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Abstract
Introduction

Serum vitamin D deficiency is thought to be associated with worse clinical outcomes in
COVID-19 patients.

Methods

This single-centre observational study evaluated the association between serum vitamin
D levels and negative outcomes in hospitalized COVID-19 patients in Ukraine. We
included hospitalized patients with COVID-19 confirmed by PCR and serum vitamin D
measurement on admission. Patients were divided into two groups based on their serum
vitamin D level: with adequate vitamin D (> 30 ng/ml) and with low vitamin D (<30 ng/
ml). Outcomes such as death and the need for respiratory support were recorded.

Results

A total of 70 patients were included. The gender; severity of COVID-19; comorbidities
such as hypertension, diabetes mellitus type 2, obesity; type of respiratory support, and
the length of hospital stay did not differ in both groups. Patients with low serum vitamin
D levels have higher C-reactive protein levels 26.14 mg/L [Q1, Q3: 16.61, 57.79] compared
to another group 13.43 mg/L [Q1, Q3: 8.84, 27.58]. Low vitamin D level was associated
with an increased risk of respiratory support need OR [Odds ratio] 2.925 [95% CI, 1.0839
to 7.8931]. However, after adjustment for age, gender, and common comorbidities, it did
not remain significant. Vitamin D serum levels did not significantly differ in patients who
died during hospitalization compared to those who survived.

Conclusion

The role of vitamin D as a sole predictor of mortality and respiratory support appears to
be overestimated. Low vitamin D levels may have a greater impact on COVID-19
outcomes in hospitalized elderly patients with comorbidities.

In clinical practice, the level of vitamin D is usually as-
sessed by determining the concentration of 25-hydroxyvit-
amin D since it is characterized by a long half-life and ex-
presses the rate of accumulation of both endogenous and

INTRODUCTION

The influence of vitamin deficiency on the clinical course
and outcomes of acute and chronic internal diseases re-

mains debatable. While knowledge gaps and controversy
exist regarding the potential extra-skeletal effects of vita-
min D, there is a broad consensus that the high worldwide
prevalence of vitamin D deficiency is of concern and re-
quires actions to improve this situation.! Vitamin D recep-
tors regulate the expression of numerous genes involved in
calcium/phosphate homeostasis, cellular proliferation and
differentiation, and immune response, and more than 50
targets have been identified involving a broad realm of vit-
amin D functions.?

exogenous levels of vitamin D. Vitamin D deficiency is de-
fined as a serum 25-hydroxyvitamin D (25(OH)D) level of
<50 nmol/L (<20 ng/mL). In contrast, vitamin D insuffi-
ciency is regarded as a 25(OH)D level between 52-72 nmol/L
(21-29 ng /mL).3 Vitamin D deficiency may be an under-
diagnosed medical condition for years because patients do
not typically present with overt clinical signs and symp-
toms.

At the onset of the pandemic, several studies have re-
ported that serum vitamin D deficiency is associated with
an increased risk of worse clinical outcomes of COVID-19
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73 Assessed for eligibility

3 excluded
1 - length of hospital stay <24 hours
1 —initial admission in another hospital with
current diagnosis
1 — transportation to a highly specialized
department for acute stroke treatment

70 enrolled

Figure 1. Primary screening and assessment of the participants.

and in-hospital death.%> A meta-analysis of eleven cohort
studies with 536,105 patients and two randomized clinical
trials (RCTs) found that Vitamin D deficiency (< 20 ng/ml)
or insufficiency (< 30 ng/ml) was not associated with a sig-
nificantly increased risk of COVID-19 infection or in-hos-
pital death. The overall quality of evidence (GRADE) for
COVID-19 infection and associated death was very low.6
Therefore, the impact of vitamin D on COVID-19 clinical
outcomes remains controversial. Prescription of vitamin D
supplements in Ukraine, especially at the beginning of the
outbreak, was an often-used treatment approach. However,
no relevant peer-reviewed published evidence was identi-
fied regarding the association between vitamin D levels and
the severity of symptoms or mortality due to COVID-19 in
Ukraine.

MATERIALS AND METHODS

This was a single-centred observational cohort study. In-
clusion criteria included patients aged > 18 years who were
admitted to the hospital with PCR-confirmed COVID-19
and availability of laboratory data (C-reactive protein
(CRP), serum 25(0OH)D, ferritin). The exclusion criteria were
pregnancy, breastfeeding, initial admission to another hos-
pital with the diagnosis of COVID-19, length of hospital
stay <24 hours, and transfer to another department/hospi-
tal. Seventy-three patients admitted and discharged in 2021
in a specialized department of a private medical centre in
Kyiv, Ukraine, due to acute COVID-19 were assessed for eli-
gibility. After a primary assessment, three patients were ex-
cluded due to length of hospital stay <24 hours, initial ad-
mission in another hospital with a current diagnosis, and
transportation to a highly specialized department for acute
stroke treatment (see Figure 1).

Demographic and laboratory data (including C-reactive
protein (CRP), serum 25(OH)D, ferritin), as well as com-
puted tomography (CT-scan) of the chest, were available
from patient electronic records. Blood samples for labora-
tory tests mentioned above were obtained from all patients
at the time of their hospital admission as part of routine
blood collection. Serum CRP, ferritin, and 25(OH)D levels
were measured by chemiluminescent immunoassay. Diag-
nosis of SARS-CoV-2 infection was confirmed by a reverse

transcription polymerase chain reaction test on a nasopha-
ryngeal swab.

Clinical data, which we used for analysis, included the
presence of comorbidities and their nosology; the need for
respiratory support; and the severity of COVID-19, defined
as mild, moderate, severe, and critical according to World
Health Organization criteria. These criteria are based on
symptoms at the admission (such as fever, cough, dysp-
noea, etc.), respiratory rate, SpO2 measured by a pulse
oximeter, signs of lung involvement on CT-scan, the partial
pressure of oxygen in the arterial blood (PaO2), and PaO2/
FiO2 ratio.”

In-hospital mortality cases were also recorded. Patients
included in this study received standardized treatment ac-
cording to the national protocol for COVID-19 manage-
ment.® All patients and/or their representatives provided
informed consent. The data were properly anonymized for
analysis, and informed consent was obtained at the time of
the original data collection. It was a retrospective analysis,
and no interventions were performed. In such cases, ethical
review is not required in Ukraine.

STATISTICAL ANALYSIS

We expressed continuous variables as mean values * stan-
dard deviations or median values with 25th and 75th quar-
tiles (Q1 and Q3), depending on whether they followed a
normal distribution. Categorical variables were presented
as the number of cases and percentages. To find differences
between continuous data, we used an independent samples
t-test. If data did not follow a normal distribution, the
Mann-Whitney U test was used for independent samples.
We used the Pearson correlation coefficient and performed
log transformation for non-normally distributed data to as-
sess the correlation between continuous variables. We used
the chi-square test to compare categorical data. Binary lo-
gistic regression analysis was conducted to measure crude
and adjusted odds ratios (OR). Patients were grouped into
two categories based on serum 25(0OH)D levels: patients
with low vitamin D levels (25(0OH)D <30 ng/ml) and pa-
tients with adequate vitamin D levels (25(OH)D > 30 ng/ml).
The Endocrine Society defines serum 25(OH)D levels <20
ng/ml as deficiency and 21-29 ng/ml as insufficiency.” Par-
ticipants requiring conventional oxygen therapy (i.e., nasal
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cannula or face mask oxygen), continuous positive airway
pressure (CPAP), non-invasive ventilation (NIV), or inva-
sive mechanical ventilation (IMV) were considered as pa-
tients with respiratory support needs. No patient required
Extra Corporeal Membrane Oxygenation (ECMO).

Simple and multivariate binary logistic regression mod-
els were considered to identify variables associated with
outcomes (mortality, respiratory support need). We pre-
sented associations between risk factors and outcomes as
odds ratios (OR) with 95% confidence intervals (CI). We
considered p-values < 0.05 to be statistically significant.
Data were analyzed using MedCalc® Statistical Software
version 20.215.10

RESULTS

We included 70 participants for data analysis (three were
excluded due to length of hospital stay <24 hours, initial
admission in another hospital with current diagnosis and
transportation to high specialized department for acute
stroke treatment). The median age was 62 years [Q1, Q3:
58; 66.67], with 57.14% female patients. The median follow-
up time was eight (5-12) days; six patients (8.57%) died
during the study period. Table 1 summarizes participants’
main demographic and clinical characteristics according to
serum vitamin D status.

The mean age differs significantly between the group
with low vitamin D level (66.48 * 11.87) and the group
with adequate vitamin D level (52.12 = 14.26,p< 0.0001),
but it could be explained by a negative association between
vitamin D level and age (Pearson correlation, log-trans-
formed data: r= -0.3770 p=0.0013). The level of CRP differs
in the group with 25(0OH)D <30 ng/ml [median 26.14, Q1,
Q3:16.61; 57.79] and in the group with 25(OH)D levels >30
ng/ml [median 13.43, Q1, Q3: 8.84; 27.58], p= 0.044. Fig-
ure 2 shows the difference in inflammatory marker CRP be-
tween patients with 25(0OH)D levels <30 ng/ml and those
with 25(OH)D levels >30 ng/ml.

Meanwhile, patients with comorbidities had lower serum
vitamin D levels (27.1 = 11.66) than patients without co-
morbid diseases (34.32 + 11.99), p=0.0177.

Results suggested that inadequate vitamin 25(OH)D was
associated with an increased risk of respiratory support
need (OR 2.925; 95% CI 1.0839 to 7.8931). However, after
adjustment for age, gender (Model 1) and for age, gender,
and comorbidities (Model 2) OR was lower than crude OR
and not statistically significant. Table 2 includes a brief
summary of predictors of respiratory support therapy need
using binary logistic regression analysis.

The length of stay did not differ between the group with
low vitamin D levels [median 9, Q1, Q3: 6, 14] and with
adequate vitamin D levels [median 7, Q1, Q3: 4, 11.5], p=
0.0695.

Vitamin D serum levels did not significantly differ in pa-
tients who died during hospitalization compared to those
who survived. Using binary logistic regression analysis, we
found that vitamin D status did not predict mortality (OR
3.65; 95% CI 0.40 to 33.05).

DISCUSSION

The results of this study indicate a significant difference in
mean age between the group with low vitamin D levels and
the group with adequate vitamin D levels. However, this
difference can be explained by the negative correlation be-
tween vitamin D levels and age. This finding is consistent
with previous research suggesting that vitamin D levels
tend to decline with age.11,12

CRP has been recognized as an important factor to con-
sider in patients with COVID-19. Elevated CRP levels are a
common laboratory finding in patients with COVID-19 and
have been associated with disease severity and poor clin-
ical outcomes, including higher mortality rates.!3 There-
fore, our finding that patients with low vitamin D levels
have higher levels of CRP may have diagnostic and prog-
nostic value in the management of COVID-19. Further-
more, the link between low vitamin D levels and elevated
CRP levels may suggest potential therapeutic targets for the
treatment of COVID-19. Other studies have yielded similar
results. The investigation carried out by Italian scientists
explored the potential connection between vitamin D lev-
els and the inflammatory response in COVID-19 patients.
Their study focused on 93 individuals with COVID-19-in-
duced pneumonia showing that patients with low levels of
vitamin D (defined as 25(OH)D < 20 ng/ml) had significantly
higher CRP levels than those with 25(0OH)D > 20 ng/m].14 In
another study by Demir et al. conducted in Turkey among
COVID-19-positive patients, the group with vitamin D lev-
els of >30 ng/ml had significantly lower CRP levels than
other groups where vitamin D level was less than 30 ng/ml
(mean 0.39%0.16 in group IV with 25(OH)D > 30 ng/ml vs
mean 10.99+4.10 in group III with 25(OH)D 20-30 ng/ml
vs mean 20.14 £ 4.55 in group II with 25(OH)D 10-20 ng/ml
vs mean 22.49 = 2.88 in group II with 25(OH)D less than 10
ng/ml).15

We found that inadequate vitamin 25(OH)D was asso-
ciated with an increased risk of respiratory support need
(OR 2.925; 95% CI 1.0839 to 7.8931). However, after adjust-
ment for age, sex, and comorbidities, we could not con-
firm this association. Some studies also researched possible
links between the need for respiratory support and vitamin
D level. Similarly to our study, Adami et al. also did not
find a difference in the types of respiratory support needed
(oxygen therapy delivered by nasal cannula, masks, non-in-
vasive and invasive mechanical ventilation) in hospitalized
COVID-19 patients with vitamin D deficiency vs. patients
with serum 25(0OH)D >20 ng/ml. However, they concluded
that patients with hypoxemia (defined as pO2 <60 mmHg)
had significantly lower levels of serum vitamin D level com-
pared to patients with pO2 >60 mmHg (13.3 ng/mL vs 20.4
ng/mL respectively, p=0.03).16

The association between vitamin D levels and the length
of stay in the hospital remains debatable. We did not find a
difference in hospital stay duration between the group with
low vitamin D levels and the group with adequate vitamin
D levels. The same result was reported by Adami et al.1¢

Reis et al. mentioned in their study that in patients
hospitalized with moderate-to-severe COVID-19, individu-
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Table 1. Main demographic characteristics, laboratory test results and clinical characteristics of participants

according to serum vitamin D status.

All patients N=42 N=28 p
(N=70)
25(0OH)D <30 ng/ml 25(0OH)D 2 30 ng/ml

Demographic characteristics
Age 62 66.48 +£11.87 52.12+14.26 p < 0.0001
(Median, Q1,Q3 for all patients, mean + (58;66.67)
SD for two groups)
Gender, n (%)
Male 30 (42.86) 17 (40.48) 13(46.43) p=0.6245
Female 40(57.14) 25(59.52) 15(53.57)
Laboratory test results
CRP mg/L 22.11 26.14 13.43 p =0.0440
(Median, Q1, Q3) (9.62; 50.98) (16.61;57.79) (8.84;27.58)
Ferritin ng/mL 455.5 489.5 367.5 p=0.9427
(Median Q1,Q3) (218;737) (193;723) (229;803)
250HD levels (ng/ml) 29.3 20.8 42.45 p < 0.0001
(Median Q1, Q3) (19.5; 39.6) (16.7;28.5) (37.55;47)
Clinical characteristics
Comorbidity, n (%)
yes 46(65.7) 33(78.57) 13(46.43) p=0.0059
no 24 (34.3) 9(21.43) 15(53.57)
Major comorbidities, n (some patients have multiple comorbid illnesses)
Hypertension 32 20 12 p=0.6973
CVD 21 19 2 p =0.0007
Diabetes mellitus type 2 7 3 p=0.8717
Obesity 7 4 3 p=0.8717
Respiratory support need, n (%)
No 34 (48.57) 16(38.1) 18 (64.29) p=0.0330
Yes 36(51.43) 26(61.9) 10(35.71)
Type of respiratory support, n
Nasal cannula, face mask, NIV, CPAP 29 20 9 p=0.3813
IMV 7 6 1
Severity of COVID-19, n (%)
Mild 2(3) 0(0) 2(7) p=0.1901
Moderate 30 (43) 18(43) 12(43)
Severe 28 (40) 16(38) 12(43)
Critical 10(14) 8(19) 2(7)

CRP - C-reactive protein, 25(OH)D - 25-hydroxyvitamin D, CVD - cardiovascular diseases, NIV - non-invasive ventilation, CPAP - continuous positive airway pressure, IMV - invasive

mechanical ventilation

als with severe 25(0OH)D deficiency (<10 ng/mL) showed a
tendency towards an extended duration of hospitalization
when compared to patients with higher 25(OH)D concen-
trations. However, this relationship was not significant in
the multivariate Cox regression model.1”

We consider that in Ukraine, elderly patients with co-
morbidities and low serum vitamin D levels (25(OH)D <30
ng/ml) hospitalized due to COVID-19 should receive in-

creased attention, as these factors may lead to worse out-
comes. We did not find similar studies conducted on
Ukrainian adults; therefore, we could not compare our re-
sults for this population.

Despite findings from some previous studies that indi-
cate a relationship between serum 25(OH)D levels and the
severity of COVID-19 infection,141819 our results suggest
that low vitamin D levels cannot be used as a sole factor
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Figure 2. Difference in inflammatory marker CRP between patients with 25(OH)D levels <30 ng/ml (low vitamin
D) and those with 25(0OH)D levels >30 ng/ml (adequate vitamin D). Two red marks indicate far-out values.

Table 2. Predictors of respiratory support need, using binary logistic regression analysis.

Model (1) Model (2)
Unadjusted Adjusted Adjusted
OR(95% Cl) p OR(95% Cl) p OR (95% Cl) p
Predictor
Age 1.035 0.08 1.031 0.18 1.03 0.25
(0.996 -1.068)
(0.986 to 1.078) (0.978 to 1.083)
Gender (Female) 0.692 0.45 0.456 0.17 0.441 0.2
(0.267 to0 1.793) (0.148 to 1.402) (0.127 to 1.523)
Hypertension 1.429 0.46 1.129 0.87
(0.555t03.676) (0.269t04.735)
CVD 2455 0.1 1.021 0.98
(0.844t07.14) (0.211t04.937)
Diabetes mellitus type 2 1.292 0.75 1.123 0.89
(0.267 to 6.248) (0.211t05.991)
Obesity 1.292 0.75 1.521 0.66
(0.267 to 6.248) (0.241t09.61)
25(0OH)D levels (ng/ml) <30 2.925 0.034 2.078 0.21 2.11 0.24
(1.084 t0 7.893) (0.665to 6.493) (0.608 to 7.326)

Model (1) Adjusted for age, gender. Model (2) Adjusted for age, gender, and comorbidities. CVD - cardiovascular diseases

for predicting negative outcomes such as respiratory sup-
port need and mortality. We believe that many factors, such
as age, comorbidities, and disease severity, could confound
the relationship between vitamin D levels and COVID-19

outcomes. However, we think measuring vitamin D levels in
hospitalized COVID-19 patients could be one of several fac-
tors that may help doctors make clinical decisions.
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LIMITATIONS

Our study has a few limitations. Generalizing the study’s
results to a wider population may be challenging due to the
study’s reliance on data from only one centre and sample
size. In addition, the research was conducted in a private
medical centre; therefore, it may be prone to selection bias,
as patients who seek care at such centres may have differ-
ent demographic, socioeconomic, or health-related charac-
teristics than those who receive care in public hospitals.

CONCLUSION

Although the role of vitamin D as solely factor of mortality
and respiratory support need appears overestimated, the
differences in the level of inflammatory marker CRP be-
tween patients with adequate vitamin D and low vitamin D
status suggest that vitamin D level needs to be considered
in hospitalized patients with COVID-19, especially in el-
derly patients with comorbidities.
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