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Background & aims: Systemic inflammation has been reported as a new predictor for COVID-19 out-
comes. Thus, we hypothesized that ICU patients infected by COVID-19 had lower blood vitamin D levels
and increased systemic inflammation. Therefore, this is the first Brazilian study to evaluate the vitamin D
concentrations and NLR as a systemic inflammation in patients infected by COVID-19 admitted in ICU.
Methods: This cross-sectional study selected twenty-six patients from COVID-19 Data Sharing/FAPESP,
Brazil. Twenty-five patients were enrolled from a single hospital and those with blood vitamin D and
neutrophil and lymphocyte data were included and had all available data analyzed. Patients were divided
in two groups: low vitamin D concentration when �20 ng/mL (low Vit D group, n ¼ 8, 5M/3F, 62.7 ± 8.4
years old), and normal vitamin D when > 20 ng/mL (normal Vit D group, n ¼ 17, 9M/8F, 74 ± 8.2 years
old). Serum 25-hydroxy-vitamin D, C reactive protein (CRP), and count of neutrophils and lymphocytes
concentrations were collected from COVID-19 Data Sharing/FAPESP. Statistical analyses were performed
using the Prism version 5.0 and Student T test was applied to verify any difference between the groups.
Results: Low vitamin D group had 15.5 ± 3.3 ng/mL of 25OH Vit D concentrations and normal vitamin D
group had 35.9 ± 8.8 ng/mL. Although no difference between groups for CRP concentrations (low Vit D:
4.5 ± 3.3 vs. normal Vit D: 4.2 ± 4.0 mg/dL, p ¼ 0.45), we found higher neutrophil count and NLR values
in the low Vit D group when compared to normal Vit D group (low Vit D: 6049.8 ± 3719.7 vs. normal Vit
D: 3741.8 ± 1704.1 ng/mL, p ¼ 0.02) and (low Vit D: 9.0 ± 8.6 vs. normal Vit D: 4.2 ± 4.0 ng/mL, p ¼ 0.03),
respectively.
Conclusion: This data sharing-derived cases of COVID-19 in patients admitted at ICU showed that pa-
tients infected by COVID-19 had lower serum 25-hydroxy vitamin D and enhanced systemic inflam-
mation when assessed by NLR values.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The coronavirus COVID-19 pandemic has significantly increased
the number of hospitalizations [1]. During the hospitalization, many
patients suffered of an aggravation of their symptoms related to
COVID-19 infection (i.e. cough, fever, acute respiratory failure, fa-
tigue, and inflammation) associated with 15e20% of hospital mor-
tality and about 40% of infected patients requiring ICU admission
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[2]. A meta-analysis showed that patients with serum vitamin D
concentrations <20 ng/mL had an increased risk of pneumonia [3].
Although, no negative correlation between blood vitamin D con-
centration and deaths (r ¼ �0.35, p ¼ 0.12) was found, there is a
negative correlation between the vitamin D concentration and the
number of case of COVID-19 infected patients in the general pop-
ulation [4]. In previous study, we found that low blood vitamin D
(<17.7 ng/mL) concentrations are associated with the ICU clinical
outcomes, such as acute respiratory failure, infections and acute
liver failure [5].

Many studies reported some effects immunomodulatory of
vitamin D, no randomized controlled trial was performed to test
whether or not vitamin D supplementation is able to reduce the
y Elsevier Ltd. All rights reserved.
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rate of ICU admission of COVID-19 infected patients, and to blunt
the viral infection and the level of proinflammatory cytokines [6].
Systemic inflammation markers, such as increased neutrophil-
lymphocyte ratio (NLR) are used as a prognostic marker for
severity and mortality in COVID-19 patients [7]. However, the
relationship between vitamin D and systemic inflammation
observed in Brazilian patients remains to be elucidated.

Thus, we hypothesized that ICU patients infected by COVID-19
had lower blood vitamin D levels and increased systemic inflam-
mation. Therefore, this is the first study to evaluate the vitamin D
concentrations and NLR as a systemic inflammation in Brazilian
patients infected by COVID-19 admitted in ICU.

2. Methods

This cross-sectional study selected twenty-six patients from
COVID-19 Data Sharing/FAPESP, Brazil, that included data from
Hospital Sírio Libanês, Brazil (i.e. 20 patients came from Sao Paulo
State, 5 from Par�a State and 1 fromMaranh~ao State, but one patient
was excluded because of outlier values of biochemical parameters).
Thus, twenty-five patients were enrolled from a single hospital and
those with blood vitamin D and neutrophil and lymphocyte data
were included and had all available data analyzed. Patients were
divided in two groups: low vitamin D concentration when �20 ng/
mL (low Vit D group, n¼ 8, 5M/3F, 62.7 ± 8.4 years old), and normal
vitamin D when > 20 ng/mL (normal Vit D group, n ¼ 17, 9M/8F,
74 ± 8.2 years old). Serum 25-hydroxy-vitamin D, C reactive protein
(CRP), and count of neutrophils and lymphocytes concentrations
were collected from COVID-19 Data Sharing/FAPESP, Hospital Sírio
Libanês, Brazil. Statistical analyses were performed using the Prism
Fig. 1. The 25-OH vitamin D3 and systemic inflammation markers in COVID-19 patients adm
C reactive protein. Data are expressed as mean ± standard deviation. p < 0.05 was conside
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version 5.0 and Student T and Pearson's correlation tests were
applied to verify any difference between the groups.

3. Results and discussion

As result, we found that the low vitamin D group had
15.5 ± 3.3 ng/mL of 25OH Vit D concentrations and normal vitamin
Dwhen>20 ng/mL had 35.9± 8.8 ng/mL (Fig.1A). Although there is
no difference between groups for blood CRP concentrations (low
Vit D: 4.5 ± 3.3 vs. normal Vit D: 4.2 ± 4.0 mg/dL, p¼ 0.45) (Fig. 1B),
we found higher neutrophil count and NLR values in the low Vit D
group when compared with the normal Vit D group (low Vit D:
6049.8 ± 3719.7 vs. normal Vit D: 3741.8 ± 1704.1 ng/mL, p ¼ 0.02)
and (low Vit D: 9.0 ± 8.6 vs. normal Vit D: 4.2 ± 4.0 ng/mL, p¼ 0.03),
respectively (Fig. 1C and E). However, there is no difference among
the groups for blood lymphocytes count (Fig. 1D). Additionally, no
correlation was found between the 25OH Vit D concentrations and
neutrophil values (r ¼ �0.31, p ¼ 0.11).

Additionally, the mortality rate was higher in the low Vit D
group (20%) when compared to normal Vit D group (17.6%). COVID-
19 patients had increased NLR which is accompanied with poorer
prognosis and increased mortality [8]. In addition, a large retro-
spective and observational identified that SARS-CoV-2 infection
positivity rate was higher in patients with <20 ng/mL 25(OH)D
concentrations than in patients with 25(OH)D higher or equal to
30 ng/mL [9]. Although, the paricalcitol infusion therapy, a vitamin
D analog has been recently FDA-approved to detain the COVID19-
induced cytokines [10], also is suggested supplementation with
vitamin D based on deficiency or insufficiency of this vitamin [11].
In addition, an adequate diet in vegetables and fruits ensure a
itted at ICU single hospital in Sao Paulo, Brazil. NLR: neutrophil-lymphocytes ratio, CRP:
red as significant statistically.
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ingestion of vitamin A, B, C and D and minerals which is imperative
to boost to immune system [12].

Vitamin D is linked to immune system regulation, gut micro-
biota and epithelial tight junctions' regulation. Moreover, hospi-
talized patients with SARS-CoV2 present gastrointestinal problems
which may be prevented by several nutritional strategies, including
the vitamin D [13].

The present study had some limitations. First, no data are
available in the Data Sharing/FAPESP, Brazil about respiratory in-
dicator and nutrition status, for e.g. body mass index, which would
be useful to provide the correlation between vitamin D and body
mass index, since vitamin D is stored in adipose tissue. Second, we
did not find the correlation among the 25OH Vit D concentrations
and neutrophil values, which did not allow to establish the rela-
tionship of causality, however, lack of correlationmay be due to low
sample size, and Third, the lack of data on sunlight exposure did not
allow generalize these data for other countries and therefore,
further studies arewarranted. Some strength is highlighted, such as
it is the first Brazilian study on vitamin D in COVID19 patients
which allow to create a strategy to use the vitamin D supplemen-
tation in these patients.

In conclusion, this data sharing-derived cases of COVID-19 in
patients admitted at ICU showed that patients infected by COVID-
19 had lower serum 25-hydroxy vitamin D and enhanced sys-
temic inflammation when assessed by NLR values. Therefore, our
data further strengthen the positive role of the vitamin D on im-
munity and suggests that 1000e2000 IU of vitamin D3 per daymay
be beneficial [6]. Additionally, a large scale randomized and well-
controlled trial is required to confirm that vitamin D3 is able to
blunt the viral infection and boost the immune system in COVID-19
pandemic.
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