cardiometabolic disease, and increased
all-cause mortality (12, 13). Thus, the potential ability of vitamin D
to modulate IL-6 and leptin levels has emerged as an attractive
hypothesis for nutritional and therapeutic intervention.

Human trials investigating the effect of vitamin D
supplementation on IL-6 and leptin have yielded inconsistent
findings. Some randomized controlled trials (RCTs) reported
reductions in circulating IL-6 or leptin following vitamin D
repletion (14, 15), whereas others found no significant changes
(16-18). Differences in baseline vitamin D status, supplementation
dose and duration, and study population characteristics may
account for these discrepancies. In particular, data are scarce in
populations with a high risk for developing hypovitaminosis D,
such as Orthodox monastic communities and lay people following
intermittent or religious fasting practices, due to periodic abstinence
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from animal-derived foods and reduced intake of vitamin D-rich
sources such as dairy and fish (19). In addition, coupled with
limited sun exposure due to sartorial habits among Orthodox
nuns, a particularly high prevalence of vitamin D deficiency has
been reported previously in these populations (7, 20, 21).

The present study aimed to investigate the effects of 16-week
vitamin D supplementation on IL-6 and leptin concentrations in
Orthodox nuns compared with lay women from the general
population following Orthodox intermittent fasting. Secondary
objectives included examining correlations between changes in 25
(OH)D and changes in IL-6 or leptin, as well as evaluating whether
vitamin D repletion independently predicted these outcomes after
adjusting for anthropometric and biochemical covariates.

Methods
Design

This was a controlled, non-randomized intervention study
conducted between January and April 2025. Participants were
divided into two groups: a supplementation group of 33
Orthodox nuns receiving a daily oral regimen of 2,500 IU vitamin
D3 (in the form of oil-based drops or softgel tablets) and a control
group of 42 women following fasting practices without intervention.

Study populations—interventions and
follow-up

We included convenient samples of Orthodox nuns from two
monastic communities and an age-matched cohort of adult lay
women from the same region, recruited from local parishes and
community networks in northern Greece. Participants were initially
screened for eligibility through medical history, fasting blood
sampling, and anthropometric assessment and were divided into
two groups: a supplementation group (Orthodox nuns) receiving a
daily oral regimen of 2,500 international units (IU) vitamin D3 daily
(in the form of oil-based drops or softgel tablets) and a control
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group without intervention. Each monastic community followed a
uniform supplementation form (either tablets or drops). Both
groups followed the Athonian type of fasting as previously
described (7, 19-24). The Orthodox nun group adopted an 8-h
eating interval (08:00 to 16:00), as dictated by monastery dietary
rules, while the control group consumed food from 09:00 to 17:00.
The inclusion criteria were age between 30 and 50 years and regular
participation in fasting practices for lay women. The exclusion
criteria were current vitamin D supplementation, body mass index
(BMI) <25, amenorrhea >3 months, pregnancy, administration of
medications that can alter weight, glucose and lipid metabolism,
and chronic kidney or liver disease. Participants in the control
group were age-matched lay women recruited from local parishes
within the same region and time frame as the monastic cohort to
minimize seasonal and environmental variability, particularly in
terms of sunlight exposure. Although physical activity levels were
not objectively quantified, both groups shared similar daily
schedules with low-intensity activities and limited
outdoor exposure.

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
2025)] was used to analyze food records. A follow-up evaluation
was conducted 16 weeks after supplementation initiation for the
intervention group. The control group underwent assessments on
the same timeline without receiving supplementation.

Anthropometric measurements and
biochemical analysis

Body weight and height were recorded. Body weight was
measured to the nearest 0.01 kg using a calibrated digital scale (K-
Tron P1-SR, Onrion LLC, Bergenfield, NJ, USA), with participants
barefoot and wearing light clothing. BMI was then computed by
dividing weight (kg) by height squared (m?). Total and visceral body
fat were assessed by bioelectrical impedance analysis (BIA) (SC-330 S,
Tanita Corporation, Tokyo, Japan) (25, 26). Fasting blood
samples were collected in the morning, and serum concentrations
of [25(OH)D], intact PTH, insulin, interleukin-6, and leptin were
measured at baseline and after 16 weeks in both groups. Blood was
collected in EDTA and standard red top vacutainer tubes, allowed to
clot for 30 min at room temperature, and centrifuged at 3,000 rpm for
10 min, and aliquots were immediately stored at —80°C until analysis.
Fasting blood samples were also analyzed for serum insulin (UIU/mL)
concentrations using standard enzymatic and immunoassay methods,
respectively. Measurements of parathyroid hormone (PTH), 25-
hydroxyvitamin D [25(OH)D], and insulin were performed on the
COBAS e 602 module via electrochemiluminescence (ECL) assay.
The reference values and inter-/intra-assay coefficients of variation
were as follows: 15-65 pg/mL of PTH (1.6-6.9 pmol/L; intra: 2.5%-
3.4%; inter: 1.1%-2.0%), 25(OH)D 230 ng/mL (intra: 3.4%-13.1%;
inter: 2.2%-6.8%), and 5-20 uIU/mL of insulin (CV: 3.2%-6.2%).
Interleukin-6 was measured through the Abcam US Human IL-6
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20R2 ELISA assay (range 7.8-500 pg/mL and sensitivity = 1.6 pg/mL),
and leptin was measured through the Abcam US Human Leptin
ELISA assay (sensitivity = 4.65 pg/mL; range = 15.63-1,000 pg/mL).

Ethical considerations

Written informed consent for inclusion in the study was
provided by the participants. The study protocol adhered to the
principles set forth in the Declaration of Helsinki. Approval for the
inclusion of the monastic cohort was obtained in writing from the
central ecclesiastical authority following submission of the full study
documentation 1 year prior to study initiation. The study protocol
was approved by the Institutional Review Board of Aristotle
University of Thessaloniki, Greece (Approval No. 25224).

Statistical analysis

Statistical analyses were conducted using SPSS (version XX). Data
are presented as mean + standard deviation (SD). Paired ¢-tests were
used to compare baseline vs. post-intervention values within each
group. Independent f-tests were applied to compare changes (A =
post — baseline) between groups. Normality of data distribution for all
continuous variables was tested using the Shapiro-Wilk test. When
normality assumptions were not met, non-parametric tests
(Wilcoxon signed-rank and Mann-Whitney U) were applied,
yielding results consistent with the parametric analyses.

Additionally, a two-way repeated-measures ANOVA (group x
time) was performed to assess the interaction between
supplementation and time effects on serum biomarkers. This
analysis confirmed the direction and significance of findings
obtained from paired and independent t¢-tests. Correlations
between A25(OH)D and AIL-6 or ALeptin were examined using
Pearson correlation coefficients with 95% confidence intervals (CIs).
Multivariable linear regression models were performed to test
whether A25(OH)D independently predicted AIL-6 or ALeptin,
adjusting for age, body weight, body fat percentage, and baseline
25(OH)D levels. Statistical significance was set at p <0.05.

Results

A total of 101 women were initially assessed for eligibility. After
screening and exclusions due to ineligibility or refusal to participate,
33 were allocated to the supplementation group and 42 to the
control group. The flow of participant recruitment, inclusion, and
follow-up for both groups is illustrated in Figure 1.

At baseline, the supplementation group (n = 33) and controls
(n = 42) were comparable in anthropometric and biochemical
characteristics, with the exception of serum 25(OH)D, which was
significantly lower among nuns compared to controls (23.43 + 10.08
vs. 27.66 = 11.21 ng/mL, p = 0.043). Baseline IL-6 concentrations
did not differ significantly between groups. Following the 16-week
intervention, Orthodox nuns receiving vitamin D supplementation
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{n=101)
Enrolled participants (n = 94)
Excluded (n = 7) .
¥ i r N Control group assessed for eligibility
Did not meet inclusion criteria (n = 4) | § v (n=47)
Declined participation (o= 3) )
: . Control group (n = 42)
S\lpplelwnln!:un group (Orthodox nuas, n = 33) Followed same fasting regimen without
Received allocated intervention in = 33) intervention (n = 42)
Lost 1o follow-up (n = 5)
Completed study and included
in analysis (= 75)
FIGURE 1

Flow diagram of participant recruitment, inclusion, allocation, and follow-up for both study groups.

exhibited a robust increase in serum 25(OH)D concentrations,
rising from 23.43 + 10.08 to 33.93 + 11.04 ng/mL (p < 0.001),
while no change was observed in controls (27.66 + 11.21 to 28.51 +
12.21 ng/mL, p = 0.941). Leptin concentrations decreased
numerically in the supplementation group (24.39 + 18.28 to 21.93
+ 13.49 ng/mL), but the difference was not significant (p = 0.214).
No significant changes were observed in the control group (23.21 +
14.67 vs. 24.05 + 13.89 pg/mL, p = 0.365). IL-6 and other metabolic
parameters showed no significant differences within or between
groups. Other parameters, including CRP, insulin, and muscle
mass, did not show significant changes within or between groups.
No solicited or unsolicited adverse events were reported in either
group during follow-up, and no participant discontinued
supplementation because of adverse effects. Table 1 summarizes
the baseline and post-intervention characteristics of both groups.

Pearson correlation analyses were performed to assess whether
changes in vitamin D status were associated with those observed in
IL-6, leptin, fat mass, insulin, and BMI. In the intervention group,
no significant correlations were detected between A25(OH)D and
AIL-6 (r = 0.158, 95% CI —0.208 to 0.485, p = 0.395) or ALeptin (r =
0.137, 95% CI —0.210 to 0.455, p = 0.438) (Table 2). In the control
group, no significant correlations were observed (data not shown).

The scatterplot of A25(OH)D vs. ALeptin in the intervention
group (Figure 2) did not reveal any significant association.

In the control group, multivariable regression analyses did not
reveal any significant predictors for changes in IL-6 or leptin (data
not shown). Subgroup analysis by baseline 25(OH)D levels (<20 vs.
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>20 ng/mL) showed no significant differences in IL-6 and leptin

concentrations in the intervention group.

Discussion

The present study evaluated the effects of vitamin D
supplementation on IL-6 and leptin concentrations in women
practicing intermittent fasting, specifically Orthodox nuns
compared with non-supplemented controls. A 16-week
supplementation regimen effectively increased serum 25(OH)D
concentrations in the intervention group.

Leptin concentrations showed a numerical decrease in the
supplementation group, but this effect was not significant. IL-6
concentrations did not differ significantly within or between groups,
and no associations were observed between A25(OH)D and changes
in IL-6. The magnitude of the effect was small, and the absence of
consistent correlations suggests that this association might be
context-dependent, influenced by baseline adiposity, diet, and
metabolic status.

Previous studies (27, 28) examining the relationship between
vitamin D and leptin have yielded inconsistent results, with some
reporting reductions, others increases, and several showing no
effect. Meta-analyses also highlight this heterogeneity, which may
be explained by differences in baseline vitamin D levels, degree of
adiposity, and study design (29). The conflicting effect of vitamin D
supplementation on leptin can be partly attributed to the variability
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TABLE 1 Baseline and post-intervention values of anthropometric and biochemical parameters in the intervention and control groups.

Intervention
post

Intervention
baseline (n = 33)

Variable

P-value

Controls
baseline
(n = 42)

P-value (between
groups) post

Controls

post P-value

Age (years) 424 + 811 41.7 + 791 0.771
BMI (kg/m?) 27.11£321 26.7 £3.0 0.041 2697 £ 3.17 27.09 + 3.03 0.512 0.665

% Body fat 36.57 + 4.82 358 +4.5 0.052 36.28 +4.73 36.11 + 4.63 0.648 0.701
Muscle mass (kg) 44.20 £ 391 44.53 + 401 0.327 44.19 + 3.84 4422 + 398 0.822 0.732
CRP (mg/L) 2.11 £0.97 1.97 £ 0.85 0.081 2.08 £ 091 2.11 £ 0.97 0.611 0.612
25(0OH)D (ng/mL) 23.43 £10.08 33.93 + 11.04 <0.001 27.66 £ 11.21 28.51 +12.21 0.941 0.039
Insulin (uIU/mL) 9.13 £2.35 8.65 + 2.15 0.067 9.04 + 241 9.11 +2.32 0.932 0.841
Leptin (ng/mL) 24.39 + 18.28 21.93 £ 13.49 0.214 23.21 £ 14.67 24.05 £ 13.89 0.365 0.561
IL-6 (pg/mL) 3.51 £ 1.46 3.40 + 0.99 0.089 1.63 £ 0.77 1.62 + 0.85 0.902 0.061

Values are presented as mean + SD. p-values indicate within-group and between-group comparisons.

of leptin in obesity, depending on the stage of weight change. In
obese states, leptin levels are typically elevated due to leptin
resistance, whereas after weight loss, leptin tends to normalize as
sensitivity improves.

Our findings add to this debate by demonstrating neutral effects
in a specific population of women adhering to intermittent fasting
and religious dietary practices. This context may have amplified the
response to supplementation, given the relatively low vitamin D
concentrations at baseline and the potential interplay with body
composition changes. The 16-week supplementation period was
selected based on previous trials indicating that steady-state serum
25(OH)D concentrations are typically achieved within 8-12 weeks
of daily dosing. Furthermore, studies have demonstrated that
inflammatory and adipokine responses, including IL-6
modulation, can be detected within 12-16 weeks following
vitamin D repletion (29).

Mechanistically, vitamin D might influence leptin secretion by
modulating adipocyte gene expression, insulin sensitivity, and lipid
metabolism. Experimental evidence shows that vitamin D can
suppress leptin secretion in adipose tissue, while leptin itself may
enhance vitamin D signaling by upregulating vitamin D receptor
(VDR) expression. Leptin has been reported to regulate VDR
expression in adipose tissue, immune cells, and osteoblasts,
thereby enhancing the transcription of vitamin D-dependent

TABLE 2 Pearson correlations between changes in serum 25(OH)D [A25
(OH)D] and IL-6, leptin, fat mass, insulin, and BMI.

Outcome r 95% CI P-value
AIL-6 0.16 (-0.21, 0.49) 0.40
ALeptin 0.14 (-0.21, 0.46) 0.44
AFat % -0.18 (~0.62, 0.17) 031
Alnsulin -0.09 (~0.45, 0.28) 0.62
ABMI -0.12 (~0.48, 0.25) 053

Values represent correlation coefficient (r), 95% confidence interval (CI), and p-value.
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genes. Conversely, vitamin D has been shown to regulate leptin
gene expression in adipose tissue. Both leptin and vitamin D also
exhibit anti-inflammatory properties, with implications for
metabolic regulation, bone turnover, and immune health (29).
These reciprocal regulatory pathways suggest that the relationship
between vitamin D and leptin is bidirectional and complex,
potentially depending on nutritional status, hormonal
environment, and metabolic demands.

The particular dietary and lifestyle patterns of Orthodox nuns
may also contribute to the observed effects (30). Intermittent
fasting, modest caloric intake, and limited sun exposure are
distinctive characteristics of this group, leading to both low
baseline vitamin D levels and unique metabolic adaptations.
Vitamin D supplementation in this context may have exerted a
more pronounced effect on leptin compared to other populations.
These results underscore the importance of considering cultural and
lifestyle factors when interpreting the metabolic effects of vitamin
D supplementation.

The clinical relevance of our findings lies in the observation that
vitamin D supplementation, while effective in correcting deficiency,
may not translate into broad improvements in metabolic or
inflammatory markers among otherwise healthy women. Future
research should include larger randomized trials with longer follow-
up, higher supplementation doses, and stratification by baseline
vitamin D status and inflammatory burden, in order to more
precisely delineate the metabolic and immunomodulatory effects
of vitamin D. The modest increase in serum 25(OH)D may relate
both to the relatively conservative dose used (800-2,500 IU/day)
and to individual variability in absorption efficiency. Factors such as
dietary fat intake, gastrointestinal physiology, and the fasting
pattern itself could have influenced bioavailability. Future studies
using higher or personalized dosing regimens could help distinguish
between dose insufficiency and absorption-related variability.

Several limitations should be acknowledged. First, the relatively
modest sample size limits the statistical power to detect small-to-
moderate effects and reduces the generalizability of the findings.
Second, biomarkers such as leptin exhibit considerable
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FIGURE 2

Scatterplot illustrating the association between changes in serum 25-hydroxyvitamin D [A25(OH)D] and changes in leptin concentrations (ALeptin) in
the intervention group, with a regression line and its 95% confidence interval displayed.

intraindividual variability and may require repeated measures or
larger cohorts for reliable assessment. Third, the non-randomized
design may introduce bias, and the absence of a placebo control
could have influenced participant expectations, although biomarker
values remained stable in controls. Fourth, we did not assess
seasonal variations, alternative dosage regimens, or potential
interactions with dietary calcium intake. In addition, 24-h urine
collections to evaluate hypercalciuria were not performed due to
regulatory restrictions in the monastic community.

Moreover, the relatively small and demographically
homogeneous sample, consisting exclusively of Orthodox women
practicing religious fasting, limits the generalizability of our
findings. These results may not directly extend to men or to
individuals with different dietary, environmental, or lifestyle
characteristics. Future studies including participants from diverse
cultural and geographic backgrounds are warranted to confirm the
external validity of these observations. Although physical activity
levels were not objectively quantified, both groups shared similar
daily schedules with low-intensity activities and limited outdoor
exposure. The non-randomized design may therefore introduce
residual confounding. Dietary intake was assessed through 3-day
food records, which are inherently subject to recall and reporting
bias. Despite the use of standardized guidance and validated
nutrient analysis software, minor inaccuracies may have occurred,
potentially diluting the strength of observed associations.

Only IL-6 was measured as a representative inflammatory
cytokine due to resource and sample limitations. The inclusion of
additional markers such as TNF-c, IL-1, or high-sensitivity CRP
would have provided a more comprehensive picture of systemic
inflammation. Finally, the relatively short intervention period (16
weeks) may not have been sufficient to capture downstream or long-
term effects of vitamin D supplementation.

The 16-week duration of supplementation may have been
insufficient to capture the full extent or sustainability of vitamin
D-related immunometabolic changes. Longer-term randomized

Frontiers in Endocrinology

controlled trials with extended follow-up are required to
determine whether the observed neutral effects on IL-6 and leptin
persist or evolve over time.

In conclusion, this controlled study demonstrated that daily
vitamin D supplementation for 16 weeks effectively corrected
deficiency among women practicing religious intermittent fasting
but did not significantly alter leptin or IL-6 concentrations. The
modest sample size, short duration, and limited inflammatory
profiling warrant cautious interpretation. These findings highlight
the need for larger, longer, and more mechanistically oriented
studies to clarify the immunometabolic effects of vitamin D in
populations with distinctive dietary and lifestyle patterns.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of Aristotle University of Thessaloniki, Greece
(Approval No.25224). The studies were conducted in accordance
with the local legislation and institutional requirements. The
participants provided their written informed consent to
participate in this study.

Author contributions

SK: Conceptualization, Formal Analysis, Investigation,
Methodology, Software, Supervision, Validation, Writing - original
draft, Writing - review & editing. KM: Validation, Visualization,

06 frontiersin.org


https://doi.org/10.3389/fendo.2025.1700844
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Karras et al.

Writing - review & editing. MK: Formal Analysis, Investigation,
Writing — review & editing. FA: Supervision, Writing — review &
editing. HF: Methodology, Supervision, Writing — review & editing.
CA: Writing - review & editing. SP: Supervision, Writing — review &
editing. MA: Investigation, Writing - review & editing. AV:
Investigation, Writing - review & editing. CH: Investigation,
Supervision, Writing - review & editing. UR: Formal Analysis,
Writing - review & editing. NG: Project administration, Writing -
review & editing. EP: Project administration, Writing — review &
editing. GT: Project administration, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

References

1. Holick MF. Vitamin D deficiency. N Engl ] Med. (2007) 357:266-81. doi: 10.1056/
NEJMra070553

2. Bouillon R, Marcocci C, Carmeliet G, Bikle D, White JH, Dawson-Hughes B, et al.
Skeletal and extraskeletal actions of vitamin D: Current evidence and outstanding
questions. Endocr Rev. (2019) 40:1109-51. doi: 10.1210/er.2018-00126

3. Palacios C, Gonzalez L. Is vitamin D deficiency a major global public health
problem? J Steroid Biochem Mol Biol. (2014) 144:138-45.

4. Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M, Valtuena J, De
Henauw S, et al. Vitamin D deficiency in Europe: pandemic? Am J Clin Nutr. (2016)
103:1033-44.

5. Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, Kostenberger
M, Tmava Berisha A, et al. Vitamin D deficiency 2.0: an update on the current status
worldwide. Eur J Clin Nutr. (2020) 74:1498-513. doi: 10.1038/s41430-020-0558-y

6. Green TJ, Skeaff CM, Rockell JEP, Venn BJ, Lambert A, Todd J, et al. Vitamin D
status and its association with parathyroid hormone concentrations in women of child-
bearing age living in Jakarta and Kuala Lumpur. Eur ] Clin Nutr. (2008) 62:373-8.
doi: 10.1038/sj.ejcn.1602696

7. Karras SN, Persynaki A, Petroczi A, Barkans E, Mulrooney H, Kypraiou M, et al.
Health benefits and consequences of the Eastern Orthodox fasting in monks of Mount
Athos: a cross-sectional study. Eur ] Clin Nutr. (2017) 71:743-9. doi: 10.1038/
€jcn.2017.26

8. Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune function.
Nutrients. (2013) 5:2502-21. doi: 10.3390/nu5072502

9. Charoenngam N, Holick MF. Immunologic effects of vitamin D on human health
and disease. Nutrients. (2020) 12:2097. doi: 10.3390/nu12072097

10. Franceschi C, Campisi J. Chronic inflammation (inflammaging) and its potential
contribution to age-associated diseases. ] Gerontol A Biol Sci Med Sci. (2014) 69:54-9.
doi: 10.1093/gerona/glu057

11. La Cava A, Matarese G. The weight of leptin in immunity. Nat Rev Immunol.
(2004) 4:371-9. doi: 10.1038/nri1350

12. Ridker PM. From C-reactive protein to interleukin-6 to interleukin-1: moving
upstream to identify novel targets for atheroprotection. Circ Res. (2016) 118:145-56.
doi: 10.1161/CIRCRESAHA.115.306656

Frontiers in Endocrinology

10.3389/fendo.2025.1700844

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2025.1700844/
full#supplementary-material

13. Lopez-Jaramillo P, Gomez-Arbelaez D, Lopez-Lopez J, et al. The role of leptin
and adiponectin in the metabolic syndrome and cardiovascular disease. Curr Opin
Lipidol. (2014) 25:394-9.

14. Beilfuss J, Berg V, Sneve M, Jorde R, Kamycheva E, et al. Effects of a 1-year
supplementation with cholecalciferol on interleukin-6, tumor necrosis factor alpha and
insulin resistance in overweight and obese subjects. Cytokine. (2012) 60:870-4.
doi: 10.1016/j.cyt0.2012.07.032

15. Breslavsky A, Frand J, Matas Z, Barnea Z, Shargorodsky M, et al. Effect of high
doses of vitamin D on arterial properties, adiponectin, leptin and glucose homeostasis
in type 2 diabetic patients. Clin Nutr. (2013) 32:970-5. doi: 10.1016/j.cInu.2013.01.020

16. Chandler PD, Scott JB, Drake BF, Ng K, Manson JE, Rifai N, et al. Impact of
vitamin D supplementation on inflammatory markers in African Americans: Results of
a randomized trial. Am J Epidemiol. (2014) 179:873-83.

17. Jorde R, Sneve M, Hutchinson M, Emaus N, Figenschau Y, Grimnes G, et al.
Tracking of serum 25-hydroxyvitamin D levels during 14 years in a population-based
study and predictors of change. Eur J Clin Nutr. (2010) 64:1124-30.

18. Pittas AG, Dawson-Hughes B, Sheehan PR, Rosen CJ, Ware JH, Knowler WC,
et al. Vitamin D supplementation and prevention of type 2 diabetes. N Engl | Med.
(2019) 381:520-30. doi: 10.1056/NEJM0a1900906

19. Sarri KO, Linardakis M, Bervanaki F, et al. Greek Orthodox fasting rituals: a
hidden characteristic of the Mediterranean diet of Crete. Br ] Nutr. (2004) 92:277-84.
doi: 10.1079/BJN20041197

20. Koufakis T, Karras SN, Antonopoulou V, Angeloudi E, Zebekakis P, Kotsa K.
Effects of Orthodox religious fasting on human health: a systematic review. Eur ] Nutr.
(2017) 56:2439-55. doi: 10.1007/s00394-017-1534-8

21. Karras SN, Anagnostis P, Bili E, Naughton DP, Petroczi A, Bili E, et al. Maternal
vitamin D status in pregnancy: the Mediterranean reality. Eur J Clin Nutr. (2014)
68:864-9. doi: 10.1038/ejcn.2014.80

22. Karras SN, Koufakis T, Adamidou L, Dimakopoulos G, Karalazou P, Thisiadou
K, et al. Different patterns of changes in free 25-hydroxyvitamin D concentrations
during intermittent fasting among meat eaters and non-meat eaters and correlations
with amino acid intake. Int J Food Sci Nutr. (2023) 74:257-67. doi: 10.1080/
09637486.2023.2171370

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1700844/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1700844/full#supplementary-material
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.1038/sj.ejcn.1602696
https://doi.org/10.1038/ejcn.2017.26
https://doi.org/10.1038/ejcn.2017.26
https://doi.org/10.3390/nu5072502
https://doi.org/10.3390/nu12072097
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1038/nri1350
https://doi.org/10.1161/CIRCRESAHA.115.306656
https://doi.org/10.1016/j.cyto.2012.07.032
https://doi.org/10.1016/j.clnu.2013.01.020
https://doi.org/10.1056/NEJMoa1900906
https://doi.org/10.1079/BJN20041197
https://doi.org/10.1007/s00394-017-1534-8
https://doi.org/10.1038/ejcn.2014.80
https://doi.org/10.1080/09637486.2023.2171370
https://doi.org/10.1080/09637486.2023.2171370
https://doi.org/10.3389/fendo.2025.1700844
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Karras et al.

23. Karras SN, Koufakis T, Popovic DS, Adamidou L, Karalazou P, Thisiadou K,
et al. A mediterranean eating pattern combining energy and time-restricted eating
improves vaspin and omentin concentrations compared to intermittent fasting in
overweight individuals. Nutrients. (2023) 15:5058. doi: 10.3390/nul15245058

24. Karras SN, Koufakis T, Dimakopoulos G, Popovic DS, Kotsa K. Changes in
dietary intake of aspartic acid during and after intermittent fasting correlate with an
improvement in fasting glucose in overweight individuals. ] Diabetes. (2023) 15:181-4.
doi: 10.1111/1753-0407.13351

25. WHO Global Database on Body Mass Index . Available online at: https://www.
who.int/data/gho/data/themes/topics/topic-details/ GHO/body-mass-index (Accessed
on February 5, 2016).

26. Tanita Academy Understanding Your Measurements .
http://tanita.eu/ (Accessed on May 25, 2018).

27. Begga A, Mehaoudi RI, Ghozlani A, Azzoug S, Soltani Y. The risk of metabolic
syndrome is associated with vitamin D and inflammatory status in premenopausal and

Available online at:

Frontiers in Endocrinology

08

10.3389/fendo.2025.1700844

postmenopausal Algerian women. Ir J Med Sci. (2024) 193:615-26. doi: 10.1007/
s11845-023-03516-1

28. Wood AD, Secombes KR, Thies F, Aucott L, Black AJ, Mavroeidi A, et al.
Macdonald HMVitamin D3 supplementation has no effect on conventional
cardiovascular risk factors: a parallel-group, double-blind, placebo-controlled RCT. J
Clin Endocrinol Metab. (2012) 97:3557-68. doi: 10.1210/jc.2012-2126

29. Mousa A, Naderpoor N, Teede H, Scragg R, de Courten B. Vitamin D
supplementation for improvement of chronic low-grade inflammation in patients
with type 2 diabetes: a systematic review and meta-analysis of randomized controlled
trials. Nutr Rev. (2018) 76:380-94. doi: 10.1093/nutrit/nux077

30. Karras SN, Koufakis T, Petroczi A, Folkerts D, Kypraiou M, Mulrooney H, et al.
Christian Orthodox fasting in practice: A comparative evaluation between Greek
Orthodox general population fasters and Athonian monks. Nutrition. (2019) 59:69—
76. doi: 10.1016/j.nut.2018.07.003

frontiersin.org


https://doi.org/10.3390/nu15245058
https://doi.org/10.1111/1753-0407.13351
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-index
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/body-mass-index
http://tanita.eu/
https://doi.org/10.1007/s11845-023-03516-1
https://doi.org/10.1007/s11845-023-03516-1
https://doi.org/10.1210/jc.2012-2126
https://doi.org/10.1093/nutrit/nux077
https://doi.org/10.1016/j.nut.2018.07.003
https://doi.org/10.3389/fendo.2025.1700844
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Vitamin D supplementation and its impact on leptin and interleukin-6 in women following religious intermittent fasting: a controlled study
	Introduction
	Methods
	Design
	Study populations—interventions and follow-up
	Anthropometric measurements and biochemical analysis
	Ethical considerations
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


