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Abstract

Background: The COVID-19 can cause serious life-threatening complications. Vitamin D deficiency has been proposed to
mediate the disease by some studies, however, there is a lack of sufficient data.

Methods: In this descriptive-analytical study, 72 Iranian adult patients with COVID-19 were examined. At the beginning
of hospitalization, serum levels of vitamin D were checked and patients were divided into four groups as vitamin D above
normal, normal, insufficient, or deficient. The prognosis of patients has been evaluated based on serum levels of vitamin D
and other underlying factors.

Results: Only 30% of patients had normal vitamin D concentrations. Vitamin D status was associated with COVID-19
complications, but not with underlying diseases. In the multivariable logistic regression, COVID-19 prognosis was associated
with being male, length of stay in an intensive care unit (ICU), need for intubation, acute respiratory disease syndrome
(ARDS), and myocarditis. The serum vitamin D correlated with COVID-19 complications including ARDS, QT length, the
requirement to ICU, and intubation.

Conclusion: This study showed a mediating role for vitamin D in COVID-19 complications and identified the frequent
complications in these patients and contributing variables exaggerating prognosis for health authorities to properly manage
COVID-19 in hospitals. Further relevant examinations are highly encouraged.

Keywords: 2019 novel-coronavirus; calcidiol; COVID-19; prognosis; sars-cov; vitamin d; coronaviridae; Brazil; WHO;
acute respiratory disease syndrome; thrombomodulin
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Background

Coronaviruses are a type of RNA virus from the Coronaviridae (CoV)
family that is widely distributed in mammals such as humans [1]. Family's
CoV has caused severe acute respiratory distress syndrome (SARS-CoV)
which started in 2002 and Middle East Respiratory Syndrome (MERS-
CoV) which started in 2012 in more than 10,000 people [2, 3].

Since December 2019, the outbreak of viral pneumonia was observed in
Wuhan, Hubei Province, China. After identifying the virus, the pathogen
of this pneumonia was initially called the 2019 novel-coronavirus (2019-
nCoV) [4]. The most common manifestations of 2019-nCoV are fever,
nonproductive cough, myalgia, fatigue, weakness, diarrhea, dyspnea,
anosmia, and hemoptysis [1]. Most people who become infected are
asymptomatic and carrier, but it can cause serious side effects and life-
threatening complications, including acute respiratory distress syndrome,
pneumonia, myocarditis, acute kidney injury, and failure of other organs
[5]. Respiratory failure is the most common dangerous complication of
2019-nCoV [6]. The most important risk factors for the 2019 coronavirus
disease (COVID-19) progression are aging, immunodeficiency, and past
underlying disease. Recent epidemiologic evidence suggested that
vitamin D deficiency might be another potential risk factor for the disease

(71

Vitamin D is a fat-soluble vitamin produced in the skin after reaction of
ultraviolet (UV) with 7-dehydrocholesterol and its biologically active
form, 1,25-dihydroxy vitamin D, is finally made in the kidney [8]. Recent
studies have shown that vitamin D, in addition to its role in bone
mineralization and calcium transportation in the gut, has several receptors
in the vascular endothelium, smooth muscle, and heart, as well as
epithelium tissue of the airways, and it is effective in inflammatory
processes [8-11]. Therefore, vitamin D is probably effective in the
progression and severity of inflammatory and infectious diseases.
However, there is scarce evidence regarding the impact of vitamin D
status on COVID-19 incidence and mortality. Ecological studies from
European countries supposed an inverse association between vitamin D
status and COVID-19 incidence and mortality [12, 13]. However,
observation of high mortality rates from COVID-19 in sunny countries
like Brazil with relatively lower vitamin D deficiency (28%) is debatable
[14].

Due to the high prevalence of 2019-nCoV, WHO declared the disease as
a pandemic situation in 2020, and also its significant morbidity and
mortality have imposed a huge cost on the health care system of many
countries; therefore, identification of the most important risk factors
engaged in initiation and treatment of this disease can be of great help to
the health of individuals and societies. Therefore, this study was
conducted to investigate the relationship between serum vitamin D levels
and other mediating factors and COVID prognosis among patients with
2019-nCoV.

Copy rights@ Narjes Zarei jalalabadi et.al.

Methods

Study design: This was a hospital-based descriptive-analytical study.
The study design was reviewed and approved by the Ethics Committee of
Tehran  University of  Medical Sciences (Ethics  code:
IR.TUMS.VCR.REC.1399.421; 27 May 2020).

Subjects: After obtaining patients’ compliance through written
consents, 72 adult patients with the 2019-nCoV diagnosis were
subsequently recruited from Imam Khomeini hospital, one of the central
hospitals for corona cases in Tehran metropolitan, Iran. Data was
collected between 20 July 2020 and 27 August 2020.

2019-nCoV diagnosis: Suspected patients having complications like
nonproductive cough, fever, dyspnea, and diarrhea were confirmed to
have 2019-nCoV infection using RT-PCR and Chest CT scan tests.
Patients with negative CT results were excluded from the study.

Data Collection: A checklist, including demographic data and disease
history (having any underlying disease), was fulfilled for each patient.
Venous blood samples were drawn after admission and were sent to the
hospital’s laboratory to assess the serum concentration of vitamin D
(Calcidiol). Immunoassay technique via liquid chromatography-tandem
mass spectrometry (LC-MS/MS) was utilized to measure serum vitamin
D and patients were divided into four groups based on their serum vitamin
D concentrations: above normal (>50 ng/mL), normal (30-50 ng/mL),
insufficient (10-29 ng/mL), and vitamin D deficiency (<10 ng/mL) (15).
The patient prognosis (as discharge or death), length of hospitalization,
ward of hospitalization (medical ward or intensive care unit [ICU]),
response to treatment based on SPO2 and requirement of oxygenation
with reserve bag-mask, existence, and type of life-threatening
complications (including pneumonia, myocarditis, myocardial infarction
[MI], sepsis, acute respiratory disease syndrome [ARDS], acute kidney
injury [AKI], deep vein thrombosis [DVT], convulsion, fraction of
inspired oxygen [F102], and prolonged QT wave) and transfer to ICU
were recorded through a checklist.

Statistical Analysis: Finally, the obtained data were entered into
SPSS software (version 25.0, IBM, NY, USA) and the relationship
between serum levels of vitamin D and other relevant data for the
prognosis of the studied patients was analyzed using descriptive statistical
methods as well as logistic regression method. At all statistical stages, a
significance level of 0.05 was the criterion for statistical judgments.

Results

In this study, 72 patients with Covid-19 were examined. The mean age of
patients was 56.69 years old (Minimum: 28, Maximum: 85 years) and
63.9% were male. (Table 1) presents the main characteristics of the
studied population in detail.

Variable Value (n=72) p-value
Sex

Female 26 (36.1%) 0.634
Male 46 (63.9%)

Underlying disease

No 10 (13.9%) 0.508
Yes 62 (86.1%)

Type of underlying disease

No 9 (12.5%)

Heart Disease 17 (23.6%) 0.489
Non- Heart Disease 26 (36.1%)

Both Heart and Non- Heart Disease 20 (27.8%)
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Needing to ICU

No 52 (72.2%) 0.001*

Yes 20 (27.8%)

Needing to F102

No 22 (30.6%) 0.041*

Yes 50 (69.4%)

Needing to Intubation

\'\;gs 66 (91.7%) <0.005*
6 (8.3%)

Having Complication

$gs 41 (56.9%) 0.018*
31 (43.1)

Pneumonia

No 59 (81.9%) 0.710

Yes 13 (18.1%)

ARDS

No 65 (90.3%) 0.005*

Yes 7 (9.7%)

Sepsis

No 65 (90.3%) 0.499

Yes 7 (9.7%)

AKI

No 60 (83.3%) 0.645

Yes 12 (16.7%)

Myocarditis

No 70 (97.2%) 0.005*

Yes 2 (2.8%)

DVT

No 71 (98.6%) 0.807

Yes 1 (1.4%)

Seizures

No 71 (98.6%) 0.807

Yes 1 (1.4%)

Complications of QT

$gs 70 (97.2%) 0.728
2 (2.8%)

MI

No 71 (98.6%) <0.005*

Yes 1 (1.4%)

Vitamin D Status

Deficient 4 (5.6%)

Insufficient 40 (55.6%) 0.046*

Normal 22 (30.6%)

Above normal 6 (8.3%)

Age (year) 56.69+15.13 0.003*

Serum vitamin D (ng/mL) 27.05+ 13.30 0.031*

Length of hospitalization (day) 8.56+ 6.08 0.079

Length of stay in ICU (day) 2.18+4.67 < 0.005*

F102: Fraction of Inspired Oxygen, ARDS: Acute Respiratory Disease Syndrome, AKI: Acute Kidney Injury, DVT: Deep Vein Thrombosis, MI:
Myocardial Infarction.

P<0.05 is significant. 8.56+ 6.08

Table 1: Characteristics of studied patients and their relation to the final prognosis.

Mean serum vitamin D was 27.05 ng/mL (SD: 13.30) and only one-third  prevalent complication among these patients was Pneumonia (14.9%) and
of participants had normal serum vitamin D. In this study participants 68  AKI (13.8%). Median and Mean of serum vitamin D concentration at
patients (94.4%) were discharged and 4 patients (5.6%) died. The most  recruitment was lower in patients who subsequently finally dead from
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COVID-19 infection than discharged participants (14.50 vs. 24.65, Mean:
14.75 vs. 27.05 ng/mL; p=0.040).

COVID-19 prognosis was predicted univariably (OR = 2.78, 95% CI:
0.51-15.26, p = 0.24), and after adjustment for covariates, including age,
sex, length of hospitalization (day), requirement to ICU, length of stay in
ICU (day), requirement to F102, requirement to intubation, and having a
complication (Binary logistic regression, Forward manner). Exposures

Variable

Age (year)

Sex

Length of hospitalization (day)
Length of stay in ICU (day)
Underlying disease

Type of underlying disease
Needing to ICU

Needing to F1IO2

Needing to Intubation
Having a Complication
Pneumonia

ARDS

Sepsis

AKI

Myocarditis

DVT

Seizures

Complications of QT

Ml

Copy rights@ Narjes Zarei jalalabadi et.al.

that predicted COVID-19 prognosis in the multivariable logistic
regression were male sex (OR=1.21; 95% CI=1.01-1.45; p-value=0.039),
length of stay in ICU (day)(OR= 1.23; 95% CIl =1.05-1.43; p-
value=0.011), need to intubation (OR=7.07; 95% CI=5.12-82.58; p-
value=0.052), ARDS (OR=9.31; 95% CI1=0.922-94.05; p-value=0.059),
and myocarditis (OR=8.02; 95% CI = 1.11-45.01; p-value = 0.027)
(Table 2).

r p-value
0.34 0.004*
0.27 0.164
0.56 0.189
0.51 0.058
0.15 0.672
0.41 0.197
0.37 0.021*
0.42 0.005*
0.23 0.282
0.31 0.070
0.16 0.600
0.35 0.033*
0.31 0.073
0.17 0.549
0.15 0.649
0.11 0.847
0.11 0.847
0.35 0.031*
0.11 0.847

F102: Fraction of Inspired Oxygen, ARDS: Acute Respiratory Disease Syndrome, AKI: Acute Kidney Injury, DVT: Deep Vein Thrombosis, MI:

Myocardial Infarction.

Phi, Cramer's V, Contingency Coefficient, Kendall's tau-b, Kendall's tau-c, Spearman Correlation, Pearson‘s Correlation tests were used for analysis.

P<0.05 was significant.

Table 2: Correlation between serum vitamin D and demographic and clinical variables.

When participants were categorized into vitamin D deficiency (<10
ng/mL), insufficiency (10-29 ng/mL), normal (30-50 ng/mL) and above
normal (>50 ng/mL), the pattern of results was similar to those observed
with serum levels of vitamin D entered numerically and as a continuous
variable (univariable OR =2.78, 95% Cl= 0.51-15.26, p = 0.24; adjusted
p =0.95).

As Table 2 demonstrates, serum vitamin D was an only correlation with
ARDS, QT length, the requirement to ICU, and intubation.

Discussion

The widespread of the novel COVID around the world and a great deal of
hospitalization with numerous culprits raised concerns to distinguish the
underlying contributing factors, especially those affecting the severity and
prognosis of the disease. Due to the infectious nature of the disease,
identification of the underlying factors mediating the immunity response
was the core of many investigations. Some studies have proposed that low
circulatory vitamin D has been correlated to SARS-CoV-2 infection
susceptibility and severity [16,17]. For example, a recent cohort in
Switzerland on elderly patients demonstrated a lower serum vitamin D in
PCR-positive cases over 70 years old [16]. Vitamin D deficiency has been
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suggested as a COVID-19 mediator because of its significant role in
innate immune regulation [18,19], its modulatory effects on inflammatory
responses to infections, and the existence of several vitamin D receptors
in different tissues and organs from airways to the heart, especially in
leucocytes [8-11,20]. vitamin D also counteracts tumor necrosis factor
(TNF), Low-density lipoprotein (LDL), and other inflammatory mediators
by reducing the expression of CD40 in inflammatory cells, down-
regulation of tissue factor, and up-regulation of thrombomodulin in
monocyte cells [21].

Although some reviews have proposed some mediating roles for vitamin
D in COVID-19 morbidity [18, 19], there is a lack of sufficient clinical
data regarding the association of serum vitamin D with COVID-19
prognosis. A small study in the US reported that patients admitted to ICU
had probably higher vitamin D deficiency compared to those admitted to
medical wards (84.6% versus 57.1%) (22). According to our results, poor
vitamin D status was associated highly with the length of stay in ICU and
after that with ICU admission, needing to FIO2, ARDS, and QT length,
but not with death prognosis. Therefore, vitamin D status may indirectly
contribute to prognosis in association with ARDS, QT length, and the
requirement to ICU and intubation.
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The current investigation demonstrated that COVID prognosis was
strongly correlated to being male, ARDS, myocarditis, ICU requirement,
need to intubation and length of stay in ICU, and Pneumonia (14.9%) and
AKI (13.8%) were the most prevalent complications in our studied
patients. These results were in accordance with previous findings
implying that COVID-19 was mostly accompanied by pneumonia, ARDS
leading to ICU admission, and multi-organ failure [23]. Previous studies
proposed age as a contributing factor in COVID mortality [7], we also
observed that older patients had 24% higher COVID-19 prognosis. Also,
we observed that female had better COVID prognosis, this could be due
to lower ACE2 expression in males than in females which influence the
susceptibility to death from COVID-19 [24]. As our results showed,
ARDS was a prevalent complication in COVID patients. A meta-analysis
of 25 trials revealed that vitamin D supplementation could reduce the risk
of acute respiratory infections in all patients, but mostly in those with
serum vitamin D <50 nmol/L (20 ng/mL) [25]. On the other hand, another
investigation showed no association between serum vitamin D and
increased oxygen requirements, CRP levels, or co-morbidities [17].
Serum vitamin D was correlated to ARDS, length of stay in ICU, the
requirement to ICU, length of QT, and FIO2 in our subjects.

The current study had several strengths. It was the first study that assessed
the association between vitamin D status and COVID-19 prognosis,
specifically in Iran, a country with rather high vitamin D deficiency and
moderate COVID victims. Predicting the COVID-19 prognosis in
hospitalized patients using some clinical data was another achievement of
this study. Also, the investigation clarified the strongly correlated factors
to COVID prognosis, i.e. age, ARDS, myocarditis, MI, intensive care
requirement, and length of stay in ICU in the studied population.

This study faced some limitations. Due to the cross-sectional design of
this investigation, we could not distinguish the cause-effect relationship
between vitamin D status and disease initiation. Also, some health
conditions and drugs may affect both vitamin D status and disease
severity. Lack of anthropometric and inflammatory measures were other
limitations. These factors restrict the generalization of our findings.

Conclusion

To conclude, based on our results, vitamin D participates in COVID-19
complications and possibly in its prognosis. Awareness of the frequent
complications in patients having COVID in addition to predicting
variables could help health professionals and authorities to consider the
proper facilities and the best approaches to manage COVID-19 in
hospitals. Further examinations with greater sample size, longer duration,
and inclusion of other mediating conditions, like anthropometric
measures and inflammatory factors, is highly recommended.
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