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Objective: We aimed to evaluate the vitamin D status of pregnant women with COVID-19, and the association 
between vitamin D level and severity of COVID-19. 
Methods: In this case control study, 159 women with a single pregnancy and tested positive for SARS-CoV-2, and 
randomly selected 332 healthy pregnant women with similar gestational ages were included. COVID-19 patients 
were classified as mild, moderate, and severe. Vitamin D deficiency was defined as 25-hydroxycholecalciferol 
<20 ng/mL (50 nmol/L), and 25-OH D vitamin <10 ng/mL was defined as severe vitamin D deficiency, also 
25-OH D vitamin level between 20− 29 ng/mL (525− 725 nmol/L) was defined as vitamin D insufficiency. 
Results: Vitamin D levels of the pregnant women in the COVID-19 group (12.46) were lower than the control 
group (18.76). 25-OH D vitamin levels of those in the mild COVID-19 category (13.69) were significantly higher 
than those in the moderate/severe category (9.06). In terms of taking vitamin D supplementation, there was no 
statistically significant difference between the groups. However, it was observed that all of those who had severe 
COVID-19 were the patients who did not take vitamin D supplementation. 
Conclusion: The vitamin D levels are low in pregnant women with COVID-19. Also, there is a significant dif-
ference regarding to vitamin D level and COVID-19 severity in pregnant women. Maintenance of adequate 
vitamin D level can be useful as an approach for the prevention of an aggressive course of the inflammation 
induced by this novel coronavirus in pregnant women.   

1. Introduction 

The novel Severe Acute Respiratory Syndrome-coronavirus-2 (SARS- 
CoV-2) originated in Wuhan, Hubei, China in December 2019 [1]. Since 
it was declared a pandemic by the World Health Organization on March 
11, 2020, millions of people around the world have been affected [2,3]. 

Although COVID-19 is characterized by high infectivity, the majority 
of those affected are asymptomatic. While most of the cases show mild 
symptoms, severe illness develops only in less than 15 % [4,5]. Pregnant 
women with novel coronavirus 2019 (COVID-19) and their newborns 
remain in the substantially unknown part of the issue. Comparing to 
nonpregnant women, pregnancy may worsen the course of COVID-19 
infection. In the literature, it has been indicated that COVID-19 may 
cause an increase in obstetric complications such as preterm labor and 

fetal distress [6–8]. 

1.1. Vitamin D and pregnancy 

Vitamin D is a fat-soluble vitamin and steroid hormone produced on 
the skin with the effect of ultraviolet radiation and also can be obtained 
from exogenous food sources or dietary supplements. Maternal vitamin 
D deficiency is an important worldwide public health problem that may 
worsen pregnancy outcomes [9]. Vitamin D deficiency is common 
among pregnant women. In a recent study, the prevalence of vitamin D 
deficiency in pregnant women in our country was reported as 81.4–86 
%. [10,11]. Vitamin D has various effects during pregnancy such as 
placental implantation, angiogenesis, immune function, oxidative stress, 
endothelial function, inflammatory response, and glucose homeostasis 
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[12,13]. A meta-analysis of observational studies has shown a positive 
association between low vitamin D levels and adverse pregnancy out-
comes such as preeclampsia, gestational diabetes mellitus, preterm 
birth, and SGA (small-for-gestational age) [14]. 

1.2. Vitamin D and COVID-19 

Vitamin D supplementation has been shown to reduce the incidence 
of viral respiratory infections [15–17]. It is thought that vitamin D 
supplementation could be a useful method to reduce the risk of influenza 
and COVID-19 [15–18]. The role of vitamin D in the response to 
COVID-19 is twofold. First, vitamin D increases the production of anti-
microbial peptides in the respiratory epithelium and reduces viral 
replication rates, making viral infection and symptoms milder. Second, 
Vitamin D reduces the inflammatory response to SARS CoV-2 by 
increasing anti-inflammatory cytokine concentrations and decreasing 
the concentrations of pro-inflammatory cytokines which increase lung 
damage [16]. 

Recently, a range of studies reported that low vitamin D levels are 
associated with an increased risk of COVID-19 positivity [17,19–21]. 
Additionally, many studies in the literature show a strong association 
between vitamin D deficiency and COVID-19 hospitalisation, severity 
and mortality [15,17,21–24]. ARDS (acute respiratory distress syn-
drome) caused by COVID-19 and its damage to other organs is secondary 
to cytokine storm and related oxidative stress. Active hydroxyl forms of 
vitamin D are anti-inflammatory, inducing anti-oxidative responses and 
inducing innate immunity against infectious agents [24–26]. Lower 
vitamin D levels in winter are facilitating viral outbreaks, and vitamin D 
supplementation may reduce the incidence, severity, and risk of viral 
diseases [24–27]. On the other hand, the association between the inci-
dence of severe COVID-19 and 25-OH D vitamin level is controversial, as 
some studies do not show a benefit when it is administered in critical 
cases [15,28–33]. 

In our study, for the first time, we aimed to evaluate 25-OH D vitamin 
levels of pregnant women with and without COVID-19 infection, which 
is a sensitive group, and also whether the vitamin D level are associated 
with the severity of COVID-19. 

2. Material and methods 

2.1. Procedure and patient selection 

This case control study was carried out between July–December 
2020 at the Ministry of Health Ankara City Hospital, the main public 
maternity hospital which handles approxiametly 15.000 deliveries 
yearly and covers all surgical and medical disciplines. 

159 women with a single pregnancy, from all trimesters and tested 
positive for severe acute respiratory syndrome coronavirus 2 (SARS- 

CoV-2) using quantitative RT PCR (qRT-PCR) from nasopharyngeal and 
oropharyngeal samples were included in the study. According to the 
Chinese management guideline for COVID-19 (version 6.0), patients 
were classified as mild, moderate, and severe [34]. Those who had 
maternal systemic diseases (diabetes, cardiovascular diseases, hyper-
tensive diseases of pregnancy, asthma, thromboembolic disorders, in-
flammatory bowel diseases, autoimmune connective tissue diseases, 
other infectious diseases) and multifetal pregnancy were excluded. 
Randomly selected 332 singleton pregnant women with similar gesta-
tional ages were designed as the control group for the same period. The 
following information was recorded by the researchers: maternal age; 
gravidity; parity; the number of living children; previous miscarriages; 
pre-pregnancy body mass index (BMI, calculated as weight in kilograms 
divided by the square of height in meters; BMI ≥ 30 was defined as 
obese); gestational age at diagnosis; minimum oxygen saturation; dis-
ease severity; maternal mortality; mode of delivery; obstetric and 
neonatal outcomes; taking vitamin D supplementation; and the 
following laboratory parameters at the time of admission: 25-OH D 
vitamin (ng/mL), D-dimer (mg/L), CRP, IL-6. According to the National 
Institute’s prophylaxis recommendations for pregnant women, whether 
taking vitamin D supplementation was noted. Blood samples were taken 
from the antecubital vein and serum 25-OH D vitamin levels (which is 
the most reliable biomarker of functional vitamin D status) were 
measured using enzyme-linked immunosorbent assay (ELISA). 
25-hydroxycholecalciferol level <20 ng/mL (50 nmol/L) was defined as 
vitamin D deficiency, <10 ng/mL was defined as severe vitamin D 
deficiency, and 25-OH D vitamin level between 20− 29 ng/mL 
(525− 725 nmol/L) was defined as vitamin D insufficiency, according to 
the Endocrine Society Guidelines [35]. 

2.2. Statistical analyses 

SPSS for Microsoft Windows 24.0 (SPSS Inc., Armonk, NY, USA) was 
used for statistical analyses. Frequency tables and descriptive statistics 
were used in the interpretation of the findings. 

The relationship between two qualitative variables, the expected 
value levels were analyzed by the Fisher-Exact and Pearson-χ2 test. The 
Mann-Whitney U test (Z-table value) was used to compare the mea-
surement values of two independent groups. p < 0.05 indicates a sta-
tistically significant correlation. 

3. Results 

The patients of COVID-19 and the normal pregnancy group did not 
differ in terms of maternal age, gestational week, gravidity, parity, pre- 
pregnancy BMI, and vitamin D supplementation, as seen in Table 1. A 
statistically significant difference was found between the groups in 
terms of Apgar 5th min value. Apgar 5th min scores were significantly 

Table 1 
Characteristics of the patients.  

Group COVID-19 (n = 159) Control (n = 332)  

Variable Median Median p** 
[Min-Max] [Min-Max] 

Age (year) 29.6 ± 5.72* 27.48 ± 5.14* p = 0.055 
Gravidity 2.0 [1.0− 7.0] 2.0 [0.0− 7.0] p = 0.174 
Parity 1.0 [0.0− 5.0] 1.0 [0.0− 5.0] p = 0.279 
Abortion 0.0 [0.0− 3.0] 0.0 [0.0− 4.0] p = 0.064 
Living child 1.0 [0.0− 5.0] 1.0 [0.0− 5.0] p = 0.312 
Gestational week 34.0 [6.0− 41.0] 31.0 [5.0− 41.0] p = 0.166 
Pre-pregnancy BMI (kg/m2) 27.08 ± 2.98* 26.60 ± 4.51* p = 0.064 
Birth weight 3202.48 ± 683.57* 3384.41 ± 400.30* p = 0.161 
Apgar 1st min 8.0 [0.0− 9.0] 8.0 [5.0− 8.0] p = 0.386 
Apgar 5st min 9.0 [0.0− 10.0] 10.0 [7.0− 10.0] p = 0.000 
25-OH D vitamin (ng/mL) 12.46 ± 6.46* 18.76 ± 13.74* p = 0.004  

* Mean ± SD (SD=Standard Deviation). 
** Mann-Whitney U test. 
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lower in the COVID-19 group than the control group (p < 0.05). 
As presented in Table 1, the Vitamin D levels of the patients in the 

COVID-19 group (12.46) were statistically significant lower than the 
control group (18.76) (p ¼ 0.004). 11 newborns were admitted to NICU 
in COVID-19 group, and indication was low birth weight in 8 cases, 
transient tachypnea of newborn in 3 cases. The mothers of the 7 new-
borns were in mild, 3 were in moderate, 1 was in severe COVID-19 

category. One fetus died in utero at 25 gestational weeks, whose 
mother was in mild COVID-19 category and on the 4th day of the SARS- 
CoV-2 PCR positivity. Also, nasopharyngeal PCR of the newborn was 
negative for SARS-CoV-2. 

As presented in Table 2, there was a significant difference in 25-OH D 
vitamin levels between COVID-19 and control group (p ¼ 0.000). While 
the majority of the patients in the control group had vitamin D insuffi-
ciency and deficiency, severe 25-OH D vitamin deficiency had the 
highest rate in the COVID-19 patients. 

As presented in Table 3. five mothers died in severe COVID-19 
category. While one mother was at 12 gestational week, four of them 
were in mid-late third trimester of the pregnancy. 25-OH D vitamin level 
of those were ranging between 4.5 and 12. 

The distribution of vitamin D levels according to COVID-19 cate-
gories was given in Table 4. There was a statistically significant rela-
tionship between groups in terms of COVID-19 severity and 25-OH D 
vitamin level (p < 0.05). Although 25-OH D vitamin levels were low in 
both groups, 25-OH D vitamin levels of those in the mild COVID-19 
group (13.69) were significantly higher than those in the moderate or 
severe COVID-19 group (9.06) (p < 0.05). 

There was a significant relationship between groups in terms of 25- 
OH D vitamin deficiency and COVID-19 severity (p ¼ 0.000). In both 
mild and moderate + severe COVID-19 groups, the majority of the pa-
tients had severe 25-OH D vitamin deficiency (Table 5). 

There was no statistically significant relationship between vitamin D 
supplementation and COVID-19 severity (p > 0.05). However, it was 
observed that all of those who had severe COVID-19 were the patients 
who did not take vitamin D supplementation. In those taking vitamin D 
supplementation, the mild COVID-19 rate was 77.8 %; while moderate 
and severe was 22.2 %, as seen in Table 6. 

Table 2 
Distribution of the patients according to vitamin D levels.   

COVID-19 (n =
159) 

Control (n = 332)  

25-OH D vitamin (ng/ 
mL) 

n [%] n [%] p* 

<10: severe deficiency 59 [37.1] 35 [10.5] 

p = 0.000 10− 19: deficiency 36 [22.6] 108 [32.5] 
20− 29: insufficiency 31 [19.5] 128 [38.6] 
≥30: normal 33 [20.8] 61 [18.4]  

* Pearson-χ2 test. 

Table 3 
Demographic and clinical features of the severe COVID-19 cases.  

Variable Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 

Age (year) 35 24 27 31 30 36 41 
Gravidity 2 2 1 4 1 3 6 
Gestational week 31 33 38 34 28 32 12 
Pre-pregnancy BMI (kg/ 

m2) 
20 28 31 26 25 30 28 

25-OH D vitamin (ng/ 
mL) 

6 4.5 10.9 8 12 9.1 10.6 

D vitamin 
supplementation 

– – – – – – – 

Calcium (mg/dL) 8 7.5 7.4 8 8.30 7.8 7.6 
Alkaline phosphatase 

(U/L) 
150 103 61 42 96 214 32 

Total protein (g/L) 56 51 54 48 55 47 48 
D-dimer 1.46 1.65 15.4 2.1 0.92 3.86 0.9 
CRP 127.9 38 167.7 181.5 100.5 186.8 87.1 
IL-6 101 8.6 75.5 701 33.3 135 146 
ICU admission + + + + + + +

High flow oxygen + + + + + + +

Mechanical ventilation – – + + + + +

Maternal outcome Discharged 
healthily at 30 
weeks  

Maternal ex Maternal 
ex 

Maternal ex Maternal ex Maternal 
ex 

Birth weight (g) NA 1870 NA NA 1720 2050 – 
APGAR 1st and 5th min NA 7/9 NA NA 5/7 7/9 – 
NICU NA + + NA + + – 
Neonatal complication NA LBW LBW, RDS NA LBW, RDS LBW abortion 
Nasopharyngeal PCR of 

the newborn 
NA – – NA – – – 

Neonatal outcome NA Discharged healthily 
on 18 days of life 

Discharged healthily 
on 12 days of life 

NA Discharged healthily 
on the 88 days of life 

Discharged healthily 
on the 24 days of life 

abortion 

ICU: intensive care unit. 
NICU: neonatal intensive care unit admission. 
LBW: low birth weight. 
RDS: Respiratory distress syndrome. 
NA: Not applicable. 

Table 4 
25-OH D vitamin level in patients according to COVID-19 severity.   

COVID-19 Severity   

Mild Moderate +
Severe 

p** 

25-OH D 
vitamin 

n 128 31 
p = 0.041 Mean ± SD 

* 
13.69 ±
9.72 9.06 ± 8.82  

* Standard Deviation. 
** Mann-Whitney U test. 
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4. Discussion 

There are several reports from different countries mentioning that 
vitamin D deficiency is associated with the incidence and severity of 
COVID-19. The ongoing debate is focusing on the idea that vitamin D 
supplementation may reduce the viral infection risk and the majority of 
the risk groups for severe COVID-19 tend to have vitamin D deficiency. 

It is known that SARS-CoV-2 causes an excessively increased pro-
duction of proinflammatory cytokines such as interleukin-1β (IL-1β), 
tumor necrosis factor-α (TNF-α), interleukin-8 (IL-8), interleukin-12 (IL- 
12), and especially interleukin-6 [IL-6] [36]. Hyperactivation of im-
mune cells results in hypercytokinemia with excessive innate immune 
response and infiltration of inflammatory cytokines in lung cells [37, 
38]. Extensive tissue damage with dysfunctional coagulation results in 
acute lung injury called acute respiratory distress syndrome (ARDS) 
related to COVID-19. An unrestricted immune reaction in the host leads 
to the situation called cytokine storm which is associated with the 
severity of COVID-19. 

Apart from its effects on bone health and calcium-phosphor meta-
bolism, vitamin D also plays an essential role in the immune system. T 
regulatory lymphocytes (Tregs) generally provide a basic defense 
against viral infection and prevent uncontrolled inflammation which has 
been reported to be low in COVID-19 patients, furthermore significantly 
lower in severe cases [39]. It suggests that supplementation of vitamin 
D, which is effective in raising Tregs levels, may be beneficial in 
reducing the severity of COVID-19 [40]. Vitamin D inhibits T cell pro-
liferation and activation and acts on most immune system cells such as 
macrophages, neutrophils, and dendritic cells. Also, vitamin D has a 
regulatory role on the immune system, downregulating the production 
of pro-inflammatory cytokines and increasing the production of 
anti-inflammatory cytokines [41,42]. In some recent studies, it was re-
ported that vitamin D deficiency is related to increased levels of 
pro-inflammatory cytokines such as TNF-α and IL-6 and it was claimed 
that adequate levels of vitamin D may reduce the incidence of cytokine 
storm, which can occur in severe COVID-19 cases [42–44]. Vitamin D 
stabilizes the immune response supporting the innate immune system 
that provides an anti-inflammatory response [42,43]. Due to its effects 
on the immune system, vitamin D may reduce the course of severe 
COVID-19 [15,17,21–24]. 

In the literature, the majority of the studies reported a significant 
association between vitamin D deficiency and COVID-19 incidence, 
while some others claimed the opposite by showing that there is no such 

association [15,18–24,43,44]. In this study, we observed a prominent 
association between vitamin D deficiency and the incidence of 
COVID-19 in pregnant women. Additionally, 25-OH D vitamin levels 
were low (<20 ng/mL) on both COVID-19 (12.46) and control (18.76) 
groups. Considering the fact that vitamin D deficiency is common among 
pregnant women, we think it is not surprising that 25-OH vitamin D 
levels were also low in healthy pregnant women in control group 
[9–11]. Besides the incidence of COVID-19, our findings showed a sig-
nificant correlation between 25-OH D vitamin level and the COVID-19 
severity in pregnant women, and this is in line with the majority of 
the related literature [15,18–23,31–33,42,43]. 

Through several mechanisms, vitamin D is likely to reduce acute 
respiratory tract infection risk [15–17]. For prevention of the infection, 
25-OH D vitamin level is recommended to be between 40− 60 ng/mL 
[24]. A meta-analysis of 15 randomized controlled trials that investi-
gated the effectiveness of vitamin D supplementation in reducing the 
risk of developing respiratory tract infections indicated no significant 
risk reduction among healthy individuals [45]. However, supplemen-
tation is required especially in the case of vitamin D deficiency. In 2011, 
the Endocrine Society recommended 1000–4000 IU/day (up to 10.000 
IU/day particularly for obese individuals) vitamin D supplementation to 
reach serum 25-OH D vitamin levels above 30 ng/mL, especially in 
winter [35]. The upper limit of supplementation for pregnant women is 
reported to be 5000 IU/day in the literature [46]. In our study popula-
tion, the majority of the patients were not on vitamin D supplementa-
tion. Also, the patients taking vitamin D supplements were using it at the 
prophylaxis dose. Although our results showed no statistically signifi-
cant correlation between vitamin D supplementation and COVID-19 
severity, similar to the literature, we observed that none of the severe 
cases were using vitamin D supplementation [15,19,21]. 

If a good nutritional status and vitamin D supplementation provided 
in vulnerable populations such as pregnancy, it may be conceivable that 
the spread of COVID-19 will decrease due to the immune-enhancing and 
anti-inflammatory effects of vitamin D [47]. Therefore, effective pro-
phylaxis programs for vitamin D deficiency are essential to prevent 
vitamin D deficiency and its obstetric outcomes in pregnant women, 
especially in the winter season [48]. However, further research and 
clinical trials are needed on both the therapeutic and preventive roles of 
vitamin D supplementation in pregnant women with COVID-19 infec-
tion. Based on the available literature, a plausible presumption is that 
the pre-infectious level of vitamin D in pregnant women might be of 
particular importance for the resistance to the progressing course of 
COVID-19. 

A potential limitation of this study is the relatively low number of 
moderate and severe COVID-19 cases, which was probably related to the 
course of COVID-19 being mild in most of the pregnant patients. How-
ever, although the numbers were low since the population size is high, 
the small numbers were considered sufficient to present early results 
about COVID-19 and its relationship with vitamin D level during 
pregnancy. 

To the best of our knowledge, this is the first study analyzing the 25- 
OH D vitamin levels in pregnant COVID-19 patients. Moreover, the high 
number of patients in the study population recruited in a single-center is 
another fundamental strength of our study. 

5. Conclusion 

Vitamin D deficiency is just one of the many factors that affect the 
course of COVID-19. Vitamin D deficiency can be thought of as a risk 
factor for severe COVID-19. Vitamin D deficiency is an important issue 
that may affect the course of COVID-19 in pregnant patients. Vitamin D 
supplementation and maintenance of adequate vitamin D levels can be 
useful as an approach for the prevention of an aggressive course of the 
inflammation induced by this novel coronavirus in pregnant women. 

Table 5 
Distribution of the COVID-19 patients according to vitamin D levels.   

COVID-19 Group   

Mild Moderate + Severe  
25-OH D vitamin (ng/mL) n [%] n [%] p* 

<10: severe deficiency 36 [28.1] 23 [74.2] 

p = 0.000 10− 19: deficiency 33 [25.8] 3 [9.7] 
20− 29: insufficiency 28 [21.9] 3 [9.7] 
≥30: normal 31 [24.2] 2 [6.4]  

* Pearson-χ2 test. 

Table 6 
Relationship between Vitamin D supplementation and COVID-19 severity.   

COVID-19 Severity    

Mild Moderate +
Severe 

p* 

Vitamin D 
supplementation 

Yes (n =
36) 

n 28 8 
p =
0.818 

% 77.8 22.2 
No (n =
123) 

n 100 23 
% 81.3 18.7  

* Pearson-χ2 test. 
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[10] A.T. Ergür, M. Berberoğlu, B. Atasay, et al., Vitamin D deficiency in Turkish 
mothers and their neonates and in women of reproductive age, J Clin Res Pediatr 
Endocrinol 1 (6) (2009) 266–269, https://doi.org/10.4274/jcrpe.v1i6.266. 
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Hernández, M. López-Hoyos, P. Muñoz-Cacho, J.M. Olmos, M. Gutiérrez-Cuadra, J. 
J. Ruiz-Cubillán, J. Crespo, V.M. Martínez-Taboada, Vitamin D status in 
hospitalized patients with SARS-CoV-2 infection, J. Clin. Endocrinol. Metab. 106 
(March (3)) (2021) e1343–e1353, https://doi.org/10.1210/clinem/dgaa733. 
PMID: 33159440; PMCID: PMC7797757. 

[24] W.B. Grant, H. Lahore, S.L. McDonnell, et al., Evidence that vitamin D 
supplementation could reduce risk of influenza and COVID-19 infections and 
deaths, Nutrients 12 (4) (2020) 988, https://doi.org/10.3390/nu12040988. 
Published 2020 April 2. 

[25] R.M. Slominski, J. Stefan, M. Athar, M.F. Holick, A.M. Jetten, C. Raman, A. 
T. Slominski, COVID-19 and Vitamin D: a lesson from the skin, Exp. Dermatol. 11 
(August) (2020), https://doi.org/10.1111/exd.14170. Epub ahead of print. PMID: 
32779213; PMCID: PMC7436895. 

[26] M. Teymoori-Rad, F. Shokri, V. Salimi, S.M. Marashi, The interplay between 
vitamin D and viral infections, Rev. Med. Virol. 29 (2) (2019) e2032. 

[27] F. Huang, C. Zhang, Q. Liu, et al., Identification of amitriptyline HCl, flavin adenine 
dinucleotide, azacitidine and calcitriol as repurposing drugs for influenza A H5N1 
virus-induced lung injury, PLoS Pathog. 16 (3) (2020), e1008341. 

[28] R.Z. Cheng, Can early and high intravenous dose of vitamin C prevent and treat 
coronavirus disease 2019 (COVID-19)? Med. Drug Discov. 5 (2020), 100028. 

[29] A. D’Avolio, V. Avataneo, A. Manca, et al., 25-Hydroxyvitamin D concentrations 
are lower in patients with positive PCR for SARS-CoV-2, Nutrients 12 (5) (2020). 

[30] C.E. Hastie, D.F. Mackay, F. Ho, et al., Vitamin D concentrations and COVID-19 
infection in UK Biobank, Diabetes Metab. Syndr. 14 (4) (2020) 561–565. 

[31] P.C. Ilie, S. Stefanescu, L. Smith, The role of vitamin D in the prevention of 
coronavirus disease 2019 infection and mortality, Aging Clin. Exp. Res. 32 (7) 
(2020) 1195–1198, https://doi.org/10.1007/s40520-020-01570-8. 

[32] H. Jakovac, COVID-19 and vitamin D-is there a link and an opportunity for 
intervention? Am. J. Physiol. Endocrinol. Metab. 318 (5) (2020) E589. 

[33] P.E. Marik, P. Kory, J. Varon, Does vitamin D status impact mortality from SARS- 
CoV-2 infection? Med. Drug Discov. 6 (2020) 100041, https://doi.org/10.1016/j. 
medidd.2020.100041. 

[34] National Health Commission of the People’s Republic of China, Chinese 
Management Guideline for COVID-19 (Version 6.0), February 19, 2020. 

[35] M.F. Holick, N.C. Binkley, H.A. Bischoff-Ferrari, C.M. Gordon, D.A. Hanley, R. 
P. Heaney, M.H. Murad, C.M. Weaver, Endocrine Society, Evaluation, treatment, 
and prevention of vitamin D deficiency: an Endocrine Society clinical practice 
guideline, J. Clin. Endocrinol. Metab. 96 (July (7)) (2011) 1911–1930, https://doi. 
org/10.1210/jc.2011-0385. Epub 2011 Jun 6. Erratum in: J Clin Endocrinol 
Metab. 2011 Dec;96(12):3908. PMID: 21646368. 

[36] D. Wang, B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, H. Xiang, Z. Cheng, 
Y. Xiong, et al., Clinical characteristics of 138 hospitalized patients with 2019 
novel coronavirus-infected pneumonia in Wuhan, China, JAMA 323 (11) (2020) 
1061–1069, https://doi.org/10.1001/jama.2020.1585. 

[37] Q. Ye, B. Wang, J. Mao, The pathogenesis and treatment of the ‘Cytokine Storm’ in 
COVID-19, J. Infect. 80 (6) (2020) 607–613. 

[38] P. Mehta, D.F. McAuley, M. Brown, E. Sanchez, R.S. Tattersall, J.J. Manson, HLH 
Across Speciality Collaboration, UK, COVID-19: consider cytokine storm 
syndromes and immunosuppression, Lancet 395 (10229) (2020) 1033–1034. 

[39] G. Chen, D. Wu, W. Guo, et al., Clinical and immunological features of severe and 
moderate coronavirus disease 2019, J. Clin. Invest. 130 (2020) 2620–2629. 

[40] S.A. Fisher, M. Rahimzadeh, C. Brierley, B. Gration, C. Doree, C.E. Kimber, A. Plaza 
Cajide, A.A. Lamikanra, D.J. Roberts, The role of vitamin D in increasing 

S. Sinaci et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0005
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0005
https://covid19.who.int/WHOCOVID-19-global-data.csv
https://doi.org/10.1001/jama.2020.2648
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0025
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0025
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0025
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0030
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0030
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0030
https://doi.org/10.1002/ijgo.13460
https://doi.org/10.1002/ijgo.13460
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0040
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0040
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0040
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0045
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0045
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0045
https://doi.org/10.4274/jcrpe.v1i6.266
https://doi.org/10.1016/j.tjog.2019.09.008
https://doi.org/10.1016/j.tjog.2019.09.008
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0060
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0060
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0065
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0065
https://doi.org/10.1097/GCO.0000000000000117
https://doi.org/10.1097/GCO.0000000000000117
https://doi.org/10.1016/j.metabol.2021.154753
https://doi.org/10.1016/j.metabol.2021.154753
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1016/j.jiph.2020.06.021
https://doi.org/10.1016/j.jiph.2020.06.021
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0090
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0090
https://doi.org/10.1111/febs.15495
https://doi.org/10.1111/febs.15495
https://doi.org/10.1101/2020.07.03.20145581
https://doi.org/10.1101/2020.07.03.20145581
https://doi.org/10.1016/j.jsbmb.2021.105883
https://doi.org/10.1016/j.jsbmb.2021.105883
https://doi.org/10.1210/clinem/dgab439
https://doi.org/10.1210/clinem/dgab439
https://doi.org/10.1210/clinem/dgaa733
https://doi.org/10.3390/nu12040988
https://doi.org/10.1111/exd.14170
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0130
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0130
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0135
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0135
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0135
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0140
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0140
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0145
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0145
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0150
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0150
https://doi.org/10.1007/s40520-020-01570-8
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0160
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0160
https://doi.org/10.1016/j.medidd.2020.100041
https://doi.org/10.1016/j.medidd.2020.100041
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0170
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0170
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1001/jama.2020.1585
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0185
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0185
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0190
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0190
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0190
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0195
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0195
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0200
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0200


Journal of Steroid Biochemistry and Molecular Biology 213 (2021) 105964

6

circulating T regulatory cell numbers and modulating T regulatory cell phenotypes 
in patients with inflammatory disease or in healthy volunteers: a systematic 
review, PLoS One 14 (September (9)) (2019), e0222313. 

[41] A.R. Martineau, Vitamin D supplementation to prevent acute respiratory tract 
infections: systematic review and meta-analysis of individual participant data, BMJ 
356 (2017) 6583–6594. 

[42] B. Prietl, G. Treiber, T.R. Piber, K. Amrein, Vitamin D and immune function, 
Nutrients 5 (2013) 2502–2521. 

[43] F. Baeke, T. Takiishi, H. Korf, Vitamin D: modulator of the immune system, Curr. 
Opin. Pharmacol. 10 (2010) 482–496. 

[44] C.A. Peterson, M.E. Heffernan, Serum tumor necrosis factor-alpha concentrations 
are negatively correlated with serum 25(OH)D concentrations in healthy women, 
J. Inflamm. (Lond.) 5 (2008) 10. 

[45] D. Vuichard Gysin, D. Dao, C.M. Gysin, L. Lytvyn, M. Loeb, Effect of vitamin D3 
supplementation on respiratory tract infections in healthy individuals: a systematic 

review and meta-analysis of randomized controlled trials, PLoS One 11 (2016), 
e0162996. 

[46] N. Bokharee, Y.H. Khan, T. Wasim, T.H. Mallhi, N.H. Alotaibi, M.S. Iqbal, 
K. Rehman, A.I. Alzarea, A. Khokhar, Daily versus stat vitamin D supplementation 
during pregnancy; a prospective cohort study, PLoS One 15 (April (4)) (2020), 
e0231590, https://doi.org/10.1371/journal.pone.0231590. PMID: 32298329; 
PMCID: PMC7162461. 

[47] P.C. Calder, A.C. Carr, A.F. Gombart, M. Eggersdorfer, Optimal nutritional status 
for a well-functioning immune system is an important factor to protect against viral 
infections, Nutrients 12 (2020) 1181. 

[48] A. Mena-Bravo, M. Calderón-Santiago, V. Lope, M. Kogevinas, M. Pollán, M. 
D. Luque de Castro, F. Priego-Capote, Vitamin D3 levels in women and factors 
contributing to explain metabolic variations, J. Steroid Biochem. Mol. Biol. 211 
(March (26)) (2021) 105884, https://doi.org/10.1016/j.jsbmb.2021.105884. 
Epub ahead of print. PMID: 33775819. 

S. Sinaci et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0200
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0200
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0200
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0205
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0205
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0205
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0210
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0210
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0215
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0215
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0220
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0220
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0220
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0225
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0225
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0225
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0225
https://doi.org/10.1371/journal.pone.0231590
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0235
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0235
http://refhub.elsevier.com/S0960-0760(21)00157-6/sbref0235
https://doi.org/10.1016/j.jsbmb.2021.105884

