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Abstract

Objectives: The SARS-CoV-2 pandemic was declared by
World Health Organisation (WHO) in March 2020, causing
health and economic disruptions and millions of deaths.
Pregnant women represent a vulnerable group, as COVID-19
during pregnancy increases the risk of preterm birth, pre-
eclampsia, and severe maternal illness. Nutritional status,
such as vitamin D deficiency, may influence these outcomes,
yet data on its status in the cohort of SARS-CoV-2 positive
pregnant women as well as its association with inflamma-
tory and angiogenic markers is scarce. The aim of this study
was to evaluate the levels of vitamin D in the cohort of SARS-
CoV-2 positive pregnant women and its association with in-
flammatory and angiogenic markers.
Methods: Prospective cohort study at Ljubljana Maternity
Hospital (Oct 1, 2020–Mar 30, 2021) enrolled singleton preg-
nancies with PCR-confirmed SARS-CoV-2 within the last
14 days, delivering at our institution.
Results: Among 235 SARS-CoV-2-positive pregnant women
62.1 % had adequate and 21.3% insufficient level of vitamin D
and13.6%werevitaminDdeficient. Statistical analysis revealed
no significant correlations between 25-OH-vitamin D and C-
reactive protein (CRP), procalcitonin (PCT), leukocyte count,
soluble fms-like tyrosine kinase-1 (sFlt-1), placental growth fac-
tor (PlGF), the sFlt-1/PlGF ratio, or body mass index (BMI).
Conclusions: Our prospective cohort study revealed that
high proportion of pregnantwomen has inadequate levels of

vitamin D. Although maternal insufficiency is linked to
adverse outcomes, its association with inflammatory and
angiogenic markers remains unclear. Rigorous studies in
pregnancy are essential to clarify vitamin D’s role in
COVID-19 complications in pregnancy.
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Introduction

SARS-CoV-2 emerged in the late 2019, leading to a global
health crisis due to the virus rapidly spreading worldwide.
Declared a pandemic by the World Health Organization
(WHO) in March 2020, it disrupted daily life, overwhelmed
healthcare systems, and caused millions of deaths [1]. The
pandemic most significantly affected vulnerable pop-
ulations, among them also pregnant women [2].

Ameta-analysis has shown that COVID-19 infectionduring
pregnancy is associatedwith a higher risk of pretermdelivery,
maternal mortality, NICU admission and neonatal death [3].
Pregnant individuals are more susceptible to severe illness
due to physiological changes in all body systems, especially
respiratory, immune and cardiopulmonary systems [4].
Studies have shown that COVID-19 can increase the likelihood
of preterm birth, preeclampsia, cesarean delivery, and low
birth weight. Severe maternal illness may also lead to inten-
sive care admission, respiratory support, or, in rare cases,
maternal mortality [3, 5, 6]. The risk is particularly elevated in
those with underlying conditions such as obesity, diabetes, or
hypertension [7] and the risk can be modified by certain
nutritional factors, such as levels of vitamins [8].

Vitamin D is increasingly recognized for its roles beyond
bone health, such as cell differentiation, immune response,
and inflammation control. Deficiency may result in rickets,
osteomalacia, and has been associated with increased risks
of chronic diseases such as cardiovascular disorders, dia-
betes, as well as some cancers [9].

VitaminD plays a vital role during pregnancy, supporting
maternal bone health and fetal skeletal development by
regulating calcium and phosphate metabolism [10]. Pregnant
women are at increased risk of deficiency due to limited
sun exposure, dietary insufficiency, or higher physiological
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demands. Inadequate levels have been associated with com-
plications such as preeclampsia, gestational diabetes, low
birth weight, and impaired neonatal bone growth and sup-
plementation is often recommended, especially in regions
with low sunlight or among high-risk groups [11].

Serum 25-OH-vitamin D concentration is commonly
used to evaluate vitamin D status and guides supplementa-
tion or lifestyle adjustments [12]. Serum concentrations of 25-
OH-vitamin D likely vary by ethnicity, age and other factors,
therefore optimal levels have not been established. Never-
theless, deficiency is often considered at levels below
30 nmol/L or 12 ng/mL and supplementation to surpass this
cut-off is advised (Table 1).

The most recent meta-analysis of five randomised
controlled studies conducted between 2016 and 2025
revealed a significant reduction in the risk of preeclampsia
among pregnant women receiving vitamin D supplementa-
tion (RR=0.61, 95 % CI: [0.50–0.75], p<0.001), supporting its
protective role [13]. However, the effect among the SARS-
CoV-2 positive pregnant women is yet to be determined.

Data on the influence of vitamin D deficiency on in-
flammatory and angiogenic marker values, which could
partially explain seemingly increased risk of certain adverse
events in pregnancy, is scarce. However, there has been
some research done showing that low vitamin D levels are
associated with higher levels of CRP, IL-6, ferritin, TNF-α, in
both healthy individuals and those with conditions like
obesity or COVID-19 [14, 15].

The aim of this study was to explore the prevalence of
vitamin D deficiency among SARS-CoV-2 positive pregnant
women in Slovenia and the effect of level of vitamin D on
certain inflammatory and angiogenic markers.

Subjects and methods

A prospective cohort study was conducted at the Ljubljana
Maternity Hospital between October 1st 2020, and March

30th 2021. Our institution was the center for the manage-
ment of SARS-CoV-2 pregnant women during the pandemic.
The study included all consecutive pregnant women with
confirmed SARS-CoV-2 infection, verified by positive poly-
merase chain reaction (PCR) test performed within 14 days
prior to the clinical examination. Only singleton pregnancies
that later resulted in delivery at the study institution were
considered eligible for inclusion. Data was collected pro-
spectively from medical records and structured interviews,
and included demographic characteristics (maternal age,
maternal body mass index (BMI), smoking), preexisting
chronic disease, gestational age at positive test (weeks),
clinical course of COVID-19 (asymptomatic, symptomatic and
complicated course of COVID-19, which was defined as the
need for hospital admission and oxygen supplementation),
laboratory results (procalcitonin (PCT) (g/L), C-reactive pro-
tein (CRP) (mg/L), leukocytes (×109/L), hemoglobin (g/L),
soluble fms-like tyrosine kinase-1 (sFlt-1) (pg/mL), placental
growth factor (PlGF) (pg/mL), sFlt-1/PlGF ratio, interleukin-6
(IL-6) (pg/mL)), pregnancy outcomes (miscarriages, live
births, gestational age at delivery (weeks), mode of delivery
(spontaneous vaginal, operative vaginal, cesarean section),
and neonatal (birth weight (g)).

Descriptive statistics were used to summarize de-
mographic and clinical characteristics of the study popula-
tion. Continuous variables were expressed as medians with
ranges. Categorical variables were presented as counts and
percentages. We used multivariable logistic regression or
multiple linear regression to assess the association between
the variables as appropriate. Statistical significance was
defined as a p-value <0.05. All analyseswere conducted using
SPSS Statistics version 20.

This study was performed in line with the principles of
the Declaration of Helsinki and was approved by Medical
Ethics Committee of the Republic of Slovenia (permit no.
0120-196/2020-18).

Results

A total of 235 pregnant women across all trimesters of
pregnancy with confirmed SARS-CoV-2 infection met inclu-
sion criteria.

The median gestational age at the time of the positive
test was 33.0 weeks (range 7.0–40.6 weeks), and the median
maternal age was 31 years (range 20–42 years). The median
interval between the initial positive test and assessment at
our institution was 5 days (range 0–14 days).

The level of vitamin D was adequate in the majority of
patients (146/235; 62.1 %), about a fifth had inadequate levels
of 25-OH-vitamin D (50/235; 21.3 %) and 13.6 % of patients

Table : Levels of serum -OH-vitamin D and associated health status.

nmol/L ng/mL Health status

< < Vitamin D deficiency, which can lead to
rickets in infants and osteomalacia in
adults.

– – Generally considered inadequate for bone
and overall health in healthy individuals.

– – Generally considered adequate for bone
and overall health in healthy individuals.

> > Linked to potential adverse effects.
Particularly
>

Particularly
>
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were considered vitamin-D deficient (32/235). Three percent
(7/235; 3.0 %) of patients had high levels of 25-OH-vitamin D,
none of them in the extreme range (Figure 1).

Data on the severity of the symptoms was available for
all patients included. 225 (95.7 %) were symptomatic and two
(0.8 %) experienced a complicated disease course. Fifty-six
women (23.7 %) had at least one preexisting chronic condi-
tion, most commonly asthma (n=19; 8.1 %) and thyroid dis-
ease (n=13; 5.5 %). Median BMI was 23.9 (range 16.8–49.3).
Current smoking was uncommon (17/235; 7.2 %).

Laboratory evaluation showed uniformly negative PCT
levels with only one value of exceeding the cut off. CRP was
positive in about half of the patients (109/235; 46.4 %). Me-
dian values for key biomarkers were as follows: leukocyte
count 7.9 × 109/L (range 3.4–15.8 × 109/L), hemoglobin 123 g/L
(range 92–151 g/L), sFlt-1 2,670 pg/mL (range 632.1–15,217 pg/
mL), PlGF 256.75 pg/mL (range 12.1–3,263 pg/mL), sFlt-1/PlGF
ratio 10.9 (range 0.6–188), and IL-6 3.55 pg/mL (range 1.5–
153.1 pg/mL).

Regarding pregnancy outcomes, there was one miscar-
riage at 21 weeks’ gestation and 234 live births. We excluded
the pregnancy which ended in miscarriage from further
analysis. Among the live births, themedian gestational age at
delivery was 39.5 weeks (range 27.6–41.5 weeks), and the
median birth weight was 3430 g (range 720–4720 g). Delivery
modes included 167 spontaneous vaginal births (71.4 %), six

operative vaginal births (2.6 %), 33 (14.1 %) elective cesarean
sections, and 23 (9.8 %) emergency cesarean sections. Data
describing the cohort is shown in Table 2.

In a multivariable logistic regression adjusted for age,
BMI, chronic disease status, and gestational age at delivery,
S-25-(OH)-vitamin D was not associated with CRP positivity.
The regression coefficient for S-25-(OH)-vitamin D was
B=−0.001, standard error=0.005, p=0.857, with an odds ratio
of 0.999 and 95 % confidence interval 0.990–1.008. BMI was
independently associated with higher odds of CRP positivity
(B=0.049, SE=0.024, p=0.039, OR=1.05, 95 % CI 1.002–1.099).
Age and chronic disease status did not reach statistical sig-
nificance in this model.

Figure 1: Serum levels of 25-OH-vitamin D in our cohort.

Table : Characteristics of the cohort of  pregnant women having
had a positive SARS-CoV- PCR swab within  days of the assessment.

Parameter Value, median (range)

Maternal demographics

Total SARS-CoV--positive women 

Maternal age, years  (–)
Maternal BMI, kg/m

. (.–.)
Gestational age at positive test, weeks . (.–.)
Interval positive test → assessment,
days

 (–)

Symptomatic / (.%)
Critical disease course / (.%)
≥ pre-existing chronic disease  (.%)

Laboratory parameters

Procalcitonin positive  (.%)
CRP, mg/L positive  (.%);

Median among positive  (range
–)

Leukocytes, ×/L . (.–.)
Hemoglobin, g/L  (–)
sFlt-, pg/mL , (.–,)
PlGF, pg/mL . (.–,)
sFlt-/PlGF ratio . (.–)
IL-, pg/mL . (.–.)

Pregnancy outcomes

Miscarriages  (.%)
Live births  (.%)
Gestational age at delivery, weeks
n=

. (.–.)

Birth weight, g n= , (–,)
Mode of delivery n=
Spontaneous vaginal  (.%)
Operative vaginal  (.%)
Elective cesarean section  (.%)
Emergency cesarean section  (.%)

BMI, body mass index; CRP, C-reactive protein; sFlt-, soluble fms-like
tyrosine kinase-; PLGF, placental growth factor; IL, interleukin .
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In the analogous multivariable logistic model for PCT
positivity adjusted for the same covariates, age was a strong
and significant predictor of PCT positivity (B=0.126, SE=0.041,
p=0.002, OR=1.13, 95 % CI 1.046–1.229). PCT, BMI, chronic
disease status, and gestational age were not significant
predictors in this model.

Multiple linear regression models adjusted for age, BMI,
chronic disease status, and gestational age found no statis-
tically significant association between S-25-(OH)-vitamin D
and the following outcomes: total leukocyte count, sFlt-1,
PlGF, the sFlt-1/PlGF ratio, and IL-6 after adjustment. Co-
efficients for S-25-(OH)-vitamin D were small and non-
significant across these models.

Discussion

Vitamin D is a liposoluble element obtained from diet and
sun exposure and is an essential micronutrient that among
others exerts anti-inflammatory and immunomodulatory
effects [16]. In the recent years it has been shown that
vitamin D has diverse biological actions and its effect on the
human body has been underestimated [17]. Vitamin D defi-
ciency can result from a range of causes and is common
around the globe, affecting approximately 1 billion people. In
the U.S., 61 % of older adults are deficient, compared to 90 %
in Turkey, 96 % in India, 72 % in Pakistan, and 67 % in Iran
[18]. In our study only about 60 % of participants had
appropriate level of serum 25-OH-vitamin D, despite the fact
that pregnant women are considered to be mostly young,
active and healthy. Our study was conducted in winter,
which is a known risk factor for vitamin D deficiency due to
limited sun exposure [19, 20]. Our results therefore highlight
the importance of testing vitamin D levels especially in
winter and appropriate supplementation if necessary.

We failed to demonstrate significant association be-
tween 25-OH-vitamin D and with inflammatory (leukocytes,
CRP, IL-6, PCT) or angiogenic markers (sFlt-1, PlGF).

Data on the influence of vitamin D deficiency on in-
flammatory and angiogenic marker values is scarce. Some
studies have shown that low vitamin D levels are associated
with higher levels of CRP, IL-6, ferritin, TNF-α, in both
healthy individuals as well as in obese patients and patients
with COVID-19 [14, 15].

The lack of statistically significant association of vitamin
D deficiency and the values of inflammatory and angiogenic
markers might be the consequence of generally very mild
course of the disease in our cohort with lowmedian levels of
inflammatory markers as the median CRP level was 10,
maximum CRP reached 112, and only 1 patient had positive

PCT. The interval between the positive SARS-CoV-2 tests and
the assessment at our institution was short (median of
5 days), which highlights the good access to health care,
however the disease might not have developed in full yet.

In terms of association of vitamin D deficiency and
angiogenic factors the evidence in the literature is scarce.
Although vitamin D deficiency due to vitamin D’s immuno-
modulatory effect as well as sFlt1/PlGF are independently
linked to a higher risk of preeclampsia, research has not
consistently demonstrated a direct correlation between
vitamin D levels and the sFlt-1/PlGF ratio [21]. There was no
significant association between vitamin D and sFlt-1 or PlGF
in our study. The most recent meta-analysis of the five
randomised controlled studies conducted between 2016 and
2025 revealed a significant reduction in the risk of pre-
eclampsia among pregnant women receiving vitamin D
supplementation (RR=0.61, 95 % CI: [0.50–0.75], p<0.001),
supporting its protective role [13]. However, the effect among
the SARS-CoV-2 positive pregnant women is yet to be deter-
mined. The pathophysiology of preeclampsia involves
incomplete formation of the trophoblast early in pregnancy.
The median gestational age at which the patients in our
study tested positive for SARS-CoV-2 was 33 weeks and most
of themwere diagnosed in the second half of the pregnancy,
when the formation of the placenta is complete. Further
studies on the association of vitamin D deficiency in the 1st
trimester of pregnancy with the levels of angiogenic
markers and the subsequent development of preeclampsia
would be warranted.

The study’s prospective design constitutes a key
strength, as it minimized both recall and selection biases.
This approach enabled real-time monitoring of pregnancy
outcomes and afforded researchers greater control over the
data collection process. An important strength of the study is
also the inclusion of a large cohort of pregnant women with
mild COVID-19 duringwinter, a gap in the existing literature,
which enhances the statistical power and generalizability of
the findings. The median levels of inflammatory and angio-
genic markers across the cohort were relatively low,
potentially constraining the ability to detect associations or
draw robust conclusions regarding these biomarkers.
Future investigations with a more heterogeneous sample in
terms of disease severity and biomarker expression could
provide deeper insights. The cohort was large as it consisted
of 235 SARS-CoV-2 pregnantwomen as proven by PCR testing,
however the levels of inflammatory and angiogenic markers
were generally not significantly increased and there were
only two patients with complicated course of the disease,
whichmade the comparison difficult. One notable limitation
of the study is that it was conducted exclusively during the
winter months, a period typically associated with reduced
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sunlight exposure and consequently lower serum levels of
vitamin D in the population. This seasonal constraint may
have introduced a bias, limiting the generalizability of the
findings to other times of the year when vitamin D levels are
naturally higher. To ensure a more comprehensive under-
standing of the variable under investigation, future research
should aim to include data collection across multiple sea-
sons. Such an approach would allow for the assessment of
potential seasonal variations and enhance the robustness of
the conclusions drawn.

We acknowledge the lack of power analysis, which rai-
ses the concern that non-significant findings may be due to
underpowered comparisons – especially for outcomes like
IL-6 or sFlt-1.

Despite us not having confirmed the correlation be-
tween increased inflammatory or angiogenic markers and
vitamin D deficiency, there is growing evidence that
maternal serum vitamin D levels influence pregnancy
outcome with deficiency of vitamin D being associated with
increased risks of complications such as preeclampsia,
gestational diabetes, preterm birth, low birth weight, and
hypertensive disorders, as well as adverse neonatal out-
comes like small for gestational age and impaired bone
development in the child [22–24]. Therefore, additional
studies are warranted to confirm or dispute the role of
vitamin D deficiency in pregnancy as well as in patients with
COVID-19.

Conclusions

Vitamin D deficiency was common among pregnant women
in Slovenia. In view ofmultiple proven benefits of vitamin D,
the deficiency should be looked for and addressed in this
population.

There was no correlation between the levels of serum
25-OH-vitamin D and inflammatory (CRP, PCT, leukocytes,
IL6) or angiogenic (sFlt-1, PlGF)markers in pregnantwomen.

Despite not having proven the association between
vitamin D deficiency and raised values of inflammatory or
angiogenic markers, further studies to assess vitamin D
deficiency on the values of inflammatory and angiogenic
markers as well as pregnancy complications are warranted
in view of the role of vitamin D in the immune modulation.
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