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Abstract

Aim: Low vitamin D levels were related to an increased risk of upper respiratory tract infection and
pneumonia. Vitamin D might therefore protect against symptoms of the Covid 19. The present study
aims to evaluate the relationship between the acquisition and course of Covid 19 and serum vitamin
D levels and investigate the prophylactic efficacy of vitamin D supplementation in pregnant women.
Methods: This case-control study was conducted on 318 pregnant women admitted to our tertiary
clinic to give birth between March 2020 and December 2021. All cases were tested for Covid 19 via
nasopharyngeal swab. Fifty-four patients with positive PCR for SARS-CoV-2 (Group 1) were
matched with 264 consecutive healthy controls (Group 2). 25 OH D Vitamin levels were measured
and compared between the two groups, along with the frequency of vitamin D supplementation.
Results: Group 1 showed significantly low mean 25 OH D levels, compared to Group 2 (10,22 +
7,10 (3-37) ng/ml vs. 16,63 + 10,80 (3,40-48,90) ng/ml, p = 0,000). Sixteen point seven % of controls
and 3,7% of cases had normal Vitamin D levels (>30 ng/mL); the difference was also statistically
significant (p=0,005). The frequency of vitamin D supplementation was also detected higher in
controls than those with positive SARS-CoV-2 (35,6% vs. 14,8%, p=0,003).

Conclusions: Sustaining adequate levels of Vitamin D may positively impact protection against
Covid 19 during pregnancy. In this context, Vitamin D supplementation should be considered for
the pregnant population, particularly in settings where profound vitamin D deficiency is common.
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I ntroduction

The World Health Organization declared an
acute respiratory syndrome-Coronavirus-2
pandemic in March 2020 as it spreads
worldwide®. Although most infected indi-
viduals are asymptomatic or mildly symp-
tomatic, among elderly patients or those
with concomitant comorbid conditions (car-
diovascular disease, diabetes, chronic res-
piratory disease, and hypertension), it tends
to be severe2.0On the other hand, physiolog-
ical changes in the cardiopulmonary system
during pregnancy may influence the Covid
19. Increased heart rate reduced pulmonary
residual capacity, and hyperventilation dur-
ing pregnancy facilitate progression and
bring the additional risk of a severe form of
infection?®.

Growing evidence suggests that maternal
Covid 19 increases risks of neonatal mor-
bidities and mortality, preterm delivery, and
small for gestational age (SGA) along with
maternal morbidity and mortality*. Di Mas-
cio et al. also reported a strong relationship
between Covid 19 and early pregnancy loss,
preterm delivery, preeclampsia, operative
labor, and perinatal mortality®. The balance
between T helper-1 and T helper-2 cells is
crucial for a successful pregnancy, and it
could be disturbed by a severe form of
Covid 198,

Low vitamin D levels were related to an in-
creased risk of upper respiratory tract infec-
tion and pneumonia’. A meta-analysis eval-
uating 25 randomized controlled trials
showed that Vitamin D supplementation
avoids acute respiratory tract infections, and
people who were very deficient in vitamin
D (< 10 ng/mL) experienced particular ben-
efits®. Vitamin D induces antimicrobial pep-
tides, defensins, and cathelicidin and plays
a pivotal immunomodulatory role®. Vitamin
D may also protect against symptoms of the
Covid 19, primarily by increasing the level
of angiotensin-converting enzyme 2 in the
lungs™®.

Less is known about Covid 19 prophylaxis.
Thus, risk-reducing strategies and preven-
tive measures for the acquisition and course

of the disease are warranted. Vitamin D3
supplementation before or during Covid 19
may benefit the results of the recent stud-
ies'. When considering the increased rate
of receive to the intensive care unit and the
risk of thromboembolic complications,
need for supplemental oxygen, ventilation,
and mortality, pregnant women would be a
major target population for prophylaxis.
Herein, we also investigated the prophylac-
tic efficacy of vitamin D supplementation
on the course of infection in pregnant
women.

Materials and Methods

This case-control study was carried out be-
tween March 2020 and December 2021 at
Izmir Katip Celebi University Ataturk
Training and Research Hospital, where
1500 deliveries were managed annually. An
informed consent form in accordance with
the principles of the Declaration of Helsinki
was taken from all pregnant women, both
for themselves and their newborns. The
study protocol was approved by the institu-
tional ethics committee and the Turkish
Ministry of Health (0408).

All single pregnant women from the third
trimester were tested for SARS CoV 2 in-
fection using quantitative RT PCR (gRT-
PCR) from nasopharyngeal and oropharyn-
geal swabs before admission to give birth in
our tertiary clinic and included in the study.
Those with maternal systemic diseases (hy-
pertension, diabetes mellitus, systemic lu-
pus erythematosus, chronic kidney failure)
and multifetal pregnancies were excluded.
Patients were divided into two groups ac-
cording to PCR positivity; 54 pregnancies
with positive PCR were matched with 264
health controls and described as Group 1
and 2, respectively. 25-OH D vitamin
(ng/mL) was recorded at the time of ap-
proval for delivery. The matched controls
matched closely regarding the 25(OH)D
concentration measurement date. Patients in
Group 1 were evaluated according to WHO
Covid-19 guidelines; SARS-CoV-2 sero-
positive all patients were asymptomatic ex-
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cept two patients who had severe disease??.
Newborns of group 1 were also tested for
SARS CoV 2 using quantitative RT PCR
(QRT-PCR) from nasopharyngeal and oro-
pharyngeal swabs.

Blood samples of the entire patient’s serum
25-OH D vitamin levels were measured us-
ing enzyme-linked immunosorbent assay
(ELISA) via DxI 800Beckman, Coulter
(California) with interassay variation and
intraassay variation of 7%. Maternal age;
gravidity; parity; disease severity; maternal
mortality; mode of delivery; gestational

age; obstetric and neonatal outcomes; total
hospitalization length; vitamin D supple-
mentation status; and 25-OH D vitamin
(ng/mL) at the time of approval for delivery
were recorded.

We use Endocrine Society Guidelines crite-
ria for the description of vitamin D defi-
ciency levels such as<10 ng/mL.: severe vit-
amin D deficiency;10-20 ng/mL (50
nmol/L): vitamin D deficiency; 20-29
ng/mL (50—74 nmol/L): vitamin D insuffi-
ciency®®.

Table 1. Comparison of demographic features and clinical characteristics according to study

groups
Study Groups
Variables Covid 19 Group (n=54) Control Group (n=264) Test_ _ p-
Statistics  value
p-val 27.92 + 6.17 (17-43) 27.98 +5.81 (18-44) 71235 0.994
Gravidity
1 16 (29.6) 76 (28.8)
2 19 (35.2) 87 (33.0)
3 19 (35.2) 38 (14.4) 8.462 0.076
4 2(3.7) 36 (13.6)
5+ 3(5.6) 27 (10.2)
Parity
0 15 (27.8) 81 (30.7)
1 21(38.9) 94 (35.6)
2 13 (24.1) 49 (79.0) .
3 3 (11.5) 23 (8.7) Loss R
4 2 (3.7) 14 (5.3)
5+ 0 (0.0) 3(1.1)
. . 3141.76 + 668.76 3265.76 + 484.32
Birth Weight' (621.0-4330.0) (2000.0-4900.0) 65290 0.330
1.st minute APGAR
0-6 6 (11.1) 15 (5.7) e 0.142
7-10 48 (88.9) 249 (94.3) '
5.th minute APGAR
0-6 6 (11.1) 15 (5.7) e 0.142
7-10 48 (88.9) 249 (94.3) '
Mate_rna_l _ 2.37 +3.06 (1-20) 2.00 +1.52 (1-12) 63195 0.147
hospitalization length?
25-OH D vitamin 10.22 +7.10 (3-37) 16.63 + 10.80 (3.40-48.90) 4556.0 0.000%
(ng/mL)
Vajinal Labor 14 (25.9) 130 (49.2) 26.723 0.000*
Sectio Cesarea 35 (64.8) 126 (47.7) 5.237 0.025*

*p<0.05 and **Fisher’s Exact test, 'mean * standard deviation (minimum-maximum).
Other variables are presented with frequency and percentage based on columns.
APGAR: Appearance, Pulse, Grimace, Activity, Respiration
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As the first step of analyzing the data, the
conformity to the normal distribution was
examined with the Shapiro Wilk test. The
Mann-Whitney Y test was used to compare
the means of two independent groups that
did not have a normal distribution. In cases
where the sample size assumption of the re-
lationships between the categorical data is
met (n>5), with the Pearson Chi-Square
test; In cases where it was not met, it was
applied with Fisher's Exact test. Analyzes
were performed in IBM SPSS 25 program.

Results
The demographic features and clinical char-

acteristics of the two groups are shown in
table 1. The median age of the control group

was higher than those with Covid 19, but the
difference was not statistically significant
(p=0.994). Gravidity, parity, birth weight,
APGAR scores, and total hospitalization
length were also similar.

Mode of delivery varied significantly dif-
ferent between groups, namely cesarean
section rates were 64.8% vs. 47.79% among
Group 1 and 2, respectively (p=0.025). The
maternal mortality rate was found to be
3.7% (n=2) in the case group, and this rate
was statistically significantly higher than
the control group (3.7% vs. %0 p= 0.028).
Both cases had a severe form of Covid 19
and a history of mitral valve replacement.
Gestational ages of the patients at the time
of labor were 35 and 25 weeks, while
mortality happened at postpartum 20th and
15th days, respectively.

Table 2. Distribution of fetal and maternal mortality rates between the two groups

Study Groups
Variables Covid 19 Group (n=54) Control Group (n=264) Test Statistics \%Iue
Intrauterine fetal death 2(3.7) 14 (5.3) Sxx 1.000
Maternal mortality 2(3.7) 0(0.0) Sx* 0.028*

*p<0.05 and **Fisher’s Exact test

Tmean + standard deviation (minimum-maximum). Other variables are presented with frequency and percentage based on

columns.

Table 3. Relationship between study groups and vitamin D levels.

Study Groups

25-0OH D vitamin (ng/mL)

Covid 19 Group (n=54)

Control Group (n=264) Test Statistic p-value

Severe vitamin D deficiency 33 (61.1) 110 (41.7)

Vitamin D deficiency 14 (25.9) 54 (20.5) -
Vitamin D insufficiency 5(9.3) 56 (21.2) 12.944 0.005
Normal 2(3.7) 44 (16.7)

*p<0.05

Table 4. Relationship between study groups and Vitamin D supplementation.

Study Groups
Covid 19 Group (n=54) Control Group (n=264) Test Statistic p-value

Vitamin D supplementation 8 (14.8)

94 (35.6) 8.895 0.003*

*p<0.05
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The first case also had severe vitamin D
deficiency with a 25 OH D level of 4
ng/mL. (Table 2). That value could have
been lower than before COVID-19 due to
COVID-19*. Intrauterine fetal death was
present at the time of admission in 16
patients. Among them, 2 cases were in
controls, and 14 were in the Covid-19
group, while their 25-OH D vitamin levels
varied between 5-16 ng/mL. All fetuses had
negative PCR test results for SARS-CoV-2.
As shown in Table 2, there was no
relationship between Covid 19 and fetal
death (p =1.000).

The patient with severe vitamin D defi-
ciency (<10 ng/mL) rate in Covid 19 group
was significantly lower than in the control
group (41.7% vs. 61.1%; p=0.005). Normal
vitamin D levels (>30 ng/mL) were detected
significantly higher in the control group
than those with Covid 19 (16.7 % vs. 3.7%;
p=0.005). The categorical distribution of
vitamin D levels between groups is shown
in table 3. Concerning vitamin D supple-
mentation, we found that it was higher in the
control group, and the difference was statis-
tically significant (35.6% vs. 14.8%; p
=0.003) (Table 4).

Discussion

In recent years, the effect of vitamin D on
the immune system has gained importance,
and experimental studies have shown that
vitamin D exerts immunologic activities on
various components of the native and adap-
tive immune system, as well as endothelial
membrane stability. Some trials demon-
strated protective efficacy on infection, es-
pecially those of viral origin®®.

Covid-19, which has extended worldwide
like a pandemic since March 2020, has led
to severe morbidities and even mortality in
the immunocompromised and pregnant
population. Accordingly, several clinical
studies have been conducted to determine
vitamin D's effectiveness in preventing and
treating disease® . Thus, our study fo-
cused on whether adequate vitamin D level
during pregnancy affects the protection

against transmission and severity of the dis-
ease, and vitamin D supplementation during
pregnancy could be an eligible method for
this purpose.

Our study found severe vitamin D defi-
ciency (<10 ng/mL) was higher in the
Covid-19 + group. This finding suggests
that low vitamin D levels may impair local
immune system barriers and facilitate the
transmission of infection. In their study,
Seven et al. also found a relationship be-
tween vitamin D status and the severity of
Covid 19 in pregnant women. Interestingly,
the entire study cohort showed inadequate
serum vitamin D concentrations regardless
of the severity of the disease. They further
reported that a 25(OH)D level under 14.5
ng/ml is associated with severe Covid 19
and/or poor prognostic factors!’. Similar to
our study, In the study of Ferrer-Sanchez et
al. 8 in which the vitamin D levels of preg-
nant women with Covid 19 were compared
with the healthy control group, although the
levels were low in both groups, 89% of
pregnant women with Covid 19 had
25(0OH)D deficiency (<20 ng/mL); it was
present in 75.30% of Covid 19 negative
pregnant women, the results were statisti-
cally significant; also they reported that
pregnant women with 25(OH)D deficiency
was 2.68 times more likely to contract
COVID-19.

As a result, adequate vitamin D levels could
be protective against both transmission and
severity of the disease.

In addition to the relationship between vita-
min D levels and the risk of contracting
Covid 19, in another study of 159 Turkish
patients with Covid 19 and 332 healthy
controls, serum 25(OH)D levels were sig-
nificantly lower in patients with Covid 19%°.
The relationship between vitamin D
deficiency and symptomatology of Covid
19 in pregnancy is reported in a recent
study?.

Nonetheless, a cohort study of 447 Turkish
pregnant women with positive and negative
Covid 19 tests showed no association be-
tween vitamin D levels and severity of
Covid 19 even when serum 25(OH)D levels
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were found to be 37 = 27 and 31 + 21
nmol/L in Covid 19 group and control
group, respectively (p = 0.001)?%. This
contradictive finding is likely because the
entire cohort of the study had normal
(>30ng/mL) vitamin D levels; in other
words, there were no cases of vitamin D de-
ficiency, and the severity of the disease may
be influenced by clinical factors rather than
vitamin D levels. In our study, however, the
proportion of patients with normal vitamin
D levels was significantly higher in the con-
trol group (%16.7% (n=44) vs. 3.7% (n=2))
(p =0.005).

Another study of 50 hospitalized pregnant
with Covid 19 showed that the mean serum
25(0OH)D level of the study population was
10-59, significantly lower than the accepted
cut-off values (p < 0.001). This value was
within the limits of severe vitamin defi-
ciency according to the classification in our
study, which was found to be higher in the
Covid-19 group. The authors concluded that
low vitamin D levels might contribute to a
deficiency in immune response, and supple-
menting Vitamin D during the pandemic
could be beneficial during pregnancy for
prevention?,

In our study, we found that vitamin D sup-
plementation was significantly higher in the
control group compared to the SARS-CoV-
2 group, and we found the difference statis-
tically significant (p =0,003). In line with
our finding, a case-control study showed
that none of the pregnant with severe dis-
eases were supplemented with vitamin D,
even though there was no statistically sig-
nificant difference in taking supplementa-
tion between cases and controls19. The ma-
jor handicap of our study is the relatively
low number of Covid 19 + cases because it
was conducted in a single center. Another
limitation is the retrospective nature of the
study. The relationship between vitamin D
levels and the severity of Covid-19 couldn't
be statistically related due to the limited
number of the group with severe disease.
There is a need for other prospective studies
to evaluate the relation to vitamin D*s effect
on Covid 19 in pregnancy. Our study will

supply additional knowledge to the cumula-
tive data concerning Covid 19 pandemic.

Conclusion

Sustaining adequate levels of Vitamin D
may positively impact protection against
Covid 19 during pregnancy. Vitamin D sup-
plementation to maintain serum 25(OH)D
at a level of at least 30 ng/mL and above
may benefit protection or decrease the risk
of Covid 19 and its severity. However, there
is a need for new studies comparing the se-
verity of the disease with the level of vita-
min D to reach a definitive conclusion. In
this context, Vitamin D supplementation
should be considered for the pregnant pop-
ulation, particularly in settings where pro-
found vitamin D deficiency is common.

Author contributions

All authors read and approved the final manuscript.

M. Sengiil: Project development, Data Collection, data
analyzing Manuscript writing

H. Sen Selim: Data collection, data analyzing, manuscript
writing

S. Sen: Data analyzing, manuscript writing

H.Erbak Yilmaz: Data Collection

K.Kurt: Project development

Conflict of interest
The authors declare that they have no conflict of interest.

Funding
Authors declared no financial support.

Ethical approval

Informed consent was obtained from pregnant women both
for herself and the newborn. This study was approved by
the ethical committee with date 21.09.2021 and number 408
of 1zmir Katip Celebi Univesity, Faculty of Medicine and
the Turkish Ministry of Health.

References

1. Zhu N, Zhang D, Wang W. A novel coronavirus
from patients with pneumonia in China, 2019. N.
Engl. J.Med. 2020; 328 :727-33.
https://doi.org/10.1056/nejmoa2001017

2. Wu Z, McGoogan JM. Characteristics and key
lessons of the 2019 coronavirus disease
(COVID-19) outbreak in China: Summary of a
report of 72 314 cases from the Chinese center

OCopyright 2022 by Cukurova Anestezi ve Cerrahi Bilimler Dergisi - Available online at https://dergipark.org.tr/tr/pub/jocass

This work is licensed under a Creative Commons Attribution 4.0 International License

373


https://dergipark.org.tr/tr/pub/jocass
https://doi.org/10.1056/nejmoa2001017

10.

11.

12.

13.

for disease control and prevention. JAMA. 2020;
323 (13):1239-42.
https://doi.org/10.1001/jama.2020.2648
Salmon B, Bruick Sorge C. Pneumonia in
pregnant women: exploring this high-risk
complication and its links to preterm birth
[Internet]. AWHONN Lifelines. 2003; 7 (1): 48-
52.

https://doi.org/10.1177/1091592303251728
Capobianco G. Covid-19 in pregnant women: a
systematic review and meta-analysis. Euro. J.
Obstet. Gynecol. again. biol. 2020; 252:490-501.
https://doi.org/10.1016/j.ejogrb.2020.07.034

Di Mascio D, Khalil A., Saccone G, et al.
Outcome of coronavirus spectrum infections
(SARS, MERS, COVID-19) during pregnancy: a
systematic review and meta-analysis. | am J
Obstet Gynecol, MFM. 2020; 2 (2).
https://doi.org/10.1016/j.ajogmf.2020.100107
Liu H. Why are pregnant women susceptible to
COVID-19? An immunological perspective. J
Reprod. immunol. 2020; 139.
https://doi.org/10.1016/j.jri.2020.103122
Jovanovich AJ, Ginde AA, Holmen J, et al.
Vitamin D level and risk of community-acquired
pneumonia and sepsis. Nutrients 2014;6(6): 2196
— 205.

https://doi.org/10.3390/nu6062196

Martineau AR, Jolliffe DA, Hooper RL, et al.
Vitamin D supplementation to prevent acute
respiratory infections: systematic review and
meta-analysis of individual participant data.
BMJ. 2017 ;356:i6583.
https://doi.org/10.1136/bmj.i6583
Teymoori-Rad M, Shokri F, Salimi V, et
al.Interaction between vitamin D and viral
infections. Rev Med Virol. 2019; 29 :e2032.
https://doi.org/10.1002/rmv.2032

Aygiin H. Vitamin D can prevent multi-organ
damage caused by COVID-19 infection. Naunyn
Schmiedebergs  Arch  Pharmacol.  2020;
393(7):1157-60.
Https://doi.org/10.1007/s00210-020-01911-4.
Bassatne A, Basbous M, Chakhtoura M, et al.The
link between COVID-19 and VItamin D
(VIVID): a systematic review and meta-analysis.
Metabolism. 2021; 119 (June).
https://doi.org/10.1016/j.metabol.2021.154753
World Health Organization (WHO) (2020)
Clinical management of COVID-19: interim
guidance, 27 May 2020. World Health
Organization.
https://apps.who.int/iris/handle/10665/332196
Retrieved March 25, 2021.

Holick M.F, Binkley N.C, Bischoff-Ferrari H.A,
et al. Endocrine Society Evaluation, treatment,
and prevention of vitamin D deficiency: an
Endocrine Society clinical practice guideline. J.
Clin.  Endocrinol.  Metab.  2011;96(July
(7)):1911-30.

14.

15.

16.

17.

18.

19.

20.

21.

22.

https://doi.org/10.1210/jc.2011-0385

Smaha J, Kuzma M, Jackuliak P, et al.Serum 25-
hydroxyvitamin D Concentration Significantly
Decreases in Patients with COVID-19
Pneumonia during the First 48 Hours after
Hospital Admission. Nutrients. 2022 Jun
7:14(12):2362.
Https://doi.org/10.3390/nu14122362

Nipith Charoenngam and Michael F. Holick.
Immunologic Effects of Vitamin D on Human
Health and Disease. Nutrients. 2020 Jul; 12(7):
207.

Https://doi.org/10.3390/nu12072097

Mercola J, Grant WB, Wagner CL.Evidence
Regarding Vitamin D and Risk of COVID-19
and Its Severity. Nutrients. 2020 Oct
31;12(11):3361.
Https://doi.org/10.3390/nu12113361

Seven B, Gunduz O, Ozgur-Erdinc A S, et
al.Correlation between 25-hydroxy vitamin D
levels and COVID-19 severity in pregnant
women: a cross-sectional study. J Matern Fetal
Neonatal Med. 2021 Nov 23;1-6.
https://doi.org/10.1080/14767058.2021.2005564
Ferrer-Sanchez N, Diaz-Goicoechea M,
Mayoral-Cesar V, et al.Serum 25(0OH) Vitamin
D Levels in Pregnant Women with Coronavirus
Disease 2019 (COVID-19): A Case-Control
Study. IntJ Environ Res Public Health. 2022 Mar
26;19(7):3965.
https://doi.org/10.3390/ijerph19073965

Sinaci S, Ocal D F, Yucel Yetiskin D F, et
al.Impact of vitamin D on the course of COVID-
19 during pregnancy: A case control study. J
Steroid Biochem Mol Biol. 2021
Oct;213:105964.
Https://doi.org/10.1016/j.jsbmb.2021.105964
Schmitt G, Labdouni S, Soulimani R, et al.
Oxidative stress status and vitamin D levels of
asymptomatic to mild symptomatic COVID-19
infections during the third trimester of
pregnancy: A retrospective study in Metz,
France.Journal of Medical Virology.21 January
2022.

Https://doi.org/10.1002/jmv.27606

Tekin A B, Yassa M, Birol P, et al. Vitamin D
status is not associated with the clinical severity
of COVID-19 in pregnant women. European
Journal of Nutrition (2021).
https://doi.org/10.1007/s00394-021-02709-7
Yalcin Bahat P, Aldikactioglu Talmac M,Bestel
A, et al. Micronutrients in COVID-19 Positive
Pregnancies. Cureus. 2020 Sep 23;12(9):e106009.
https://doi.org/10.7759/cureus.10609

©Copyright 2022 by Cukurova Anestezi ve Cerrahi Bilimler Dergisi - Available online at https://dergipark.org.tr/tr/pub/jocass
This work is licensed under a Creative Commons Attribution 4.0 International License.

374


https://dergipark.org.tr/tr/pub/jocass
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1177/1091592303251728
https://doi.org/10.1016/j.ejogrb.2020.07.034
https://doi.org/10.1016/j.ajogmf.2020.100107
https://doi.org/10.1016/j.jri.2020.103122
https://doi.org/10.3390/nu6062196
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1002/rmv.2032
https://doi.org/10.1007/s00210-020-01911-4
https://doi.org/10.1016/j.metabol.2021.154753
https://apps.who.int/iris/handle/10665/332196
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.3390/nu14122362
https://doi.org/10.3390/nu12072097
https://doi.org/10.3390/nu12113361
https://doi.org/10.1080/14767058.2021.2005564
https://doi.org/10.3390/ijerph19073965
https://doi.org/10.1016/j.jsbmb.2021.105964
https://doi.org/10.1002/jmv.27606
https://doi.org/10.1007/s00394-021-02709-7
https://doi.org/10.7759/cureus.10609



