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Abstract
Purpose To investigate the association between vitamin D status and the clinical severity of COVID-19 in pregnant women.
Methods This prospective case–control study included 147 pregnant women with COVID-19 and 300 matched controls. 
Serum 25-hydroxyvitamin (25(OH)D) concentrations were measured on admission. Patients with mild-to-moderate disease 
(n = 114, 77.6%) and severe-to-critical disease (n = 33, 22.4%) were classified as symptomatic patients who did not require 
oxygen support and those who received oxygen support, respectively. SARS-CoV-2 positivity rates, clinical severity of 
COVID-19, and pulmonary involvement were compared according to vitamin D status.
Results Serum 25(OH)D concentrations were found to be 36.6 ± 26.8 and 31.3 ± 20.7 nmol/L in pregnant women infected 
with SARS-CoV-2 and healthy controls, respectively (p = 0.001). The clinical severity of pregnant women with COVID-19 
did not differ concerning vitamin D deficiency (RR = 0.568, 95% CI [0.311–1.036]; p = 0.065), even after excluding patients 
on vitamin supplementation (RR = 0.625, 95% CI [0.275–1.419]; p = 0.261). Testing positive for SARS-CoV-2 was not related 
to vitamin D status in the overall cohort of pregnant women (RR = 0.767, 95% CI [0.570–1.030]; p = 0.078). Pulmonary 
involvement of COVID-19 was found to be similar between patients with vitamin D deficiency and adequate vitamin D levels 
(RR = 0.954; 95% CI [0.863–1.055]; p = 0.357).
Conclusion The clinical severity and pulmonary involvement of COVID-19 may not be associated with vitamin D status in 
pregnant women. Vitamin D deficiency/adequacy rates were comparable in pregnant women infected with SARS-CoV-2 
and healthy pregnant women.
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Introduction

The clinical severity of Severe Acute Respiratory syndrome 
coronavirus-2 (SARS-CoV-2) infection varies from asymp-
tomatic to critical disease and mostly depends on age, co-
morbidities, and viral load [1]. Currently, there is still no 

definite treatment for coronavirus disease-2019 (COVID-
19); therefore, studies are seeking prevention and support-
ive measures to modulate the immune system [2]. Amid the 
recent controversies, the relationship between vitamin D 
status and COVID-19 has been widely discussed [3–5].
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The immunomodulatory and anti-inflammatory character-
istics of vitamin D have been proposed as possible pathways 
for its beneficial effects on SARS-CoV-2 infection in the 
literature [2, 4]. It is believed that vitamin D can slow down 
the replication of coronaviruses and reduce the inflammatory 
responses related to cytokine storm in COVID-19 [2, 4].

The number of SARS-CoV-2 cases was shown to be asso-
ciated with serum vitamin D concentrations derived from 
62 data sets from 20 European countries; however, reliable 
proof of the link between vitamin D deficiency and COVID-
19 severity and mortality is still needed [4, 6]. The current 
evidence supports the positive role of vitamin D adequacy 
during the SARS-CoV-2 pandemic in the non-pregnant 
population [5, 7–9]. Vitamin D deficiency was proposed as 
a risk factor for COVID-19, particularly for severe and criti-
cal cases [10].

Low vitamin D levels were previously associated with an 
increased risk of developing several important gestational 
complications including preeclampsia, fetal growth restric-
tion, gestational diabetes, gestational hypertension, preterm 
birth, and bacterial vaginosis, as well as increased suscep-
tibility of newborns to respiratory illness, autoimmune dis-
eases and autism spectrum disorder [11–14]. Pregnancy 
makes women vulnerable to having more severe COVID-19 
[15], and robust data about the possible relationship with 
vitamin D are scarce. This study aimed to investigate the 
association between vitamin D status and the clinical sever-
ity of COVID-19 in pregnant women.

Materials and methods

This prospective cohort study was conducted at the maternal 
unit of a pandemic hospital in a referral tertiary center from 
September 2020 to December 2020 (latitude 41). Sympto-
matic pregnant women aged over 18 years with COVID-19 
were included. There was a minimum of 1509 to a maximum 
of 6903 daily cases of diagnosed SARS-CoV-2 infection 
with a stable mortality rate of 1% during the study period. 
Approval from the local administration board, regional 
ethical committee, and national scientific research platform 
(E-46059653-000-696) was obtained. Written informed con-
sent was obtained from all participants.

Data were prospectively collected from electronic health 
records using a standardized data collection form. Clinical, 
obstetric, and laboratory outcomes were regularly updated 
until December 25th, 2020. Patients who reported having 
medical treatment that could modulate 25-hydroxyvitamin 
(25(OH)D) concentrations (e.g., steroids, antiepileptics) and 
those with disorders known to affect vitamin D metabolism/
absorption were excluded from the study.

We hypothesized that there would be a significant rela-
tionship between the clinical severity of COVID-19 and 

vitamin D status in pregnant women with COVID-19. A 
further case–control study was conducted to compare preg-
nant women with COVID-19 and healthy low-risk pregnant 
women at a 1:2 ratio, respectively. Healthy controls were 
recruited during the study period from pregnant women who 
presented to outpatient clinics for their routine follow-up. 
Primary outcome measures were the comparison of the clini-
cal severity of the COVID-19 infection with serum 25(OH)
D concentrations. Secondary outcome measures were to 
assess the effects of serum 25(OH)D concentrations on pul-
monary involvement and hospitalization duration. Vitamin 
D status was defined as severe deficiency (serum 25(OH)
D < 30 nmol/L), deficiency/suboptimal (30–50 nmol/L), 
and adequacy/optimal (≥ 50 nmol/L) according to the recent 
update on the current status worldwide [16]. Patients were 
initially stratified into two categories as vitamin D deficiency 
(< 50 nmol/L) and adequate vitamin D (≥ 50 nmol/L) for 
statistical purposes [16]. Later, patients were stratified into 
three categories regarding vitamin D status. Use of multivi-
tamin, calcium or vitamin D supplements during the preg-
nancy was noted.

Serum 25(OH)D concentrations were analyzed from 
venous blood samples that were collected at the time of diag-
nosis between 08:00 a.m. and 10:00 a.m. using competitive 
chemiluminescence immunoassays using an Elecsys Vitamin 
D total II and COBAS 6000 Core devices (Roche Diagnos-
tics, IN, USA). The intraassay and interassay coefficients of 
variation were 8.7–6.6% and 8.9–7.4% at low (< 30 nmol/L) 
low serum 25(OH)D concentrations, respectively. The lower 
detection limit of the assay was 7.5 nmol/L.

The diagnosis of COVID-19 infection was made either 
using reverse transcription real-time polymerase chain reac-
tion (RT-PCR) testing for SARS-CoV-2 or imaging studies 
including chest computed tomography, lung ultrasound or 
chest X-ray. The clinical severity of COVID-19 was classi-
fied according to the World Health Organization (WHO) [1]. 
Patients with mild-to-moderate disease and severe-to-critical 
disease were classified as symptomatic patients who did not 
require oxygen support and those who received oxygen sup-
port, respectively. All patients were managed according to 
the current national treatment protocols. The first trimester 
of pregnancy was defined as < 14 weeks, the second tri-
mester between 14 and 27 weeks and 6 days, and the third 
trimester as ≥ 28 weeks until birth.

The collected data were analyzed using the SPSS soft-
ware version 22.0 (IBM Corp., Armonk, NY, USA). The 
normality of demographic data was assessed using the 
Shapiro–Wilk test. Demographic data are summarized as 
the median ± interquartile range for non-normally distrib-
uted data and as mean ± standard deviation for normally 
distributed data. Pearson’s Chi-square test was used to 
assess whether the adequacy of vitamin D and the clinical 
severity of COVID-19 were related. Student’s t test and the 
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Chi-square test were used to compare the means and rates of 
independent groups as indicated. Binary logistic regression 
was performed to assess the impact of patients’ character-
istics and serum 25(OH)D concentrations on testing posi-
tive for SARS-CoV-2. The first block of variables entered 
consisted of potential risk factors including age, body mass 
index (BMI), parity, gestational week, co-morbidity, serum 
25(OH)D concentrations, and vitamin D deficiency status. 
Nagelkerke R2 was used to measure the overall model per-
formance and the Hosmer–Lemeshow test for the goodness-
of-fit test. A p value of < 0.05 was considered to indicate a 
significant difference.

Results

The study cohort comprised 147 symptomatic preg-
nant women aged over 18 years with COVID-19 and 300 
healthy pregnant women. The demographic characteristics 
of the infected and healthy pregnant women are presented 
in Table 1. Serum 25(OH)D concentrations were slightly 
increased in women infected with SARS-CoV-2 when com-
pared with non-infected subjects (36.6 ± 26.8 nmol/L vs. 
31.3 ± 20.7 nmol/L, respectively; p = 0.001, independent 
samples t test).

Following further stratification concerning the adequacy 
of vitamin D (deficiency vs. adequate), vitamin D status 
was found to be similar in both groups (p = 0.090, Table 1). 
The mean serum 25(OH)D concentrations were 23.6 ± 10.7 
and 70.8 ± 20.7  nmol/L in patients with deficient and 
adequate vitamin D levels, respectively (mean difference: 

− 47.1 nmol/L, p < 0.001, independent t test). The relative 
risk (RR) of testing positive for SARS-CoV-2 in vitamin D 
deficiency (< 50 nmol/L) was found to be 0.767 (95% CI 
[0.570–1.030]; p = 0.078). The clinical severity of infected 
patients did not differ with regard to vitamin D deficiency 
(RR = 0.568, 95% CI [0.311–1.036]; p = 0.065), even after 
excluding patients on vitamin supplementation (RR = 0.625, 
95% CI [0.275–1.419]; p = 0.261).

When patients were categorized by serum 25(OH)D 
concentrations as severe deficiency (< 30 nmol/L), defi-
ciency/suboptimal (30–50 nmol/L), and adequacy/optimal 
(> 50 nmol/L); 57.3% (n = 256) of the patients were diag-
nosed as having severe deficiency, 22.8% (n = 102) as defi-
ciency/suboptimal, and 19.9% (n = 89) as adequacy/optimal. 
The categorized vitamin D status did not differ between 
infected and healthy pregnant women (p = 0.223, χ2 = 2.998, 
Pearson’s Chi-square test). Among pregnant women infected 
with SARS-CoV-2, the clinical severity (mild, moderate, 
severe, and critical) did not differ regarding vitamin D defi-
ciency (p = 0.538, χ2 = 5.049, Pearson’s Chi-square test). 
This non-significant trend between the vitamin D status and 
the clinical severity of SARS-CoV-2 infection was also simi-
lar with the dichotomous classification as mild to moderate 
and severe to critical (p = 0.184, χ2 = 3.386, Pearson’s Chi-
square test).

The binary logistic regression analysis showed 
that parity (Wald = 8.045, Exp(B) = 1.415, 95% CI for 
Exp(B) [1.113–1.799]; p = 0.005) and gestational week 
(Wald = 4.032, Exp(B) = 1.066, 95% CI for Exp(B) 
[1.002–1.135]; p = 0.045) significantly predicted SARS-
CoV-2 positivity. The Omnibus test of model coefficients 

Table 1  Demographic characteristics and vitamin D status of the overall cohort

25OH(D) 25-hydroxyvitamin, SD standard deviation, IQR interquartile range, BMI body mass index
a Independent samples T test
b Pearson Chi-square test

SARS-CoV-2 positive SARS-CoV-2 negative p

Mean SD Mean SD

Age (years) 27.98 5.14 27.99 5.49 0.530a

BMI (kg/m2) 28.44 4.84 26.26 4.79 0.554a

Gestational week 27.60 9.18 17.49 10.42 0.006a

Serum 25OH(D) concentration 
(nmol/L)

36.6 26.8 31.3 20.7 0.001a

Median IQR Median IQR

Parity 1 2 1 1

Exist (n (%)) Absent (n (%)) Exist (n (%)) Absent (n (%)) p (χ2)

Comorbidity 16 (10.9) 131 (89.1) 40 (13.3) 260 (86.7) 0.462b (0.540)

Deficiency Adequate Deficiency Adequate p (χ2)

Vit D status 111 (75.5%) 36 (24.5%) 247 (82.3%) 53 (17.7%) 0.090b (2.880)
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was significant (p < 0.001) and Nagelkerke R2 was ade-
quate with 0.290. The Hosmer–Lemeshow test showed a 
good fit for the model (p = 0.150) and the model explained 
73.2% of the variance.

In the present cohort, 12.53% (n = 56/447) of pregnant 
women had underlying health conditions or co-morbidi-
ties. The co-morbidities of all pregnant women were hypo-
thyroidism 4.5%, diabetes mellitus 2.5%, asthma 2.5%, 
hypertension 1.6%, rheumatoid disease 1.3%, and cardio-
vascular conditions 0.5%. The co-morbidities did not differ 
between pregnant women who were diagnosed as positive 
and negative for SARS-CoV-2 (p = 0.462).

Out of 147 patients infected with SARS-CoV-2, 
3.4% (n = 5) were diagnosed through imaging stud-
ies. The duration of hospitalization was 9.97 ± 4.70 and 
10.05 ± 3.73 days in patients with vitamin D deficiency 
and adequate vitamin D levels, respectively (p = 0.924, 
independent samples t test). The rate of admission to the 
intensive care unit (ICU) was 1.36% (n = 2) and there was 
no mortality.

Patient characteristics were comparable in patients 
with vitamin D deficiency and adequate vitamin D levels 
(Table 2). Pulmonary involvement was present in 91.16% 
(n = 134) of all pregnant women with COVID-19 and did 
not show a significant relation with the vitamin D status 

(p = 0.424, Table 2). The rate of patients who refused com-
puted tomography (CT) for diagnostic purposes was 71% in 
patients infected with SARS-CoV-2. COVID-19 pulmonary 
involvement found with CT, lung ultrasound (LUS) or chest 
X-ray was found to be similar between patients with vitamin 
D deficiency and adequate vitamin D levels (RR = 0.954; 
95% CI [0.863–1.055]: p = 0.357].

Discussion

Our findings showed that vitamin D status did not affect 
the clinical severity of COVID-19 in pregnant women, even 
when patients on vitamin supplementation were excluded. 
Pulmonary involvement of COVID-19 disease did not dif-
fer between pregnant women with vitamin D deficiency and 
adequacy. Furthermore, having vitamin D deficiency/ade-
quacy was similar in pregnant women infected with SARS-
CoV-2 and healthy pregnant women. To the best of our 
knowledge, this is the first study in the literature to compare 
the effect of vitamin D status in pregnant women regarding 
the risk of SARS-CoV-2 infection and clinical severity of 
COVID-19 disease.

Patients with vitamin D deficiency were proposed to be 
at increased risk of severe SARS-CoV-2 infection [17]. The 

Table 2  The characteristics of pregnant women with COVID-19 and primary outcomes according to vitamin D status

SD standard deviation, IQR interquartile range, BMI body mass index
a Independent samples T test
b Pearson Chi-square test

Vitamin D deficiency (< 50 nmol/L) (n = 111) Adequate vitamin D (≥ 50 nmol/L) (n = 36)

Mean SD Mean SD p

Age (year) 27.81 5.32 28.50 4.57 0.487a

BMI (kg/m2) 28.18 4.84 29.27 4.78 0.237a

Gestational week 27.32 9.49 28.47 8.20 0.513a

Hospitalization (days) 9.97 4.70 10.05 3.73 0.924a

Exist (n(%)) Absent (n(%)) Exist (n(%)) Absent (n (%)) p (χ2)

Comorbidity 11 (9.9) 100 (90.1) 5 (13.9) 31 (86.1) 0.505b (0.444)

1st 2nd 3rd 1st 2nd 3rd p (χ2)

Trimesters 15 (13.5%) 35 (31.5%) 61 (55%) 2 (5.6%) 11 (30.6%) 23 (63.9%) 0.391b (1.877)

Exist (n (%)) Absent (n (%)) Exist (n (%)) Absent (n (%)) p (χ2)

Pulmonary involvement 100 (90.1%) 11 (9.9%) 34 (94.4%) 2 (5.6%) 0.424b (0.639)

O2 not required  
(mild to moderate)

Received  O2  
(severe to critical)

O2 not required  
(mild to moderate)

Received  O2  
(severe to critical)

p (χ2)

Clinical severity 90 (81.1%) 21 (18.9%) 24 (66.7%) 12 (33.3%) 0.072b (3.244)
Clinical severity 

(excluding those 
with supplementa-
tion, n = 90)

50 (83.3%) 10 (16.7%) 22 (73.3%) 8 (26.7%) 0.264b (1.250)
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potential mechanisms of vitamin D action on SARS-CoV-2 
infection include the direct anti-inflammatory properties of 
vitamin D in the lungs with the local inhibition of nuclear 
factor-KB and mitogen-activated protein kinase activity by 
reducing inflammatory cytokines. In addition, vitamin D 
plays role in the regulation of the tissue remodeling path-
way, proliferation of monocytes to macrophages, and the 
anti-infectious process with the upregulation of cathelici-
din [16]. In a recent systematic review and meta-analysis, 
a higher risk of SARS-CoV-2 infection and greater severity 
of COVID-19 disease was concluded in a cohort consisting 
of mostly adults [8].

Vitamin D deficiency on admission was also linked 
with mortality in adults with COVID-19 pneumonia. A 
recent observational, cohort study observed higher rates of 
COVID-19 mortality in an older population with vitamin 
D deficiency [5]. De Smet et al. found that the radiologic 
stage was correlated with vitamin D status in patients with 
pulmonary involvement independent of co-morbidities in 
male patients only [10]. It should be noted that their cohort 
only included patients with severe infection; therefore, the 
observed significant relation between vitamin D status and 
stage of pulmonary involvement cannot be generalized.

In our study, pulmonary involvement was present in 
91.16% of all pregnant women with COVID-19 and showed 
no significant relation to vitamin D status (p = 0.424). It was 
interesting to obtain a high refusal rate of CT (71%) among 
pregnant women in our cohort; LUS was helpful to over-
come this obstacle because it was considered to be safe, 
rapid, and easy to use in pregnant women [18].

A recent systematic review and meta-analysis reported 
a significant association between serum vitamin D status 
and COVID-19 infection risk [19]. Another systematic 
review and meta-analysis that included more studies within 
a similar period revealed no clear and strong relation for a 
cause–effect relationship of vitamin D status (< 50 nmol/L) 
on COVID-19 health-related outcomes including the risk 
of mortality, ICU admission, invasive ventilation, non-
invasive ventilation, and SARS-CoV-2 positivity [20]. 
Hernandez et al. found significantly lower serum 25(OH)
D concentrations at admission in patients with COVID-19 
compared with those of healthy controls, although the sever-
ity of infection did not differ between the groups [21]. In our 
study, a significant difference was found in favor of infection 
(36.6 ± 26.8 nmol/L vs. 31.3 ± 20.7 nmol/L); however, we 
believe this finding was not clinically relevant because both 
means were lower than the pre-defined cutoff of 50 nmol/L 
and the vast majority of the entire cohort (80.1%) had vita-
min D deficiency. In their large retrospective study, Meltzer 
et al. observed adults with deficient vitamin D concentra-
tions measured within 1 year before testing COVID-19 
were found at higher risk of SARS-CoV-2 infection [9]. 
Pugach and Pugach compared the prevalence of vitamin D 

deficiency in recently published data with the death rate per 
million of the population of COVID-19. They found that 
mortality related to COVID-19 was positively associated 
with a higher prevalence of severe vitamin D deficiency 
[7]. Although these studies proposed a significant possible 
relationship between the vitamin D levels with SARS-CoV-2 
infection prevalence and mortality, the lack of testing at the 
time of diagnosis for SARS-CoV-2 might cause the results 
to be difficult to generalize. The design of the current study 
including concurrent testing for SARS-CoV-2 and serum 
25(OH)D concentrations may lower this possible bias. Con-
trary to the latest evidence, Hastie et al. observed a lack of 
association between serum 25(OH)D concentrations and the 
risk of contracting COVID-19, regardless of ethnicity [22].

The prevalence of vitamin D deficiency (< 50 nmol/L) is 
very high in up to every four in five pregnant women [11, 
23, 24]. Low serum 25(OH)D concentrations are known to 
be associated with adverse pregnancy outcomes including 
preeclampsia, gestational diabetes, preterm birth, and low 
birth weight [12–14, 25]. Although routine screening is not 
suggested, vitamin D supplementation is recommended dur-
ing the antenatal period [26]. In the current study, the preva-
lence of vitamin D deficiency was found to be consistent 
with the existing literature at 80.1% [11, 23, 24]. Seasonal-
ity effect, ethnicity, and increased vitamin D-binding pro-
tein concentrations against the haemodilution gradient may 
play an important role in decreased concentrations of free 
25(OH)D in the maternal circulation and therefore can cause 
suboptimal vitamin D status in pregnant women despite sup-
plement use [27, 28]. However, the vitamin D status of the 
healthy controls in this study was also rather poor, which 
may cause a potential bias considering the inadequate num-
ber of patients with sufficient vitamin D status. Thus, the 
evaluation of the impact of vitamin D deficiency on SARS-
CoV-2 infection should not be generalized.

There is a dearth of evidence on the effect of vitamin D 
status in pregnant women with COVID-19. To date, only 
one study in the literature has investigated serum 25(OH)
D concentrations in pregnant women infected with SARS-
CoV-2 [29]. The mean serum 25(OH)D concentration was 
found low, however, the major limitations of that study were 
the lack of a control group and that clinical severity was not 
assessed.

The number of subjects in our study was too small to 
rigorously evaluate the major outcomes, thus, this was the 
main limitation of the current study. The clinical sever-
ity of pregnant women with COVID-19 was found unre-
lated to vitamin D status in this study. This finding can 
be explained by viral load and possible non-controlled 
confounders. It is known that a higher viral load is possi-
bly associated with more severe clinical outcomes [30]. It 
was impossible to measure the viral load in patients at the 
time of the study. Except for the controlled confounders, 
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the seasonal effect can be another limitation of the cur-
rent study. However, this effect might have been minimal 
because the study was conducted between September and 
December. The major strengths of our study were its pro-
spective, cohort design, and the limited potential for con-
founding variables including similar population composi-
tion, age, BMI, gestational week, and comorbidity.

There is still debate as to whether vitamin D deficiency 
causes worse COVID-19 outcomes or if low vitamin D 
is a consequence of the infection itself [6]. Future stud-
ies should focus on assessing the cause-effect relation-
ship between vitamin D status and the clinical severity of 
COVID-19 in pregnant women. The findings of the current 
study should be considered carefully because the results 
do not oppose vitamin D supplementation in pregnant 
women, but only question the association between vita-
min D status and the susceptibility to and clinical severity 
of COVID-19.

In conclusion, clinical severity and pulmonary involve-
ment of COVID-19 may not be associated with vitamin D 
status in pregnant women. Vitamin D deficiency/adequacy 
rates were comparable in pregnant women infected with 
SARS-CoV-2 and healthy pregnant women. Given the over-
all high vitamin D deficiency rate, physicians should focus 
on establishing adequate vitamin D levels in pregnancy. 
Further well-designed studies with larger sample sizes and 
optimal vitamin D status are required.
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