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ARTICLE INFO ABSTRACT

Keywords: Objective: Currently, there are no definitive data on the relationship between low levels of vitamin D in the blood
Vitamin D and a more severe disease course, in terms of the need for hospital admission, intensive care unit (ICU) stay, and
COVID-19

. . mortality, in patients with coronavirus disease 2019 (COVID-19), the disease caused by severe acute respiratory

Hospital admission .

Intensive care unit (ICU) syndrome coronavirus 2 (SARS-CoV-2).

Mortality We aimed to study the association between levels of circulating 25-hydroxyvitamin D (25(0OH)D) and adverse
clinical outcomes linked to SARS-CoV-2 infection.
We further aimed to observe the incidence of low, below-average, and normal levels of 25(OH)D in patients
hospitalized for COVID-19 between March 12, 2020, and May 20, 2020, and assess whether these values differed
between these patients and a normal population. Finally, we determined whether the need for transfer to the
intensive care unit (ICU) and the mortality rate were related to low levels of 25(OH)D.
Study Design: Retrospective observational study.
Setting: Quironsalud Hospitals in Madrid, Spain.
Participants: We analyzed 1549 patients (mean age, 70 years; range, 21-104 years); 835 were male (53.9 %; mean
age, 73.02 years), and 714 were female (46.1 %; mean age, 68.05 years).
Subsequently, infected patients admitted to the ICU (n = 112) and those with a fatal outcome (n = 324) were
analyzed.
Procedures: Serum concentrations of 25(OH)D were measured by electrochemiluminescence.
Results: More hospitalized patients (66 %, n = 1017) had low baseline levels of 25(OH)D (<20 ng/mL) than
normal individuals (45 %) (p < 0.001).
An analysis by age group revealed that COVID-19 patients between the ages of 20 and 80 years old had
significantly lower vitamin D levels than those of the normal population (p < 0.001).
Patients admitted to the ICU tended to have lower levels of 25(0OH)D than other inpatients (p < 0.001); if we
stratified patients by 25(OH)D levels, we observed that the rate of ICU admission was higher among patients with
vitamin D deficiency (p < 0.001), indicating that higher vitamin D levels are associated with a lower risk of ICU
admission due to COVID-19.
ICU admission was related to sex (higher rates in men, p < 0.001) and age (p < 0.001). When using a logistic
regression model, we found that vitamin D levels continued to show a statistically significant relationship with
ICU admission rates, even when adjusting for sex and age. Therefore, the relationship found between vitamin D
levels and the risk of ICU admission was independent of patient age and sex in both groups. Deceased patients (n
= 324 tended to have lower levels of 25 (OH)D that normal population of the same age (p < 0.001).
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Conclusion: Vitamin D deficiency in patients with COVID-19 is correlated with an increased risk of hospital
admission and the need for critical care. We found no clear relationship between vitamin D levels and mortality.

1. Introduction

A new and highly contagious disease caused by a novel coronavirus,
known as coronavirus disease 2019 (COVID-19), has triggered an un-
precedented pandemic in our society since it first emerged in late 2019.
Given the great impact that this disease has on human health and the
economy, all types of interventions leading to an improvement in the
clinical state of patients and that reduce the risk of clinical exacerbation
and mortality should be considered.

Following the rickets epidemic of the 19th century caused by vitamin
D deficiency due to insufficient exposure to the sun, vitamin D insuffi-
ciency (i.e., deficiency and insufficiency) was once again considered to
be a globally recognized pandemic with severe consequences for human
health [1]. Prolonged vitamin D deficiency causes rickets in children and
osteomalacia in adults, while insufficient levels of vitamin D are an
important contributing factor in osteopenia and osteoporosis, loss of
bone mass, muscle weakness, falls, and fractures. In addition to these
classical effects, vitamin D deficiency has been associated with an
increased risk of developing chronic and degenerative diseases including
certain types of cancer, autoimmune disorders, infectious diseases,
arterial hypertension, and cardiovascular disease, among others [1].

The discovery of vitamin D receptors (VDRs) together with the
presence of the enzyme 1-alpha-hydroxylase not only in the kidneys but
throughout the body, has contradicted previous ideas that the effects of
vitamin D were limited to the bones and muscles.

Currently, there is no definitive evidence linking low circulating
vitamin D levels and a severe clinical course in COVID-19, the disease
caused by severe acute respiratory syndrome coronavirus (SARS-CoV-2)
infection, in terms of both overall hospitalization and intensive care unit
(ICU) admissions as well as fatal outcomes in these patients, despite
robust data implicating vitamin D in infectious diseases and immune
processes [2,3].

1.1. Vitamin D activity as an immunomodulator and in prevention of
infection

Vitamin D can reduce the risk of infection by acting as a physical
barrier or by improving the innate immunity of cells. The cells that make
up the immune system (i.e., macrophages, monocytes, dendritic cells, T
and B cells) have VDRs and enzymes that enable them to synthesize
1,25-dihydroxyvitamin D (1,25D) [4-6].

Innate immunity is enhanced through the production of antimicro-
bial peptides such as cathelicidin and beta-defensin 2. These antimi-
crobial peptides are generated by vitamin D. Here, it is worth noting that
cathelicidin works against bacteria, viruses, fungi, and Koch bacilli via
membrane disruption. Additionally, cathelicidin contributes to the
suppression of the cytokine storm that occurs with infections, such as
SARS-CoV-2, by inhibiting the production of T helper cell type 1 (Th1)
cytokines such as interferon-y and tumor necrosis factor-o (TNF-a) [7].

Numerous studies have shown that people with chronic illnesses
have lower levels of 25-hydroxyvitamin D (25(OH)D) than healthy
subjects. Vitamin D status has been associated with viral infections such
as dengue fever, hepatitis, herpes virus, HIV, influenza, respiratory
syncytial virus, and rotavirus and with upper respiratory tract in-
fections, enteric infections, urinary tract infections, pneumonia, otitis
media, vaginosis, and sepsis.

1.2. Vitamin D and viral respiratory infections

1.2.1. Flu (seasonal influenza)

It has been reported that one-third of patients hospitalized with
confirmed influenza develop pneumonia, particularly children and
elderly individuals. It has been argued that the increased incidence of
influenza infection in the winter months may be related to decreases in
sun exposure and vitamin D levels coupled with the longer survival of
the virus at low temperatures.

VDRs are mostly distributed among respiratory epithelial cells and
immune cells (i.e., B cells, T cells, macrophages, monocytes). 25(OH)D,
the major circulating form of vitamin D, can be converted to its active
form (1,25-dihydroxyvitamin D) within the bronchial epithelium and in
immune cells. Serum levels of 25(OH)D must be above a certain
threshold to increase levels of 1,25-dihydroxyvitamin D and improve the
immune response to viral respiratory infections [8].

The Grassroots Health Study is a survey-based initiative that studied
12,605 participants for the presence or absence of influenza-like syn-
drome in the first 6 months of life as well as the vitamin D levels of the
participants. Participants with 25(OH)D levels of at least 60 ng/mL had
a 43 % lower risk of contracting an influenza-like disease than those
with levels below 20 ng/mL (p < 0.0001) [9].

1.2.2. Coronavirus (CoV) infection

Influenza and coronaviruses (CoVs) primarily cause infections in the
winter months; these illnesses may be severe and lead to death by
pneumonia. Regarding the current pandemic, it has been hypothesized
that areas populated by individuals with low average 25(OH)D levels
may have higher rates of incidence and mortality [10].

One of the ways in which CoVs disrupt the pulmonary epithelium is
by producing Thl cytokines as part of the innate immune response to
viral infection. Similarly, it has been reported that interferon-y is
responsible for acute lung injury in late-stage SARS-CoV infection [11]
and that the so-called cytokine storm causes complications in these viral
infections, although it has also been described that COVID-19 is asso-
ciated with an increase in Th2 cytokines (IL-4 and IL-10) [12].

Our aim in performing this study was to determine whether low
circulating vitamin D levels, compared to the normal vitamin D levels,
facilitate disease transmission and influence the disease course, possibly
leading to an increase in ICU admissions and fatal outcomes.

2. Methods

The study was conducted according to the Declaration of Helsinki
and with the approval of the Ethics Research Committee of Fundacion
Jiménez Diaz (EO154-20-FJD) and II FJD (Instituto Investigacion
Fundacién Jiménez Diaz).

2.1. Study design and participants

During the study period (March 12, 2020 to May 20, 2020), a sample
of patients admitted to one of the Quironsalud Hospitals in the region of
Madrid (Fundacién Jiménez Diaz, Hospital General de Villalba, Quir-
onsalud Madrid, Hospital Universitario Infanta Elena and Hospital Rey
Juan Carlos) were enrolled, and their 25(OH)D levels were measured at
the time of admission. All patients were diagnosed with SARS-CoV-2
infection detected by polymerase chain reaction (PCR) or RT-PCR
(Viasurer®, SARS-CoV-2, Real Time PCR Detection Kit).
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Prior treatments and associated diseases were not evaluated in the
patients studied. We analyzed 1549 patients (mean age, 70 years; range,
21-104 years); of these, 835 were male (53.9 %; mean age, 73.02 years),
and 714 were female (46.1 %; mean age, 68.05 years).

Subsequently, patients admitted to the ICU (n = 112, mean age:) and
infected patients with a fatal outcome (n = 324) were analyzed.

2.2. Laboratory analysis

25(OH)D levels were measured by an electrochemiluminescence
immunoassay (Elecsys, Roche). The intra-assay variability of the
measured serum level of 25(OH) was < 8.9 %, and the inter-assay
variability was < 10.8 %.

2.3. Statistical analysis

The values found for our patients were compared to those of the
overall Spanish population [12-15]. Vitamin D levels and age groups
were compared using the chi-squared test. In our cohort of patients with
COVID-19, comparisons of vitamin D level, age and sex between patients
admitted to the ICU and those that were not admitted were made. A
Student’s t-test was used to compare age and vitamin D levels, and the
chi-squared test was used to compare sex and ranges of vitamin D levels.
A multiple logistic regression model was adjusted with vitamin D, age
and sex as the predictors and admission to the ICU as a response.

We used Student’s t-tests to compare mean values for each group. P
value<0.01 indicated statistical significance.

Comparisons of vitamin D levels between patients admitted to the
ICU and those not requiring ICU admission were performed on mean
values + standard deviation with Student’s t-tests and by comparing
means and interquartile ranges with the Mann-Whitney U test.

The chi-squared test was used to compare differences between values
for normal patients and patients with deficient levels of 25(0U)D (<20
ng/mL).

We used a multivariate logistic regression model, with ICU admission
as the dependent variable (admitted vs. not admitted), while the inde-
pendent variables were vitamin D level, sex, and patient age.

Vitamin D levels were also compared between surviving patients and
those with fatal outcomes. The mean age of the living patients were 67
years, and 82 years the mean age of the deceased patients.

Vitamin D levels were compared between deceased patients and the
normal population of the same age. Comparisons were performed of
mean values + standard deviation with Student’s t-test and by
comparing means and interquartile ranges with the Mann-Whitney U
test.

Comparisons of the mortality rates based on vitamin D levels was
performed using Student’s t-test and the Mann-Whitney U test.

3. Results
3.1. Vitamin D levels of admitted patients

Table 1 shows the vitamin D levels of non-COVID-19 patients (1811),

Table 1
Patient frequencies for each range of vitamin D levels in COVID-19 patients
compared with the normal population.
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[13] compared with the vitamin D levels of admitted COVID-19 patients
(1549).

The frequency of low levels of vitamin D (< 20 ng/mL) is higher in
COVID-19-admitted patients than in a group of 1811 people from a non-
COVID-19 population [13].

We also performed an analysis of vitamin D levels by age group
(Table 2), compared with a group of 465 non-COVID-19 normal in-
dividuals [14,15].

The prevalence of 25(OH) vitamin D levels lower than 10 ng/mL in
hospitalized patients without ICU admission was 25.1 %, and it was 32.9
% in ICU patients.

All the groups of COVID-19 patients between the ages of 20 and 80
years old had significantly lower vitamin D levels than those of the
normal population [14,15] (p < 0.001).

3.2. Association between vitamin D levels and ICU admission

We performed a comparison of mean values of vitamin D levels +/-
standard deviation between the ICU admission and non-ICU admission
patients with Student’s t-test and by comparing means and interquartile
ranges with the Mann-Whitney U test (Table 3).

We also used a multivariate logistic regression model, using ICU
admission as the dependent variable (admitted vs. not admitted) and
vitamin D level, sex, and patient age as the independent variables
(Table 4).

Both analyses revealed differences in vitamin D levels between pa-
tients who were admitted to the ICU and those who were not. Specif-
ically, patients requiring ICU admission tended to have lower levels of
circulating vitamin D.

We also evaluated ICU admissions according to different ranges of
vitamin D levels, sex, and age. Number counts and percentages are
provided for patients with and without ICU admission. These fre-
quencies were compared using the chi-squared test (Tables 5 and 6).

These results suggest that higher vitamin D levels are associated with
a lower risk of ICU admission. We believe it is of interest to determine
whether these groups (ICU admission vs. no ICU admission) showed
differences in characteristics such as age and sex. We then compared
patients not admitted to the ICU and those who did require intensive
care in terms of their sex and age. We observed that patients requiring
ICU admission showed differences in sex and average age when
compared to those not requiring ICU admission.

Given that patient age and sex are associated with a higher or lower
likelihood of ICU admission, it may be worthwhile to perform a com-
parison of vitamin D levels adjusting for these variables. To do this, we
used a multivariate logistic regression model. Under this model, the
dependent variable was ICU admission status (admitted vs. not
admitted), while the independent variables were vitamin D, sex, and
patient age (Table 7).

This table shows the results of this analysis, including the odds ratio
(OR), 95 % confidence interval (95 % CI), and p value, revealing sta-
tistically significant results for the variables sex and age. Therefore, the
relationship found between vitamin D levels and the risk of ICU
admission was independent of patient age and sex in both groups. The

Table 2
Comparison of mean vitamin D levels by age group in COVID-19 patients
compared with non-COVID-19 patients.

Vitamin D Non-COVID-19 (n = 1811) COVID-19 (n = 1549) P Age group Non-COVID-19 (N = 465) COVID-19 (n = 1549) P

<20 ng/mL 815 (45 %) 1017 (66 %) <0.001 20-59 (n=281)19.2+2.0 (n =398)15.8 +£9.2 <0.001
20—-30 ng/mL 688 (38 %) 318 (20 %) <0.001 60—-70 (n=31)27.2+20 (n =347)17.3 £ 10.6 <0.001
>30 ng/mL 308 (17 %) 214 (14 %) <0.001 >70 (n=353)22.7 £ 10 (n =804) 19.5 + 13.2 <0.001

The prevalence of 25(OH) vitamin D values lower than 10 ng/mL in the group of
all hospitalized patients was 27.8 %.

Results are expressed as the mean+/- standard deviation.
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Table 3
Comparison of vitamin D levels between patients admitted to the ICU and those
not requiring ICU admission.

N° ICU (No ICU) (n = 1437) ICU (n = 112) p

18.4 £12.1 142+ 7.4 <0.001

15.8 (14.7) 12.9 (7.8) 0.002
Table 4

Comparison of vitamin D levels between patients admitted to the ICU and those
not requiring ICU admission, adjusting by age and sex.

Non-ICU (n = 1437) ICU(n=112) P

14.9 (14.4,15.4) 12.7 (11.2, 14.4) 0.003

Table 5
Vitamin D ranges, sex, age, and ICU Admission.
Vitamin D No ICU admission (n = ICU admission (n = p
ranges 1437) 112)
<20 ng/mL 926 (64 %) 91 (81 %) <0.001
20—-30 ng/mL 300 (21 %) 18 (16 %)
>30 ng/mL 211 (15 %) 3 (3%)
Male 760 (53 %) 75 (67 %) 0.005
Age 71.2 £16.2 59.1 £10.7 <0.001
Table 6
ICU admission according to vitamin D range adjusted by age and sex.
Variable OR (95 % CI) p
Vitamin D range
<20 ng/mL Reference
20—-30 ng/mL 0.75 (0.42, 1.25) 0.282
>30 ng/mL 0.24 (0.06, 0.65) 0.016
Age 0.96 (0.95, 0.97) <0.001
Female 0.70 (0.46, 1.06) 0.099
Table 7

Multivariate logistic regression model (ICU admission status vs vitamin D levels,
sex and age).

Variable OR (95 % CI) p

Vitamin D 0.97 (0.94, 0.99) 0.007

Female 0.70 (0.46, 1.06) 0.097

Age 0.96 (0.95, 0.97) <0.001
Table 8

Comparison of vitamin D levels in deceased patients with the normal population
over 70.

Normal population over 70 (n = Deceased due to COVID-19 (n = P-value
336) 324)
23.4 +£10.0 19.2 +£13.8 <0.001
Table 9
Comparison of vitamin D levels between living and deceased patients.
Values for 25(OH)D: Living (n = 1225) Deceased (n = 324) P
Student t -test 17.8 £11.3 19.2 £13.8 0.091
Mann-Whitney U test 15.0 (13.2) 16.2 (19.2) 0.063
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OR is less than 1, indicating that higher vitamin D values are associated
with a lower risk of ICU admission.

3.3. Association between vitamin D levels and mortality

The mean age of the living patients was 67 years, and the mean age of
the deceased patients was 82 years. Vitamin D levels were compared
between deceased patients and the normal population of the same age
(Table 8).

Compared with normal population of the same age, deceased pa-
tients have a significant low level of vitamin D (p < 0.001).

Vitamin D levels were also compared between surviving patients and
those with fatal outcomes, as shown in Table 9. Comparisons were
performed of mean values + standard deviation with Student’s t-test and
by comparing means and interquartile ranges with the Mann-Whitney U
test. Table 10 shows the values adjusted for age and sex.

Neither of the two tests revealed differences in vitamin D levels be-
tween those who survived the disease and those who did not, even when
the data were adjusted by age and sex. This suggests that these variables
are unrelated, or at least that there is no clear relation between vitamin
D level and mortality.

Similarly, a chi-squared test revealed no statistically significant dif-
ferences in mortality rates between groups based on levels of circulating
vitamin D.

4. Discussion

Some retrospective studies [3] have shown a correlation between
vitamin D levels and COVID-19 positivity, as well as the clinical course
of the disease, although others have failed to find such a correlation.
Despite reports concluding that low vitamin D levels facilitate
SARS-CoV-2 infection with a more severe disease course, these findings
are based on studies with small sample sizes, and there are certain in-
consistencies between them [3]. However, there is insufficient evidence
on vitamin D levels and COVID-19 severity and mortality, thus sug-
gesting the need for further research involving larger cohorts to test this
hypothesis [10].

Iddir et al. [16] stated that the relationship between low vitamin D
levels and the development of the disease is not clear, and they rec-
ommended performing a case control study to observe the frequency of
vitamin D deficiency among patients with poor COVID-19 outcomes.
They did not endorse the use of vitamin D for the treatment or pre-
vention of COVID-19 infections but instead stressed the need for more
robust research that can address the early correlations noted above.

Three recent meta-analyses enrich this information. Pereira et al.
[17] published the first systematic review that reports the relationship
between vitamin D levels and COVID-19 severity. This review also has
its limitations. They identified that the results of the studies included in
their review were not stratified according to the sex of the participants.
Moreover, the studies showed various methodological divergences that
prevented exploration of the heterogeneity of the meta-analyses and
prevented subgroup analyses due to confounding variables. Further-
more, most of the studies chosen presented a high risk of bias. This is
because the studies were conducted using hospital-based samples, and
the data in these studies were taken from secondary recordings in pa-
tient records. It should also be considered that confounding factors, such
as age, sex, and the presence of comorbidities, were not used in most of
the studies. Such variables are determinants of COVID-19 severity. Thus,
it is necessary to consider these aspects in future studies on this topic.

Petrelli et al. [18] found that among subjects with deficient vitamin
D values, the risk of COVID-19 infection was higher than that among
those with replete values (OR = 1.26; 95 % CI, 1.19-1.34; P < .01).
Vitamin D deficiency was also associated with worse severity and higher
mortality than replete values (OR = 2.6; 95 % CI, 1.84-3.67; P < .01 and
OR = 1.22; 95 % CI, 1.04-1.43; P < .01, respectively), even though they
did not compare the data among people with worse severity and people
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Table 10
Comparison of vitamin D levels between living and deceased patients adjusted
by age and sex.

Living (n = 1225) Deceased (n = 324) P

14.9 (14.3,15.4) 14.1 (13.1,15.3) 0.613

who died. Reduced vitamin D values resulted in a higher infection risk,
mortality and severity of COVID-19 infection. Vitamin D supplementa-
tion may be considered a preventive and therapeutic measure.

Aya Bassatne et al. [19] showed that while the currently available
evidence, largely from poor-quality observational studies, may indicate
a trend for an association between low serum 25(OH)D levels and
COVID-19-related health outcomes, this relationship was not found to be
statistically significant, and it was concluded that none of the outcomes
evaluated in this systematic review revealed clear and strong evidence
for a cause/effect relationship of vitamin D status and COVID-19
health-related outcomes. Clear evidence-based recommendations on
vitamin D supplementation and timing and dosing regimens can only be
determined based on results from several ongoing randomized
controlled trials examining the effects of vitamin D on COVID-19-related
health outcomes.

Recently, a large review of the relationship between low levels of
vitamin D and COVID-19 published in November 2020 [20] found
inconsistent results in several studies. At that time, the impact of vitamin
D deficiency on the occurrence of COVID-19 and the severity of the
disease was not clearly defined, probably because the number of patients
included in the review (20 patients, 107 patients, 49 patients, 449 pa-
tients) was small. Studies investigating vitamin D and COVID-19 are
currently underway and more are likely to follow in the future.

J Elliot et al. reviewed COVID-19 mortality in the UK Biobank cohort
[21]. Using the community-based UK Biobank cohort, they examined
risk factors for COVID-19 mortality in comparison with non-COVID-19
mortality. They investigated demographic, social (education, income,
housing, employment), lifestyle (smoking, drinking, body mass index),
biological (lipids, cystatin C, vitamin D), medical (comorbidities, med-
ications) and environmental (air pollution) data from the UK Biobank (N
=473,550) in relation to 459 COVID-19 and 2626 non-COVID-19 deaths
prior to 21 September 2020.

In multivariable regression, alongside demographic covariates, fac-
tors including being a healthcare worker or current smoker, using oral
steroids, or having cardiovascular disease, hypertension, diabetes, or an
autoimmune disease at enrollment were independently associated with
COVID-19 mortality. Penalized regression models selected income,
cardiovascular disease, hypertension, diabetes, cystatin C, and oral
steroid use as jointly contributing to the COVID-19 mortality risk; black
ethnicity, hypertension and oral steroid use contributed to the COVID-
19 but not non-COVID-19 mortality. Age, male sex and black
ethnicity, as well as comorbidities and oral steroid use at enrollment,
were associated with an increased risk of COVID-19 death.

These results suggest that previously reported associations of COVID-
19 mortality with low vitamin D, body mass index, air pollutants, and
renin-angiotensin-aldosterone system inhibitors may be explained by
the aforementioned factors.

A total of 1547 hospitalized patients were included in this study, and
this large number helped us to assume more consistency in our results.
We found that low 25(OH)D levels were associated with more severe
disease, possibly requiring hospital admission, including some cases that
required admission to the ICU. The 25(OH)D values of patients with
COVID-19 were lower than those corresponding to the normal
population.

We also found that deceased patients were more likely to have low 25
(OH) levels compared with the normal population of the same age.
However, we failed to find a higher rate of mortality among patients
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with low levels of vitamin D compared with the rest of the patients
admitted to the hospital with COVID-19. The fact that this study did not
gather data on drug intake, including vitamin D supplements, or the
comorbidities presented by these patients impeded us from further
defining this parameter.

Several strategies for the treatment of COVID-19 have been intro-
duced in recent months, some of which have a scientific basis and others
even with empirical evidence in support of their effectiveness. These
strategies call for the use of antiretroviral drugs, corticosteroids, and
immunomodulators, among others.

Despite their low evidence levels, certain clinical studies [22,23]
have reported findings in support of the benefits of vitamin D treatment
in the general population and/or for patients exposed to SARS-CoV-2.

Some authors suggest maintaining 25(OH)D levels of at least 30 ng/
mL or even 40-50 ng/ml or, alternatively, maintaining levels within the
range of 40-70 ng/ml to minimize the risk of infection [24]. For the
present pandemic, Grant [9] suggests a vitamin D dose of 10,000 pL/d
administered over 1 month to rapidly raise vitamin D levels to the range
of 40-60 ng/ml, continuing with 5,000 pL/d in subsequent months. Any
dosage capable of raising 25(0OH)D to these levels (e.g., daily, weekly)
may be sufficient.

Despite the small sample sizes used, other studies have found that
treatment consisting of ultrahigh doses of calcifediol improves the
prognosis of patients with this disease. A previous study compared two
groups of patients with COVID-19, the first group comprising 26 patients
who did not receive vitamin D supplements. Fifty percent of these pa-
tients required ICU admission, while another 50 patients were treated
with ultrahigh doses of calcidiol. Only 1 patient required urgent ICU
admission (p < 0.001). Two patients in the first group died, and all
patients in the second group survived [25].

There is a need for clinical trials in larger, appropriately compared
samples to provide evidence of a definitive response to vitamin D
supplementation.

5. Conclusions

Our findings support the position that vitamin D deficiency in pa-
tients with COVID-19 is correlated with an increased risk of hospital
admission and the need for critical care, although vitamin D levels do
not influence the rate of mortality. Further clinical research is required
to expand the evidence base and include an analysis of comorbidities.
Clinical trials performed to test these findings should be case-controlled
and properly compared to test the relevance of vitamin D levels as a risk
factor for infected patients and the application of vitamin D in therapy
[20,24].
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