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Abstract
Placental calcification is an aging process that is increasingly linked to adverse pregnancy outcomes when it occurs prematurely. Vita-
min D has immunomodulatory properties and may play a role in placental calcification. This study explored the association between 
maternal vitamin D, inflammatory cytokines, and placental calcification. A total of 46 pregnant women aged 16–40 years were includ-
ed in this study. They were divided into four groups: Group 1 (control group; n = 10, without placental calcification), Group 2 (n = 12, 
Grade 1 placental calcification), Group 3 (n = 12, Grade 2 placental calcification), and Group 4 (n = 12, Grade 3 placental calcifica-
tion). Serum vitamin D (25(OH)D) and cytokine (TNF-α, IL-2, IL-4, IL-10) levels were measured by ELISA, while serum calcium 
levels were measured by colorimetric analysis. Vitamin D levels declined gradually with increasing placental calcification (p = 0.0146 
for G3 vs. control). Calcium levels did not differ significantly across groups (p > 0.05). The pro-inflammatory marker TNF-α was 
significantly increased in G3 compared to the control group (p = 0.016). Similarly, IL-2 levels increased, but the difference was not 
statistically significant. In contrast, anti-inflammatory cytokines IL-4 and IL-10 decreased, with IL-10 showing a significant positive 
correlation with vitamin D levels (r = 0.8403, p = 0.0006). These findings suggest that vitamin D deficiency may play a significant role 
in placental calcification, mediated by elevated pro-inflammatory cytokine TNF-α and reduced anti-inflammatory cytokine IL-10.

Keywords
anti-inflammatory cytokines, calcium, placental calcification, pro-inflammatory cytokines, vitamin D

Copyright Majeed Hashim Z et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author 
and source are credited.

Pharmacia 72: 1–7
DOI 10.3897/pharmacia.72.e159409

Research Article

https://orcid.org/0000-0003-0213-1445
https://orcid.org/0009-0006-5174-4634
https://orcid.org/0009-0009-6540-5379
https://orcid.org/0009-0008-5065-1887
https://orcid.org/0009-0003-2674-3347
https://orcid.org/0009-0008-8827-4351
https://orcid.org/0000-0000-9320-7537
https://orcid.org/0009-0008-0801-6548
https://orcid.org/0009-0001-0364-2549
https://orcid.org/0009-0006-0503-4762
https://orcid.org/0000-0002-5779-9410
https://orcid.org/0009-0005-2586-0386
https://orcid.org/0009-0007-2448-8329
https://orcid.org/0000-0002-9559-4168
mailto:amna.a@copharm.uobaghdad.edu.iq
mailto:aysha.ferdoushi@gmail.com
https://doi.org/10.3897/pharmacia.72.e159409
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Majeed Hashim Z et al.: Vitamin D and cytokines in placental calcification2

Introduction
The placenta has a crucial role in fetal development. It acts 
as the primary interface between the maternal and fetal 
systems. The placenta not only ensures nutrient and oxygen 
exchange but also regulates immune tolerance during preg-
nancy (Gude et al. 2004; Al-Juboori et al. 2019). Dysfunc-
tion of the placenta is associated with adverse pregnancy 
outcomes, such as fetal growth restriction and preeclamp-
sia (Ortega et al. 2022). Placental calcification is considered 
a physiological process of aging, but it may contribute to 
disease development when it occurs prematurely. Ischemic 
damage, oxidative stress, and inflammatory responses fur-
ther compromise placental function (Ortega et al. 2024).

Placental calcification is classified as dystrophic or 
metastatic. Dystrophic calcification results from tissue 
damage and ischemia, with mineral deposits forming in 
necrotic areas (Rduch et al. 2022). Metastatic calcification 
occurs due to systemic mineral imbalances resulting from 
calcium and phosphate metabolism (Ortega et al. 2024). 
Calcification typically increases beyond 36 weeks of gesta-
tion. Premature onset of this calcification, called preterm 
placental calcification, is associated with pregnancy com-
plications, including fetal growth restriction, preeclamp-
sia, and preterm birth (Chen et al. 2011; Fox et al. 2019).

In addition to affecting calcium and bone metabolism, 
vitamin D has a role in both maternal and fetal health 
(Zhang et al. 2022). Its functions range from immuno-
modulatory effects to innate and adaptive immune re-
sponses (Ghaseminejad-Raeini et al. 2023). Vitamin D de-
ficiency during pregnancy is an emerging global concern, 
with a prevalence rate ranging from 18% to 84%, depend-
ing on geographic location and lifestyle factors (Al Emadi 
and Hammoudeh 2013). Besides its role in fetal skeletal 
development, insufficient vitamin D levels are linked to 
various complications, including preeclampsia, gestation-
al diabetes mellitus, preterm labor, and fetal respiratory 
infections (Giourga et al. 2023).

Vitamin D may also have a role in trophoblast inva-
sion, angiogenesis, and vascular remodeling (Parenti et al. 
2024). The trophoblast-localized enzyme 1-hydroxylase 
(CYP27B1) converts 25-hydroxyvitamin D [25(OH)D] to 
its active form, 1.25-dihydroxyvitamin D [1.25(OH)₂D₃], 
which has paracrine and autocrine effects on the placen-
ta (Bikle et al. 2018). The vitamin D receptor (VDR) in 
placental tissue regulates inflammatory pathways and im-
mune responses during pregnancy (Cao et al. 2021; Ab-
dulrahman and Ali 2024). Low maternal 25(OH)D₃ levels 
are reported to increase placental inflammation, alter im-
mune tolerance, and elevate the risk of adverse pregnancy 
outcomes (Mansur et al. 2022).

Generally, vitamin D shifts the immune response 
from a pro-inflammatory Th1 to an anti-inflammatory 
Th2 profile (Aranow 2011). Calcitriol, the active form 
of vitamin D, inhibits the proliferation and differentia-
tion of T helper (Th) cells and modulates their cytokine 
secretion profile. Pro-inflammatory and anti-inflamma-

tory cytokines are regulated in opposite directions: in-
terleukin-2 (IL-2), interferon-γ (INF-γ), tumor necro-
sis factor-alpha (TNF-α), and interleukin-9 (IL-9) are 
downregulated, whereas interleukin-4 (IL-4), interleu-
kin-5 (IL-5), and interleukin-10 (IL-10) are upregulated 
(Roffe-Vazquez et al. 2019). Elevated levels of TNF-α 
and IL-2 have been linked to inflammation-induced 
placental dysfunction, whereas IL-4 and IL-10 play pro-
tective roles (Carpentier et al. 2011; Raghupathy 2013; 
Chatterjee et al. 2014). This indicates that maternal vi-
tamin D levels may influence placental inflammation, 
thereby inducing calcification. The present study ex-
plores the relationship between maternal vitamin D sta-
tus and inflammatory cytokine levels, particularly IL-2, 
TNF-α, IL-4, and IL-10, and placental calcification.

Materials and methods
Study population and design

The study enrolled 46 pregnant women aged 16–40 years 
(mean ± SE = 28.4 ± 6.3) who attended the Departments of 
Obstetrics and Gynecology and Radiodiagnosis at Al-Yar-
mouk Teaching Hospital, Baghdad, Iraq, between March 
and August 2024. Gestational age was confirmed using 
both the last menstrual period and ultrasound biometry.

Detailed obstetric and clinical histories were collected 
through structured interviews and medical record re-
views. Information included parity (first, second, or third 
pregnancy), pre-pregnancy body mass index (BMI), blood 
pressure, and any previous pregnancy complications such 
as preeclampsia or preterm labor. All participants were 
nonsmokers and reported no use of alcohol or psychoac-
tive substances. None had received vitamin D or calcium 
supplementation, corticosteroids, hormonal therapy, or 
any chronic medication within the past 3 months.

This recruitment approach was designed to minimize 
potential confounding factors such as medication use, met-
abolic or hypertensive disorders, and lifestyle variations 
that could influence serum vitamin D and cytokine levels.

Grouping of study participants

Based on ultrasound grading, the study participants were 
categorized into four groups: Group 1 (control; n = 10, 
pregnant women without placental calcification), Group 2 
(n = 12, Grade 1 placental calcification), Group 3 (n = 12, 
Grade 2 placental calcification), and Group 4 (n = 12, 
Grade 3 placental calcification). According to ultrasound 
findings, Grade 1 (G1) showed random echogenic areas 
within the placenta; Grade 2 (G2) demonstrated echo-
genic densities along the basal plate with indentations 
in the chorionic plate; and Grade 3 (G3) represented the 
advanced stage, with a combination of echo-poor areas, 
irregular echogenic regions, and deep indentations in the 
chorionic plate (Grannum et al. 1979).
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Inclusion and exclusion criteria

Inclusion criteria
Singleton pregnancies between 28 and 40 weeks of ges-
tation, normal fetal anatomy confirmed by ultrasound, 
absence of maternal systemic disease, and willingness to 
provide written informed consent.

Exclusion criteria
Pregnant women with any maternal or fetal condition that 
could interfere with vitamin D metabolism, inflammatory 
status, or placental function were excluded. Specifically, 
women were excluded if they had a history of diabetes 
mellitus, chronic hypertension, thyroid, renal, hepatic, or 
autoimmune diseases, or any diagnosed metabolic or en-
docrine disorder.

Participants were also excluded if they had multi-
ple gestations, fetal malformations, intrauterine growth 
restriction, or any obstetric complications identified 
by ultrasound.

Women who had taken vitamin D or calcium supple-
ments, corticosteroids, hormonal therapy, or any med-
ication known to affect calcium–vitamin D homeostasis 
within the preceding 3 months were not eligible.

In addition, smokers and those reporting alcohol or 
psychoactive substance use were excluded to avoid con-
founding lifestyle effects. Participants with incomplete 
clinical records or who declined written informed consent 
were also excluded.

Ethical approval

The study protocol was approved by the Ethical Commit-
tee of the College of Pharmacy, University of Baghdad, 
Iraq (RECOS2024109H). Before sample collection, writ-
ten informed consent was obtained from all participants.

Blood sample collection and biochemi-
cal analysis

Five milliliters of fasting venous blood was collected from 
each participant into a Vacutainer tube. The collected 
blood samples were centrifuged at 3,000 rpm for 10 min-
utes. The serum was then separated and stored at –80 °C 
for further analysis.

Serum vitamin D [25(OH)D] levels were evaluated us-
ing a commercially available enzyme-linked immunosor-
bent assay (ELISA) kit (Calbiotech, Cat. No. 220B, China) 
following the manufacturer’s protocol. Serum calcium 
levels were measured using the Arsenazo III colorimetric 

method following the manufacturer’s instructions (Quim-
ica Clinica Aplicada, Spain). Cytokine levels of TNF-α, IL-
2, IL-4, and IL-10 were quantified using ELISA kits (Elab-
science, Cat. No. E-EL-H0109, E-EL-H0099, E-EL-H0101, 
and E-EL-H0103, respectively, China).

Statistical analysis

SPSS version 24.0 (IBM Corp., USA), Student’s t-test, and 
Pearson’s correlation coefficient (r) were used for statisti-
cal analysis. The significance threshold for the Student’s 
t-test was set at p < 0.05. All results were expressed as 
mean ± standard error (SE).

Abbreviations

TNF-α	 Tumor necrosis factor-alpha
IL	 Interleukin
ELISA	 Enzyme-linked immunosorbent assay
VDR	 Vitamin D receptor
CYP27B1	 1α-hydroxylase enzyme
PCOS	 Polycystic ovary syndrome
RAS	 Renin-angiotensin system
SE	 Standard error

Results
Serum vitamin D and calcium levels in 
placental calcification groups

Serum vitamin D levels [25(OH)D] decreased signifi-
cantly across all placental calcification grades compared 
with the control group (Tables 1, 2). Pregnant women 
with Grade 3 placental calcification showed the lowest 
vitamin D levels (8.78 ± 0.40 ng/mL), which were sig-
nificantly lower than those in the control group (12.01 ± 
1.23 ng/mL, p = 0.0146). Vitamin D levels progressively 
declined from Grade 1 (10.10 ± 1.11 ng/mL) to Grade 2 
(9.37 ± 0.65 ng/mL) and Grade 3 (8.78 ± 0.40 ng/mL); 
however, the differences between intermediate grades 
were not statistically significant. In contrast, there was 
no significant variation in calcium levels between the 
control and placental calcification groups (Tables 1, 2). 
No significant differences were found in Grade 1 (9.07 
± 0.09 mg/mL, p = 0.154), Grade 2 (9.10 ± 0.08 mg/mL, 
p = 0.227), or Grade 3 (9.11 ± 0.05 mg/mL, p = 0.130). 
These results suggest that the association between pla-
cental calcification and vitamin D deficiency is stronger 
than that with serum calcium levels.

Table 1. Serum levels of vitamin D, calcium, and cytokines in pregnant women with different grades of placental calcification.

Group Grade (Samples) Vitamin D (ng/ml) Calcium (mg/dL) TNF-α (pg/ml) IL-2 (pg/ml) IL-4 (pg/ml) IL-10 (pg/ml)
Gr 1 Control (Grade 0, n = 10) 12.01 ± 1.23 9.25 ± 0.06 18.86 ±2.56 777.13 ± 120.70 743.33 ± 207.14 44.11 ± 9.00
Gr 3 Grade 1 (n = 12) 10.10 ± 1.11 9.07 ± 0.09 26.05 ±2.90 737.56 ±151.32 487.35 ± 169.44 31.96 ± 5.52
Gr 2 Grade 2 (n = 12) 9.37 ± 0.65 9.10 ± 0.08 25.86 ±5.14 1152.84 ± 262.15 468.71 ± 89.03 27.99 ± 8.09
Gr 4 Grade 3 (n = 12) 8.78 ± 0.40 9.11 ± 0.05 38.72 ±6.53 1275.26 ± 226.49 539.01 ± 186.34 29.30 ± 7.65
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Pro-inflammatory cytokine levels 
(TNF-α and IL-2) in placental calcifica-
tion groups

Tumor necrosis factor-alpha (TNF-α) was significantly in-
creased in the placental calcification groups (Tables 1, 2). 
Pregnant women with Grade 3 placental calcification showed 
significantly higher TNF-α levels (38.72 ± 6.53 ng/mL) com-
pared with the control group (18.86 ± 2.56 ng/mL, p = 0.016). 
However, Grade 1 (26.05 ± 2.90 ng/mL, p = 0.084) and Grade 
2 (25.86 ± 5.14 ng/mL, p = 0.266) showed no statistically sig-
nificant differences compared with the control group. Inter-
leukin-2 (IL-2) levels also increased in the placental calcifica-
tion groups, but the difference was not statistically significant 
(Tables 1, 2). IL-2 levels were highest in Grade 3 (1275.26 ± 
226.49 ng/mL) compared with the control group (777.13 ± 
120.70 ng/mL, p = 0.082). There were no significant differ-
ences between Grade 1 (737.56 ± 151.32 ng/mL) and Grade 
2 (1152.84 ± 262.15 ng/mL, p > 0.05).

Anti-inflammatory cytokine levels (IL-4 
and IL-10) in placental calcification groups

In the placental calcification groups, there was a declin-
ing trend in the anti-inflammatory cytokines IL-4 and 
IL-10, consistent with the decrease in vitamin D levels 
(Tables 1, 2). IL-4 levels in the control group, Grade 
1, Grade 2, and Grade 3 were 743.33 ± 207.14 ng/mL, 
487.35 ± 169.44 ng/mL (p = 0.348), 468.71 ± 89.03 ng/mL 
(p = 0.210), and 539.01 ± 186.34 ng/mL (p = 0.471), re-
spectively. Although IL-4 levels in Grades 1, 2, and 3 
were lower than those in the control group, the differ-
ences were not statistically significant.

Similarly, IL-10 levels decreased progressively compared 
with the control group. IL-10 levels in the control group, 
Grade 1, Grade 2, and Grade 3 were 44.11 ± 9.00 ng/mL, 31.96 
± 5.52 ng/mL (p = 0.247), 27.99 ± 8.09 ng/mL (p = 0.197), 
and 29.31 ± 7.65 ng/mL (p = 0.221), respectively (Tables 
1, 2). These results suggest a potential association between 
vitamin D deficiency and reduced anti-inflammatory cyto-
kine production in placental calcification.

To provide a more precise comparison of key variables 
across the study groups, Fig. 1 summarizes the mean se-
rum levels of vitamin D, TNF-α, and IL-10 for all grades 
of placental calcification. As shown in the figure, vitamin 
D and IL-10 levels progressively declined with increasing 
calcification grade. In contrast, TNF-α levels rose corre-
spondingly, particularly in Grade 3, supporting the in-
flammatory trend observed in the quantitative analysis.

Correlation between vitamin D and in-
flammatory cytokines

From the correlational analysis across different grades of pla-
cental calcification, as presented in Table 3, TNF-α showed 
a strong and significant negative correlation with vitamin D 
in Grade 1 (r = –0.80496, p = 0.0016), Grade 2 (r = –0.63097, 
p = 0.0278), and Grade 3 (r = –0.63793, p = 0.0256). These 
results indicate that TNF-α levels increase as vitamin D lev-
els decrease, suggesting a possible role for inflammation in 
placental calcification. Interestingly, the control group (r = 
–0.33936, p = 0.2529) did not show a significant correla-
tion, indicating lower inflammation in healthy pregnancies. 
In addition, IL-2 also demonstrated a negative correlation 
with vitamin D across all groups, though the association 
was not statistically significant (p > 0.05). This implies that 
while IL-2 levels may increase with placental calcification, 
their relationship with vitamin D is weaker than that of 
TNF-α. IL-4 showed a weak positive correlation with vi-
tamin D (p > 0.05) across all groups, suggesting a limited 
vitamin D influence on IL-4. However, IL-10 demonstrated 
a strong and significant positive correlation with vitamin D 
in Grade 1 (r = 0.5838, p = 0.0462), Grade 2 (r = 0.8403, 
p = 0.0006), and Grade 3 (r = 0.6741, p = 0.0162), suggesting 
that higher vitamin D levels may regulate IL-10 expression 

Table 3. Correlation between vitamin D levels and inflammatory 
cytokines.

Comparison Vitamin D Calcium TNF-α IL-2 IL-4 IL-10
Control vs. Grade 1 0.266 0.154 0.084 0.844 0.348 0.247
Control vs. Grade 2 0.062 0.227 0.266 0.237 0.210 0.197
Control vs. Grade 3 0.0146* 0.130 0.016* 0.082 0.471 0.221
Grade 1 vs. Grade 2 0.577 0.799 0.975 0.183 0.917 0.688
Grade 1 vs. Grade 3 0.275 0.706 0.089 0.061 0.844 0.780
Grade 2 vs. Grade 3 0.450 0.937 0.136 0.727 0.736 0.907

* Significant at p < 0.05; **highly significant at p < 0.01.

Figure 1. Comparative mean levels (± SE) of serum vitamin D, 
TNF-α, and IL-10 across placental calcification grades (control, 
Grade 1, Grade 2, and Grade 3). Asterisks indicate statistically 
significant differences versus the control group (p < 0.05).

Table 2. p-values for grade comparisons.

Comparison Vitamin D Calcium TNF-α IL-2 IL-4 IL-10
Control vs. Grade 1 0.266 0.154 0.084 0.844 0.348 0.247
Control vs. Grade 2 0.062 0.227 0.266 0.237 0.210 0.197
Control vs. Grade 3 0.0146* 0.130 0.016* 0.082 0.471 0.221
Grade 1 vs. Grade 2 0.577 0.799 0.975 0.183 0.917 0.688
Grade 1 vs. Grade 3 0.275 0.706 0.089 0.061 0.844 0.780
Grade 2 vs. Grade 3 0.450 0.937 0.136 0.727 0.736 0.907

* All values represent mean ± SE. Significant difference when p < 0.05.
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and counteract inflammation, thereby preserving placental 
function. There was no significant correlation in the control 
group (r = 0.4806, p = 0.1597), suggesting that IL-10 is not a 
major regulator in normal pregnancies.

Discussion

The novelty of this study lies in its insights into the associ-
ation among maternal vitamin D levels, inflammatory cy-
tokines, and placental calcification. This study found that 
vitamin D deficiency is significantly associated with in-
creased placental calcification, especially in advanced cases. 
This is further supported by increased pro-inflammatory 
cytokine levels, notably TNF-α, and decreased anti-inflam-
matory cytokine levels, particularly IL-10, suggesting an in-
flammatory mechanism underlying placental calcification.

The results of this study are consistent with previous 
research demonstrating that vitamin D plays a crucial role 
in inflammation and immune regulation (Cyprian et al. 
2019; Fakree et al. 2022; Zhang et al. 2022; Mhaibes and 
Abdul-Wahab 2023). Lower vitamin D levels were associ-
ated with greater calcification severity (p = 0.0146 for G3 
vs. control), suggesting that vitamin D deficiency may pro-
mote placental dysfunction. The role of vitamin D status 
in placental inflammatory processes is further supported 
by the level of TNF-α, which is significantly negatively 
correlated with vitamin D (r = –0.804, p = 0.0016 for G1; r 
= –0.637, p = 0.0256 for G3). TNF-α is involved in various 
pathological processes, including trophoblast apoptosis, 
vascular dysfunction, and impaired nutrient exchange, 
contributing to placental calcification (Howell and Powell 
2017; Mohammed et al. 2022; Mahde and Kathem 2023).

Interestingly, calcium levels did not differ significantly 
across groups (p > 0.05), suggesting a closer link between 
placental calcification and vitamin D status than between 
placental calcification and systemic calcium levels. This 
finding further indicates that placental calcification ex-
tends beyond simple calcium deposition and is a complex 
process regulated by multiple inflammatory pathways 
(Ortega et al. 2024).

While TNF-α levels increased, anti-inflammatory cy-
tokines IL-4 and IL-10 showed a decreasing trend. IL-10 
significantly correlated with vitamin D levels (r = 0.8403, 
p = 0.0006 for G2). IL-10 is essential for immune toler-
ance and suppresses excessive inflammation in the placenta 
(Cheng and Sharma 2015; Salman et al. 2022). These findings 
suggest a shift toward a pro-inflammatory state, further sup-
porting vitamin D’s role in controlling placental immunity.

Several studies demonstrate that IL-2 is upregulated in 
polycystic ovary syndrome (PCOS), which is also linked 
to vitamin D deficiency (Taher and Al-Juboori 2012; 
Mohan et al. 2023). In this study, IL-2 levels showed an 
increasing trend in the calcification groups, though the 
differences were not statistically significant. This indicates 
that IL-2 may play a secondary role in placental inflam-
mation, whereas TNF-α might be the primary driver. The 
statistical insignificance of IL-2 changes could be due to 
the small sample size and individual variability.

The findings of this study have clinical importance. Giv-
en the strong correlation between vitamin D deficiency and 
inflammatory markers in placental calcification, vitamin D 
levels may serve as an additional biomarker for identify-
ing high-risk pregnancies. Moreover, these findings suggest 
that vitamin D supplementation could be a potential ther-
apeutic strategy to mitigate placental inflammation. It may 
also serve as a preventive mechanism against early placental 
calcification in populations at risk for vitamin D deficiency.

However, the findings of this study lack generalizability 
for healthcare policymaking because the sample size is rel-
atively small (n = 46). Although a strong correlation among 
vitamin D deficiency, inflammation, and placental calcifi-
cation was observed, establishing a causal relationship re-
mains challenging. To explore the molecular mechanisms 
underlying placental calcification across different trimesters 
of pregnancy, it is necessary to develop in vitro models of 
placental calcification and compare them with in vivo cal-
cified placental tissues using advanced omics technologies 
(Gude et al. 2004; Al-Juboori et al. 2019). Future longitudi-
nal and interventional studies are warranted to determine 
whether vitamin D supplementation directly decreases pla-
cental calcification and improves pregnancy outcomes.

Conclusion

In conclusion, vitamin D deficiency and inflammatory 
cytokine imbalance are associated with placental calci-
fication in Iraqi pregnant women. Decreased vitamin 
D levels, elevated TNF-α, and reduced IL-10 have been 
found in patients with advanced calcification. Vitamin D 
deficiency may play a vital role in the development of an 
inflammatory environment, leading to placental dysfunc-
tion. Interestingly, there were no significant differences 
in calcium levels, suggesting that systemic mineral levels 
may not be critical. It is thus plausible that placental cal-
cification is associated with inflammatory and immuno-
logical consequences. The TNF-α level, a crucial cytokine 
in implantation and placental development, was elevated 
in Iraqi women with placental calcification, suggesting an 
inverse relationship. This unexpected TNF-α result may 
be attributed to the small sample size. Although this study 
involved a limited number of participants, its findings are 
essential for screening and correcting vitamin D deficiency 
during pregnancy as part of routine antenatal care. The re-
sults highlight that vitamin D supplementation could serve 
as a preventive strategy against early placental calcification. 
In the future, intervention studies are warranted to validate 
these findings and identify a healthcare strategy that inte-
grates nutritional, immunological, and clinical approaches 
to improve placental function and pregnancy outcomes.
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